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Background. COVID-19 infection is particularly aggressive in frail patients, as cancer patients. Therefore, the more 
suitable management of the oncological patient requires a multidisciplinary assessment, to identify which patients 
should be treated, as inpatients or outpatients, and which treatments can be procrastinated.
Conclusions. The role of radiologist is crucial, and, all cancer patients who need an imaging evaluation will need 
to be studied, using the most appropriate imaging tools related to the clinical question and paying a special atten-
tion to preserve public health. Guidelines are necessary in the correct organization of a radiology unit to manage 
patients with suspected or confirmed COVID-19 infection, and whenever possible, a satellite radiography center with 
dedicated equipment should be used to decrease the transmission risk.

Key words: COVID-19 infection; cancer patients, diagnostic unit; management; guideline

Introduction

In December 2019, health authorities in Wuhan, 
China, identified a cluster of acute respiratory dis-
ease of unknown etiology.1 Subsequently the re-
searchers identified a new viral agent, SARS-CoV-2, 
as responsible for the heart of an international 
outbreak centred on Hubei. On 30 January 2020, 
World Health Organization (WHO) confirmed 
the COVID-19 epidemic as a public health emer-
gency and on 11 March 2020 demarcated the rapid 
spread of infection as a pandemic in the world.1,2 
Globally, at the time of writing (15 September 
2020), there have been 29,525,571 confirmed cases 
of COVID-19, including 934,192 deaths. In Italy, 
there have been 289,990 confirmed cases, including 
35,633 deaths, reported to WHO.2 According to the 

data reported by the Italian authorities, the fatal-
ity rates, related to COVID-19 infection, increase 
exponentially after the age of 70 years, and the 
presence of an oncological pathology increases the 
risk of mortality.3 According to Liang et al., cancer 
patients have a higher risk of getting COVID-19 
infection.4 This data may be correlated to a high-
er rate of screening, higher risks for nosocomial 
contaminations and decreased immune defence. 
Moreover, the rate of pulmonary complications, 
requiring resuscitation, is higher in cancer patients 
than in non-cancer patients (39% vs. 8%), especially 
when a treatment was performed in the months be-
fore the infection.4 During epidemic of COVID-19, 
a guideline for the optimal management of onco-
logical patients urgently needs and the cancer pa-
tients should be treated as outpatients if possible 
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at the nearest medical centre.5 Conversely, patients 
who need to be hospitalized for oncological thera-
pies should have COVID-19 infection excluded 
prior being admitted and more attention should 
be paid to COVID-19 symptoms identification and 
of adverse reactions caused by the malignancy or 
antitumor treatments.5 However, an intentional 
postponing of antitumor treatment should be con-
sidered according to patient performance status.5 
Therefore, the more suitable management of the 
cancer patient requires a multidisciplinary assess-
ment, to identify which patients should be treated, 
as inpatients or outpatients, and which treatments 
can be procrastinated. It is clear that in this decision 
the role of radiologist is primary, for a correct stag-
ing of the disease as well as for identifying compli-
cations from radio- or chemo- therapy. Therefore, 
in this pandemic condition, all cancer patients who 
need an imaging evaluation will still need to be 
studied, using the most appropriate imaging tools 
related to the clinical question and taking attention 
to preserve public health.

Methods 

This document is based upon oncological panel of 
expert opinions by 9 radiologists, 1 cancer surgeon, 
and 1 radiotherapist, as well as additional expert 
in statistic. The panel included members of Italian 
Society of Radiology and Interventional Radiology 
(SIRM), including the President, the oncology di-
agnostic imaging section president-elect and the 
SIRM board. The panel identified four possible 
scenarios on how to manage a cancer patient dur-
ing the COVID-19 pandemic in a radiology unit. 
The entire panel was convened during a single 
session using a live audio and video interface. The 
four scenarios were presented, discussed, and re-
fined. These scenarios are intended to support the 
management of adults only. Children merit sepa-
rate consideration and are beyond the scope of this 
document. 

We accorded to the “Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
basic approaches and rules, and particularly considered 
experts’ evidence to assess the quality of a body of evi-
dence to make recommendations. The level of evidence 
was categorized as “high quality”, “moderate quality”, 
“low quality”, or “very low quality”. Recommendations 
were classified as “strong” or “weak”. The strong rec-
ommendation does not always mean there is sufficient 
intervention effectiveness. Besides the effectiveness of 
intervention, the forming of recommendations is based 

on the severity of the disease, patient willingness, safety, 
and economics”.6 “Once the evidence has been identified 
and assessed, recommendations were formulated based 
on the evidence by a face-to-face meeting of panel mem-
bers and supplemented by experts participating in the 
panel meeting”.6

The document derived also by a comprehen-
sive literature search. Using the following terms 
“COVID-19 OR SARS-CoV 2” AND “Cancer 
Patients” AND “Management” and “Imaging” we 
found a total of 148 articles published between Dec 
1st, 2019 and Sept 15th, 2020. Each article was evalu-
ated for relevance to the primary endpoint and a 
summary of key findings from relevant articles 
was created. The panel assessed 39 papers that met 
the document criteria.7-46

Overview of clinical scenarios 

Four scenarios can be defined in the radiological 
management of cancer patient:

1. �Non-COVID-19 cancer patient 
2. �Suspected COVID-19 cancer patient 
3. �Confirmed COVID-19 cancer patient
4. �Cancer Patients with incidental COVID-19  

diagnosis 

Although each scenario requires different man-
agement, however all should be performed with 
the intent of avoiding contamination for health 
workers and other patients.

First scenario: non COVID-19 cancer 
patient

Patients, with laboratory non confirmed COVID-19 
infection by using reverse transcriptase-polymer-
ase chain reaction (RT-PCR) test of nasopharyngeal 
swab to SARS-CoV-2, are defined as non COVID-19 
patients. However, since laboratory tests are not 
yet used as a screening tool to identify COVID-19 
patients, and many people may be asymptomatic 
or pauci-symptomatic it would be appropriate for 
health professionals to consider all patients as 
potential infected.7 Therefore, according to Jin et 
al.7, all patients should wear N95 (strong recom-
mendation) or surgical mask (weak recommenda-
tion), although the Centers for Disease Control and 
Prevention recommend that patients wear a face-
mask which can also be just a cloth mask, it is ap-
propriate that a cancer patient, because he is frag-
ile, should wear at least one surgical mask. In ad-
dition, while waiting for a radiological procedure, 
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the patient should stay away from other people (at 
least 6 feet of distance). The family members, ac-
companying patient, should follow the same rec-
ommendations. 

The healthcare staff should wear N95 mask, 
avoids direct contact with patient’s secretions, es-
pecially oral or respiratory, wear goggles or face 
shield, wear gloves, wash or disinfect hands before 
wearing gloves and after removing the gloves. A 
surgical cap and shoe covers may be added. After 
each radiological procedure, the community hos-
pital should clean and disinfect with 500 mg/L 
chlorine-containing disinfectant the radiological 
equipment used, clean their hands properly, and 
the room should be opened for appropriate venti-
lation. The isolation times of the section in which 
the person has stayed depend on the number of air 
parts insured for the environment (about 6/h with 
related 69 minutes of isolation), according to SIRM 
guidelines (Table 1).7-10 

Second scenario: suspected covid-19 
cancer patient 

Suspected infected patient should be isolated, con-
trolled, and diagnostic confirmation should be as 
quick as possible. Patients with mild symptoms 
should remain in home isolation, while patients 
with severe symptoms should be hospitalized, fol-
lowing the isolation guidelines.7 As for the first sce-
nario, also in this case patient and healthcare staff 
should follow the same procedures concerning the 
use of masks, wear goggles or face shield, gloves 
and the distance of at least 6 feet if possible, avoid-
ing direct contact with respiratory secretions, so as 
disinfection procedures for radiological equipment 
and rooms. In this scenario, it asks the radiologist 
to confirm the diagnosis of COVID-19. COVID-19 
diagnosis is made by RT-PCR test, however ra-
diological test is suggested for medical triage of 
suspected patients with moderate-severe clini-

cal symptoms and with higher pre-test infection 
probability.8 The reported sensitivity of chest x-ray 
(CXR) for COVID-19 pneumonia is relatively low 
in the early phase of the disease and in mild cases 
(69%).48 Conversely, chest computed tomography 
(CT) shows greater sensitivity for early pneumonic 
change, disease progression, and alternative diag-
noses; the administration of the intravenous con-
trast medium, is essential for the diagnosis of pul-
monary thromboembolism.9 However, in Italy, to 
reduce the possibility of the spread of the infection, 
in accordance with the Italian Society of Radiology 
and Interventional Radiology (SIRM) guidelines, 
CXR is the first tool to be used in patients with 
suspected COVID-19 (see Figure 1 that shown a 
patchy consolidation and strip-like opacity in a 

TABLE 1. Recommendations for first scenario – non COVID-19 cancer patient, according to Italian Society of Radiology and 
Interventional Radiology (SIRM) guidelines10

Patients Health care staff

Wear
•	 N95 mask [strong recommendation]
•	 or surgical mask [weak recommendation]

Wear 
•	 N95 mask [strong recommendation]
•	 goggles or face shield [strong recommendation]
•	 gloves [strong recommendation]
•	 surgical cap [weak recommendation]
•	 shoe covers [weak recommendation]

Stay away from other people 
(at least 6 feet of distance) 
[strong recommendation]

Clean and disinfect with 500 mg/L chlorine-containing 
disinfectant the radiological equipment used, clean their 
hands properly, and the room should be opened for 
appropriate ventilation [strong recommendation]

FIGURE 1. Man, 64 year. Chest x-ray shows patchy consolidation and strip-like 
opacities in a patient with confirmed COVID-19 infection by reverse transcriptase-
polymerase chain reaction (RT-PCR).
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FIGURE 2. Man, 53 year. CT shows multiple focal ground-glass opacities. (A) Axial plane, (B) multiplanar reconstruction in coronal plane.

patient with confirmed COVID-19 disease by RT-
PCR).10 Since, portable equipment for performing 
the diagnostic investigation in the patient ‘s isola-
tion room is the element that might favour CXR in 
selected patients, reducing the risk of COVID-19 
infection and eliminating the risk related to the 
transport route to a CT scanner (Table 2).8

Third scenario: confirmed COVID-19 
cancer patient

“The COVID-19 infected patients show symptoms as fa-
tigue, fever, dry cough, dyspnoea, with or without nasal 
congestion, runny nose or other upper respiratory symp-
toms. Patients with mild symptoms may have no signs, 

conversely in patients with severe symptoms, we could 
find breath shortness, moist rales in lungs, weakened 
breath sounds, dullness in percussion, and increased or 
decreased tactile speech tremor. During the early stage 
of COVID-19 disease, the leukocytes number in periph-
eral blood was normal or decreased and the lymphocyte 
count decreased. In some patients, liver enzyme, cre-
atine kinase and myoglobin increased. In severe case, the 
increase of D-dimer was reported. The typical CT/CXR 
imaging findings were multiple, patchy, sub-segmental 
or segmental ground-glass opacities in both lungs. They 
were classified as “paving stone-like” changes by fine-
grid or small honeycomb-like thickening of interlobular 
septa. In the elderly or severe condition patients more 
common features are multiple, patchy or large patches 

TABLE 2. Recommendations for second scenario – suspected COVID-19 cancer patient, according to Italian Society of Radiology 
and Interventional Radiology (SIRM) guidelines10

Patients Healthcare staff

Isolated, controlled, and diagnostic confirmation should 
be as quick as possible
Wear
•	 N95 mask [strong recommendation]
•	 or surgical mask [weak recommendation]

Wear 
•	 N95 mask [strong recommendation]
•	 goggles or face shield [strong recommendation]
•	 gloves [strong recommendation]
•	 surgical cap [weak recommendation]
•	 shoe covers [weak recommendation]

Stay away from other people 
(at least 6 feet of distance)
[strong recommendation]

Clean and disinfect with 500 mg/L chlorine-containing 
disinfectant the radiological equipment used, clean their 
hands properly, and the room should be opened for 
appropriate ventilation
[strong recommendation]
Diagnostic tool
•	 Chest radiography (CXR; not very sensitive), with portable 

equipment in the isolation room [strong recommendation]
•	 Computed tomography (CT; greater sensitivity) for early 

pneumonic change, disease progression, and alternative 
diagnoses;

the administration of the intravenous contrast medium for the 
diagnosis of pulmonary thromboembolism

A B
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of consolidation in both lungs, with a little grid-like or 
honeycomb-shaped interlobular septal thickening, espe-
cially in the middle and lower lobes. Based on CT image 
we find 5 stages according to the time of onset and the 
response of body to the virus”7:
1.	 Ultra-early stage. The stage without clinical 

symptoms, within 1–2 weeks after the infection. 
“The typical imaging features are single, double or 
scattered focal ground-glass opacity, nodules located 

in central lobule surrounded by patchy ground-glass 
opacities, patchy consolidation and sign of intra-
bronchial air-bronchogram, which was dominant in 
the middle and lower pleura”7 (Figure 2).

2.	 Early stage. One-three days after clinical mani-
festations. “CT scan shows single or multiple scat-
tered patchy or agglomerated ground-glass opacities, 
separated by honeycomb-like or grid-like thickened of 
interlobular septa” 7 – crazy paving (Figure 3).

FIGURE 3. Man, 61 year. CT shows ground-glass opacities separated by thickened interlobular septa. (A-F) Axial planes.

FIGURE 4. Woman, 54 year. CT shows patchy consolidation in apical segment of left lower lung. (A) Multiplanar reconstruction in 
sagittal plane; (B) multiplanar reconstruction in coronal plane; (C) axial plane.

A B C

D E F

A

B

C
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3.	 Rapid progression stage. Three-seven days after 
clinical manifestations started. “CT features are a 
fused and large-scale light consolidation sometimes 
with air-bronchogram inside”.7

4.	 Consolidation stage. Seven- fourteen days after 
clinical symptoms appeared. “CT shows multiple 
patchy consolidations in slighter density and smaller 
range than that of the previous stage”7 (Figure 4).

5.	 Dissipation stage. Two and 3weeks after the onset 
of clinical symptoms. “CT shows patchy consolida-
tion or strip-like opacity. As time goes on, it showed 
grid-like thickening of interlobular septa, thickening 
and strip-like twist of bronchial walls and a few scat-
tered patchy consolidations”7 (Figure 5).
“Confirmed infected patients should be treated in 

designated hospitals with isolation and protection condi-
tions. Medical personnel enter into the isolation area with 
proper self-protection through designated channels”.7

Several features should be considered in for im-
aging methods in the COVID-19 patient. First, daily 
chest radiographs are not indicated in stable intu-
bated patients with COVID-19, so it is possible also 
to reduce exposure risk of radiology technicians.8 
Second, CT scan is indicated for the evaluation of 
the stage of infection, for defining complications 
and for a correct differential diagnosis.8 Third, the 
chest ultrasound (POCUS – point-of-care ultra-
sound), performed by the intensivists at the pa-
tient’s bed, can also represent a monitoring tool to 
evaluate the effectiveness of the prono-supination 

manoeuvres. Systematic application of the POCUS 
can reduce the use of diagnostic imaging resources, 
also reducing staff exposure to possible contamina-
tion and helping to optimize therapies especially in 
critically ill patients (Table 3).10-12

Fourth scenario: Cancer patients with 
incidental COVID-19 diagnosis 

We defined cancer patient with incidental 
COVID-19 diagnosis, when the diagnosis is ran-
dom, during examination by staging or follow-up 
for oncological disease. CT features of COVID-19 
infection are non-specific, however, the detection 
of these in an asymptomatic patient allows to iden-
tify that group of asymptomatic patients who can 
favour the spread of the infection in the commu-
nity. It is reported that asymptomatic carriers of 
COVID-19 are 17.9%–33.3% of all infected cases.13,14 
The undetected infected patients are responsible 
for a rapid spread of SARS-CoV2.15 RT-PCR test 
in this scenario is important to identify an occult 
infection and limit further transmission within the 
community. Therefore, although in the cancer pa-
tient, especially when undergoing immunothera-
py, interstitial pneumonia may be a complication 
of treatment, in a pandemic phase it is essential to 
exclude COVID-19 infection, so that the patient, 
even asymptomatic, must be considered infected 
before laboratory tests (Table 4).

TABLE 3. Recommendations for third scenario - confirmed Covid-19 cancer patient, according to Italian Society of Radiology and 
Interventional Radiology (SIRM) guidelines10

Patients Healthcare staff

Isolated and controlled
•	 treated in designated hospitals with isolation and 

protection conditions 
[strong recommendation]

Medical personnel enter into the isolation area through 
designated channels
(strongrecommendation]

Wear
•	 N95 mask [strong recommendation]
•	 or surgical mask [weak recommendation]

Wear 
•	 N95 mask (strong recommendation]
•	 goggles or face shield (strong recommendation]
•	 gloves (strong recommendation]
•	 surgical cap (weak recommendation]
•	 shoe covers(weak recommendation]

Stay away from other people 
(at least 6 feet of distance)
[strong recommendation]

Clean and disinfect with 500 mg/L chlorine-containing 
disinfectant the radiological equipment used, clean their 
hands properly, and the room should be opened for 
appropriate ventilation
[strong recommendation]
Diagnostic tool
•	 daily chest radiographs are not indicated 
•	 CT scan is indicated for the evaluation of the stage of 

infection, for defining complications and for a correct 
differential diagnosis

•	 The chest ultrasound (POCUS – point-of-care ultrasound) a 
monitoring tool to evaluate the effectiveness of the prono-
supination manoeuvres
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Infection prevention in a 
radiology unit

Up to day, it is known that the main source of 
COVID-19 infection are patients during the first 
week of infection, later the viral load diminishes 
and in some studies live virus was not isolated 
past 8th day post infection. Respiratory droplet 
is the main route of transmission, so as strict con-
tact. Although, several data, as the source of the 
virus and its ability to spread between people is 
unknown, however it is clear that it is possible a 
human-to-human transmission.16

“For healthcare providers, the centers for disease con-
trol (CDC) groups medical-related exposures into low, 
medium, and high-risk”.17 Within a radiology unit, 
a brief, without protection interaction with an in-
fected patient, so as a prolonged close contact with 
a masked, are classified as low-risk exposures.17,18 

However, the radiographers, since exposed contin-
uously, might be infected to COVID-19. Therefore, 
guidelines are necessary in the correct organiza-
tion of a radiology unit to manage patients with 
suspected or confirmed COVID-19 infection, and 
if possible, portable diagnostic equipment should 
be employed to reduce the patient’s movements. 
Moreover, it would also be appropriate to use a sat-
ellite radiography centre with dedicated equipment 
to decrease the risk of transmission. The Centers 
for Disease Control and Prevention guidelines for 
SARS COVID-19 recommended that the healthcare 
staff should wear N95 mask, avoid direct contact 
with patient’s secretions, especially oral or res-
piratory, wear goggles or face shield, wear gloves, 
wash or disinfect hands before wearing gloves and 
after removing the gloves. A surgical cap and shoe 
covers may be added.17,46 Radiological equipment, 
such as CT and Magnetic Resonance (MR), ultra-
sound probes, and image viewing station should 

FIGURE 5. Man, 76 year. CT shows strip-like opacity, grid-like thickening of interlobular septa, thickening and strip-like twist of 
bronchial walls and patchy consolidations. (A) Axial plane; (B) multiplanar reconstruction in coronal plane; (C) multiplanar 
reconstruction in sagittal plane.

TABLE 4. Fourth scenario -Cancer Patients with incidental COVID-19 diagnosis, according to Italian Society of Radiology and 
Interventional Radiology (SIRM) guidelines10

Patients Healthcare staff

Controlled
•	 diagnostic confirmation should be as quick as possible 

[strong recommendation]
Wear
•	 N95 mask [strong recommendation]
•	 or surgical mask [weak recommendation]

Wear 
•	 N95 mask [strong recommendation]
•	 goggles or face shield [strong recommendation]
•	 gloves [strong recommendation]
•	 surgical cap [weak recommendation]
•	 shoe covers [weak recommendation]

Stay away from other people 
(at least 6 feet of distance)
[strong recommendation]

Clean and disinfect with 500 mg/L chlorine-containing 
disinfectant the radiological equipment used, clean their 
hands properly, and the room should be opened for 
appropriate ventilation
[strong recommendation]

A B C
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be disinfected after every contact with suspected 
patients. Health personnel with suspicious expo-
sure, without adequate personal protective equip-
ment, should be observed for 14-day, starting from 
the last day of contact with the COVID-19 infected 
patients. If properly trained, the can avoid contam-
ination of equipment, staff and other patients.19

Conclusions

COVID-19 infection is particularly aggressive in 
frail patients, as cancer patients. Therefore, the 
more suitable management of the cancer patient 
requires a multidisciplinary assessment, to identify 
which patients should be treated, as inpatients or 
outpatients, and which treatments can be procras-
tinated. It is clear that the role of radiologist is cru-
cial, and, all cancer patients who need an imaging 
evaluation will still need to be studied, using the 
most appropriate imaging tools related to the clini-
cal question and taking attention to preserve public 
health. Therefore, guidelines are necessary in the 
correct organization of a radiology unit to manage 
patients with suspected or confirmed COVID-19 
infection, and whenever possible, a satellite radi-
ography center with dedicated equipment should 
be used to decrease the risk of transmission.
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Background. In the setting of cirrhotic liver, the diagnosis of hepatocellular carcinoma (HCC) is straightforward when 
typical imaging findings consisting of arterial hypervascularity followed by portal-venous washout are present in nod-
ules larger than 1 cm. However, due to the complexity of hepatocarcinogenesis, not all HCCs present with typical 
vascular behaviour. Atypical forms such as hypervascular HCC without washout, isovascular or even hypovascular 
HCC can pose diagnostic dilemmas. In such cases, it is important to consider also the appearance of the nodules on 
diffusion-weighted imaging and hepatobiliary phase. In this regard, diffusion restriction and hypointensity on hepa-
tobiliary phase are suggestive of malignancy. If both findings are present in hypervascular lesion without washout, 
or even in iso- or hypovascular lesion in cirrhotic liver, HCC should be considered. Moreover, other ancillary imaging 
findings such as the presence of the capsule, fat content, signal intensity on T2-weighted image favour the diagnosis 
of HCC. Another form of atypical HCCs are lesions which show hyperintensity on hepatobiliary phase. Therefore, the 
aim of the present study was to provide an overview of HCCs with atypical enhancement pattern, and focus on their 
magnetic resonance imaging (MRI) features.
Conclusions. In order to correctly characterize atypical HCC lesions in cirrhotic liver it is important to consider not 
only vascular behaviour of the nodule, but also ancillary MRI features, such as diffusion restriction, hepatobiliary phase 
hypointensity, and T2-weighted hyperintensity. Fat content, corona enhancement, mosaic architecture are other MRI 
feautures which favour the diagnosis of HCC even in the absence of typical vascular profile. 

Key words: hepatocellular carcinoma; liver cirrhosis; magnetic resonance imaging; diffusion magnetic resonance 
imaging

Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary hepatic malignancy, and the fifth 

cause of cancer mortality worldwide.1,2 In more 
than 90% of cases, HCC occurrs in a cirrhotic liv-
er.3,4 The diagnosis of HCC at an early stage is of 
great clinical importance since curative treatments 
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such as resection, transplantation, or local ablation 
therapy are possible.5,6 In order to achieve this goal 
American Association for the Study of Liver Disease 
(AASLD) recommends ultrasound follow-up every 
six months for high risk patients.7,8 In case nodule 
larger than 1cm is detected, the patient should un-
dergo further examination with computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). 
The presence of arterial hyperenhancement, fol-
lowed by washout in the portal-venous or delayed 
phase, is sufficient for the diagnosis of HCC in the 
setting of cirrhotic liver without the need for tissue 
biopsy.7,9 In addition to CT and MRI, contrast-en-
hanced ultrasound (CEUS) is relatively new imag-
ing modality, which allows real-time depiction of 
the typical vascular profile of HCC.10 CEUS is used 
in several indications in cirrhotic liver: to charac-
terize nodules detected on surveillance US allow-
ing prompt evaluation, and thus avoiding unnec-
essary further imaging in case of benign lesions; to 
add additional information to CT and MRI in case 
of suspected arterioportal shunts; and to provide 
more information for indeterminate nodules on 
CT and MRI prior to considration of liver biopsy.11 
Nevertheless CEUS has some limitations including 
inability for HCC staging. Thus, once malignancy 
is detected CT or MRI is necessary for staging dis-
ease.12

If nodules detected in cirrhotic liver are smaller 
than 1cm, an ultrasound follow-up at 3-months in-
tervals is adviced, in order to detect lesion growth.8 
Although typical enhancement pattern is highly 
specific (97-99%), it has low sensitivity, as 30% of 
HCCs have an atypical enhancement due to imma-
ture neovascularization.13 According to previous 
publications, the incidence of atypical enhance-
ment pattern was most frequent among small and 
well-differentiated HCCs.9,13 Thus, some HCCs 
are misdiagnosed, since they do not exhibit these 
specific imaging criteria, presenting as either iso/
hypovascular lesions, rim-enhancing lesions, or 
hypervascular lesions without washout.14 

Therefore, we sought herein to provide an over-
view of atypical manifestations of HCC in term of 
vascular behaviour, and focus on their MRI fea-
tures that might be used for establishing an accu-
rate diagnosis.

Hepatocarcinogenesis

Cirrhosis may be caused by chronic viral hepatitis, 
chronic alcohol abuse, different inherited and ac-
quired metabolic diseases with nonalcoholic fatty 

liver disease (NAFLD) arising as a new epidemic 
liver disease in modern world.15 Among all etiolo-
gies, the risk for HCC development is highest in 
patients with chronic viral hepatitis.16 Many recent 
studies have shown that the risk of HCC is reduced 
among patients with hepatitis C viral infection who 
achieve sustained virological response (SVR) with 
interferon-based antiviral therapy.17 However con-
tradictory data exist on the risk of HCC in patients 
receiving new direct-acting antivirals (DAA).18 
Namely in contrast to interferon, these drugs can 
also be used in patients with advanced liver dis-
ease in whom cirrhosis has already developed.19 
Additionally, DAA lead to distortion of immune 
system which not only cause rapid decrease in vi-
ral overload but also alters inflammatory profile 
which can accelerate the growth of already existing 
preclinical cancer.20 The role of imaging in these 
subset of patients is early detection of HCC as the 
most important complication of longstanding cir-
rhosis.

It is widely accepted that in cirrhotic liver HCC 
develops through multistep process of hepatocar-
cinogenesis starting from low grade dysplastic 
nodules (DN), followed by high grade DN, early 
HCC, and finally progressed HCC.21,22 Low grade 
DNs are vaguely or distinctly nodular lesions with 
mild increase in cell density, no cytologic atypia, 
and morphologically indistinguishable from sur-
rounding regenerative nodules.23 However, this 
distinction is clinically not so important as low 
grade DN have only slightly elevated risk of fur-
ther dedifferentiation.23 In contrast, high grade 
DNs are premalignant lesions with cellular and 
architectural atypia. Rare unpaired arteries are 
also found in most of high grade DNs. Early HCC 
is defined as well-differentiated lesion, lacking fi-
brous pseudocapsule, characterized by five major 
histological features: (1) increased cell density; (2) 
various number of portal tracts within the nod-
ule; (3) frequent acinar and/or pseudoglandular 
pattern; (4) common diffuse fatty change; and (5) 
varying number of unpaired arteries.24 Diffuse 
fatty change is seen in 40% of tumors less than 2 
cm in diameter.15 Nevertheless, all these features 
may also be present in high grade DNs, thereby an 
accurate differentiation among these lesions and 
early HCC is very difficult, even on pathological 
examination.25 To date, the presence of stromal in-
vasion is regarded to be the most important patho-
logical finding for distinction of early HCC from 
dysplastic nodule.25 Progressed HCC are distinctly 
nodular lesions, which in contrast to early HCC, 
have a propensity for microvascular invasion and 
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metastasis.23 Although pathologists have reached 
the consensus on histological characteristics of 
cirrhotic nodules, precise radiological criteria for 
identification of early atypically enhancing HCC 
are still missing.26

The hallmark of hepatocarcinogenesis are 
changes in nodule vascularization. At the begin-
ning of hepatocarcinogenesis the nodules show 
arterial hypovascularity with portal perfusion still 
present.27 Subsequently, both arterial and portal 
blood perfusion decrease.27,28 This step is followed 
by an increase of arterial vascularity to an isovascu-
lar pattern, and at the end to a hypervascular pat-
tern.29 Hypervascularity is a result of formation of 
numerous unpaired arteries.22 Nodule-in-nodule 
type is specific hemodynamic pattern, character-
ized by development of spots of arterial hypervas-
cularity in a hypovascular background.30 Due to 
insufficient number of unpaired arteries, typical 
vascular enhancement including arterial hypervas-
cularity, and portal-venous washout is frequently 
absent in early HCCs.31 Therefore, the detection of 
these nodules on conventional MRI remains very 
difficult. Previous studies have shown that early 
HCCs are biologically less aggressive lesions, with 
much lower incidence of microvascular invasion 
compared to small hypervascular HCCs.32 Since 
early HCC has a great chance for surgical cure and 
low risk of recurrence, it is of great clinical impor-
tance to detect these lesions, and correctly charac-
terize them.33-35 

Imaging diagnosis of 
hepatocellular carcinoma

Current guidelines for HCC diagnosis

According to international guidelines published by 
AASLD and European Association for the Study of 
Liver (EASL), non-invasive diagnosis of HCC in 
cirrhotic patients is based on the detection of ar-
terial hyperenhancement followed by washout in 
portal-venous phase.36 Although this vascular be-
havior is recognized as radiological hallmark for 
HCC diagnosis, it has low sensitivity, as 30% of 
HCCs have an atypical enhancement due to imma-
ture neovascularization.37,38 Atypical enhancement 
pattern is usually present in small and well-differ-
entiated HCCs.39,40 These results indicate that cur-
rent guidelines for noninvasive diagnosis of HCC 
may have limited value for early HCC, and may 
lead to many false negative findings.41 Therefore, 
there is an obvious need for new imaging criteria 

in the diagnosis of early HCC, since liver biopsy 
recommended for all atypical nodules has many 
drawbacks, such as bleeding, infection, and inade-
quate sampling.42 In this regard recent studies have 
stressed the utility of ancillary features such as T2-
weighted hyperintensity, increased fat content, 
hypointensity in hepatobiliary phase (HBP), and 
diffusion weighted imaging (DWI) hyperintensity 
for the detection of early HCCs.43-45 The presence 
of three or more positive findings among above 
mentioned ancillary MRI features in nodules with 
diameter of 1-2 cm without typical vascular pro-
file, has shown to significantly improve sensitivity 
(77%) without reduction of specificity (95%).46 

Liver Imaging Reporting and Data System (LI-
RADS) was developed by American College of 
Radiology in order to standardize diagnosis and 
reporting of lesions and pseudolesions identified 
in patients who are at risk for hepatocellular car-
cinoma.47,48 Moreover, imaging criteria for various 
benign and malignant hepatic tumors, including 
non-HCC malignancies like cholangiocarcinoma 
are discussed. LI-RADS categorizes hepatic le-
sions from LR-1 to LR-5 depending on their imag-
ing features, reflecting probability of being HCC. 
Categories LR-1 and LR-2 include definitely (LR-1) 
or probably benign lesions (LR-2). LR-3 are lesions 
with intermediate risk of being HCC, LR-4 include 
observations that are probably HCC, while LR-5 
are considered definitely HCC.49 LI-RADS algo-
rithm can be applied to both CT and MRI exami-
nations in patients with cirrhosis, chronic hepati-
tis B infection, and in patients with prior HCC.49,50 
The categorization of the lesions using LI-RADS is 
based on major imaging criteria with arterial phase 
hyperenhancement and washout appearance, be-
ing the most important.47-50 However, there are a 
few others major features which favor the diagno-
sis of HCC. In this regard, enhancing capsule has 
a strong predictive value for HCC. Histologically, 
it correlates to either a true capsule or pseudocap-
sule.51 It is seen as peripheral rim of smooth hyper-
enhancement on portal-venous, delayed or transi-
tional phase. In addition, threshold growth defined 
as increase of ≥50% in diameter over ≤6 months, or 
≥100% of diameter increase over >6 months, with 
minimal increase of at least 5 mm, is a strong in-
dicator of malignancy.52 Moreover, the use of an-
cillary features to further define final category is 
highly recommended.48 

The current European Association for the study 
of the Liver favours the use of Barcelona-Clinic 
Liver Cancer (BCLC) staging system for clinical 
classification of HCC.53,54 In this system prognosis 
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prediction is defined by variables related to tumor 
status, liver function and health status.54,55 The role 
of imaging in this classification system is to accu-
rately assess the number of tumor nodules, their 
size, the presence of portal vein invasion and extra-
hepatic spread of disease. In cases of single HCC 
nodules less than 2 cm, or 2-3 HCC nodules up to 
3 cm, the radical treatment such as resection, ab-
lation and transplantation are possible in cases of 
preserved liver function.56 In contrast, for advanced 
cases chemoembolization or systemic therapy are 
methods of choice.56 

One of the preconditions associated with a 
higher rate of complications in patients with cir-
rhosis and HCC is sarcopenia, defined as the loss 
of skeletal muscle mass, quality and function.57 In 
this regard, many studies have been published try-
ing to assess the real clinical impact of sarcopenia 
on the outcome of HCC patients undergoing treat-
ment.58,59 However, to date there is no standardi-
zation of methodology for sarcopenia evaluation. 
There are many different CT approaches for assess-
ment of sarcopenia such as measurement of total 
bilateral psoas muscle area at the middle of the 
third lumbar vertebra, or measurement of psoas 
mass thickness at the level of umbilicus, and many 
others.60,61 The lack of standardization and unified 
cut-off values indicate the need of further studies 
to clarify the impact of sarcopenia on therapeutic 
outcome in cirrhotic patients with HCC.

Ancillary MRI features for the diagnosis 
of HCC

Hepatocarcinogenesis is a complex process that 
includes not only changes in vascularity, but also 
changes in architecture, cellular density, hepato-
cyte function, and Kupffer cell number or func-
tion.62 Therefore, development of hepatoselective 
contrast agents, such as gadoxetic acid, or gado-
benate-dimeglumine, and introduction of DWI 
into abdominal MRI protocols, allowed evaluation 
not only of neovascularization, but also of other 
processes occurring during hepatocarcinogen-
esis.45,63,64

The hepatocyte-specific contrast agent gadolin-
ium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid  (Gd-EOB-DTPA) is a dual contrast agent, 
which combines the properties of conventional 
extracellular contrast agents with hepatobiliary 
phase.65 It is transported into hepatocytes using 
organic anion-transporting polypeptide OATP1B1 
(synonymous with  OATP8) and OATP1B3 recep-
tors.66 Multiple resistance-associated Protein 2 

(MRP2) located in the canalicular membrane of 
hepatocytes or tumour cells is responsible for ex-
cretion of hepatobiliary agents into bile ducts.65 
OATP transporters are typically inhibited, while 
MRP2 are overexpressed in malignant liver lesions 
such as HCC, which therefore show hypointensity 
on hepatobiliary phase.67 The importance of OATP 
receptors not only for detection of HCC, but also 
for prediction of recurrence rate and overall prog-
nosis has been recently shown.66 In this context, it 
was demonstrated that progressive loss in OATP 
immunoreactivity correlates well with the gain 
of biliary phenotype by neoplastic hepatocytes, 
which indicates high risk for faster recurrence and 
overall worse prognosis in patients with HCC.66,68 
The importance of assessment of correlation be-
tween MRI features of HCC on hepatobiliary phase 
and different morphovascular patterns of HCC de-
fined on histology was also outlined in the recent 
study by Vasuri et al.69 The results of this study and 
similar future studies could allow more accurate 
preoperative sub classification of HCC in order to 
discriminate patients with good and poor prognos-
tic outcome. 

Many previous studies have shown that reduc-
tion of OATP1B/B3 expression occurs early in the 
course of hepatocarcinogenesis, even before de-
velopment of neovascularization.63,70 On the other 
hand, regenerative nodules, or low grade dysplas-
tic nodules retain normal expression of uptake 
OATP1B/B3 transporter and excretory transporter 
MRP2.67 Therefore, the first sign of malignancy in 
cirrhotic nodules could be hypointensity in HBP, 
which is later followed by development of arterial 
hypervascularity. The utility of Gd-EOB-DTPA in 
the detection and characterization of atypically 
enhancing HCCs has been demonstrated in many 
recent reports.45,46,71-74 In this regard, Golfieri et al. 
tested 111 atypical cirrhotic nodules and shown 
that HBP hypointensity was the strongest marker 
of malignancy with 88% of sensitivity, 91% nega-
tive predictive value and 93% diagnostic accuracy.75 
The same group of authors have shown that after 
addition of HBP phase in MRI protocol, sensitiv-
ity and specificity for the detection of small HCCs 
significantly increased, from 88.4% up to 99.4%, 
and from 88% to 95%, respectively.73 The high inci-
dence of atypical nodules particularly among small 
lesions, and their frequent malignancy indicate the 
need to incorporate Gd-EOB-DTPA in standard 
MRI protocols for evaluation of cirrhotic liver.74 
Nevertheless, it should be kept in mind that he-
patic dysfunction or hyperbilirubinemia can result 
in diminished uptake of hepatospecific contrast 
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agent, leading to reduced conspicuity of HCC le-
sions on HBP.76

The value of DWI in the characterization of cir-
rhotic nodules could be explained by progressive 
cellular changes occurring during hepatocarcino-
genesis.77 It is well known that DWI signal inten-
sity is influenced by cellular density, architectural 
changes, as well as vascular changes during malig-
nant transformation of cirrhotic nodules. As one of 
the major differences between dysplastic nodules 
and early HCCs is the degree of cellular density, 
DWI might provide a good insight into histologi-
cal changes of hepatocellular nodules irrespective 
of vascularity.78 Notably, since RN and low grade 
DN are usually histologically identical to the sur-
rounding hepatic tissue, they are isointense on 
DWI.79,80 On the other hand, HCC and high grade 
DN, show a progressive increase in cellular den-
sity, thickening of cellular plates, leading to pro-
gressive restriction of water mobility, which results 
in increased signal intensity on DWI.80 Since at an 
earlier stage, the degree of neovascularization may 
be insufficient for depiction on contrast-enhanced 
images, small lesions could sometimes be detected 
only on DWI.81 Opposite to the signal intensity on 
DWI, the calculation of apparent diffusion coeffi-
cient (ADC) values was not shown to be usefull for 
differentiation of benign from malignant cirrhotic 
nodules.44,82 The subtle cellular changes, and vari-
able presence of fat, necrosis, and vascular changes 
result in strong overlap of ADC values between 
malignant and benign nodules. In addition, DWI 
hyperintensity could be also found in high grade 
DN, and even in a few low grade DN.83 These re-
sults could be explained by heterogeneity of cir-
rhotic liver which also shows diffusion restriction, 
thus making it difficult to identify hepatocellular 
nodules with increased signal intensity on DWI.84 
In addition, HCCs are less cellular than metasta-
ses, and sometimes difficult to detect on DWI.64 
Furthermore, DWI also has other limitations, in-
cluding limited spatial resolution, susceptibility 
to motion artifacts, especially for lesions located in 
the left lateral segment, and close to the diaphragm 
because of cardiac motion.77 Thus, in general DWI 
is not used alone in clinical scenarios, but only as a 
part of MRI protocol.85

The value of signal intensity on T2-weighted 
images in the identification of HCC lesions was 
stressed in many previous reports.41 Namely, 
T2-weighted hyperintensity is considered to be 
strong predictor of malignancy, and subsequent 
hypervascularization in hypovascular nodules.40,43 
Higher signal intensity on T2-weighted images 

could partly be explained by peliotic changes in 
the intratumoral sinusoids of HCC.86 In this regard, 
Channual et al. have shown that relative signal in-
tensity on T2-weighted images is significantly dif-
ferent between low grade DN on one side, and high 
grade DN with HCC on the other side.87 Moreover, 
when T2-weighted hyperintensity was combined 
with arterial hypervascularity, differentiation 
could be possible with the sensitivity of 88.6%, and 
positive predictive value of 99.2%.87 The value of 
T2-weighted hyperintensity was also shown in the 
study by Hwang et al., who reported that this fea-
ture was present in 76% of hypovascular HCC, and 
in only 12.9% of dysplastic nodules.88 Although T2-
weighted hyperintensity can also occur in dysplas-
tic nodules, probably due to infarction, the signal 
intensity is usually lower than in HCCs.89 

Besides above mentioned imaging characteris-
tics, there are also other ancillary features which 
could help in characterization of the lesions in 
cirrhotic liver. One of them is corona enhance-
ment which refers to an ill-defined perilesional en-
hancement in late arterial phase.48 It develops as a 
consequence of an early drainage of blood from a 
tumor into the surrounding hepatic sinusoids and 
portal venules.90 This occurs due to the obstruction 
of intranodular hepatic veins by neoplastic cells.90 
While capsular appearance is obvious on portal-
venous phase, corona enhancement is present 
in late arterial phase.91 If iron sparing solid mass 
is seen in the setting of cirrhotic liver with multi-
ple siderotic nodules, this finding should indicate 
the presence of malignancy.48 It is well known 
that during hepatocarcinogenesis neoplastic cells 
loose their capability of iron accumulation.48 Non-
enhancing capsule has recently been introduced as 
another ancillary feature that in particular favors 
HCC.48 It refers to uniformly thin, sharply demar-
cated, non-enhancing rim surrounding the lesion.48 
Furthermore, mosaic architecture and “nodule-in-
nodule” appearance are very well known ancillary 
features of HCC.30,92 While mosaic architecture is 
usually seen in large lesions, nodule-in-nodule of-
ten represents development of early HCC in high 
grade dysplastic nodule. The presence of fat in-
side the cirrhotic nodule is also considered to be 
ancillary feature of HCC.93 Although the exact un-
derlying mechanism of intralesional fat accumula-
tion is not known, hypoxia which occurs during 
hepatocarcinogenesis is considered to be the most 
probable reason.93 Intralesional fat is usually seen 
in small HCCs (less than 1.5 cm) with decreasing 
frequency in larger lesions.48 Nevertheless, this 
finding should not be confused with fat accumula-
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tion seen in steatotic HCC which represents spe-
cific hystological variant of HCC.39 Some other 
features, such as subtreshold growth, fat sparing 
in solid mass, blood products in mass, and transi-
tional phase hypointensity have also been included 
as ancillary features for HCC diagnosis in latest LI-
RADS algorithm.48,49

Since early HCC detection is crucial for appro-
priate clinical management of patients, the estab-
lishemnet of predictive markers for primary HCC 
occurance in the setting of compensated advanced 
chronic liver disease is in focus of many recent 
studies.94 Among different non-invasive tests for 
the prediction of primary HCC, Marasco et al. have 
found that the liver stiffness measurement is the 
most reliable, allowing evaluation of liver fibrosis 
degree, inflammation and portal hypertension.95 

However further studies are needed to determine 
specific optimal cut-off values able to assess the 
risk for HCC development in different etiologies.

Atypically enhanced 
hepatocellular carcinoma

Iso- or hypovascular HCC

Iso- or hypovascular HCCs are defined as lesions 
without arterial phase hypervascularity. As the 

reduction of portal vascularization precedes de-
velopment of new unpaired arteries, iso- or hypo-
vascularity in arterial phase, with hypointensity in 
portal-venous phase could be the first sign of early 
HCC (Figure 1,2).27 The prevalence of hypovascu-
lar HCC varies among different studies, ranging 
from 14% in the study by Leoni et al. 96, to 19.5% 
by Choi et al.97 If this vascular pattern is identified 
at dynamic CT, further examination with MRI us-
ing hepatospecific contrast agents is necessary. 
Hypointensity on HBP in nodules hypovascular 
in arterial phase, indicates that loss of metabolic 
hepatocyte function occurs before development 
of neovascularization.65,70 There are many recent 
studies which pointed out that hypointensity on 
HBP is one of the imaging findings with highest di-
agnostic accuracy for detection of early HCC.45,46,71-

74 Accordingly, in the study by Sano et al.41 the 
sensitivity of HBP hypointensity for the detection 
of early HCC was 97%, while specificity reached 
100%. Although several other imaging features, 
such as nodule-in-nodule appearance, washout in 
portal-venous phase, and fat content also had spec-
ificity of 100%, none of these findings had suffi-
cient sensitivity for HCC detection. Similar results 
were published by Choi et al. who have shown that 
96.6% of hypovascular HCCs were hypointense on 
HBP, indicating that HBP hypointensity must be 
considered as imaging biomarker of malignancy.97 
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FIGURE 1. Hypovascular hepatocellular carcinoma (HCC) in 58-year old woman with cirrhosis. On axial T2-weighted image (A), diffusion-weighted 
image (B) and on in-phase image (C) tumor is isointense with surrounding liver parenchyma. On opposed-phase image there is a partial drop of 
signal intensity in the lesion (arrow) corresponding to the fatty component (D). The lesion (arrow) is slightly hypointense on arterial phase (E), while it is 
clearly hypovascular on portal-venous phase (F). On hepatobiliary phase after administration of gadoxetic acid the lesion (arrow) is hypointense (G). 
Hematoxylin and eosin (H&E) staining showed well-differentiated HCC with fat deposition; original magnification x 200 (H).
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On the basis of these results, it could be concluded 
that double hypointensity, including hypointen-
sity in the portal-venous phase, and hypointensity 
in hepatobiliary phase is highly suggestive of hy-
povascular HCC.72 On the other hand, Bartolozzi 
et al. reported that 70% of high grades DNs were 
also hypointense on HBP, indicating that using on-
ly this sign, precise distinction among high grade 
DN and HCC is not possible.63 However, differen-
tiation among high grade DNs and early HCC is 
not crucial from clinical point of view. Namely, in 
many institutions high grade DN are considered 
to be early HCCs.72 Taking into account that high 
grade DN are premalignant lesions, it is question-
able whether exact radiological distinction among 
these two pathological entities is indeed neces-
sary. If not treated immediately, HBP hypointense 
nodules should be rigorously monitored as was 
stressed by many previous studies.98-101 The cumu-
lative risk of hypervascularization in these lesions 
varies from 31-35% in the study by Kim et al.98, and 
Hyodo et al.99, up to 77% in the study by Kumada 
et al.100. Similar results were also reported in other 
studies.98-102 Considering that a significant per-
cent of non-hypervascular HBP hypointense cir-

rhotic nodules are already HCCs, or will develop 
typical radiological features of HCC in follow-up, 
they must be characterized as high risk nodules, 
and if possible should be subject to liver biopsy. 
However, care should be taken when interpret-
ing HBP phase imaging findings in cirrhotic liver. 
Namely, in patients with worse Child Pugh class, 
the uptake of Gd-EOB-DTPA can be very reduced 
and delayed, affecting relative signal intensity of 
HCCs.65 In this regard, the diagnosis of HCC with 
atypical enhancement pattern may be very chal-
lenging in cirrhotic liver, indicating the importance 
of multiparametric assessment.

Besides hepatospecific contrast agents, further 
characterization of iso-, or hypovascular nodules 
could be done with DWI. In this context, Hwang 
et al. reported high diagnostic accuracy of DWI in 
differentiation between hypovascular HCC and 
dysplastic nodules, as hyperintensity on DWI was 
observed in 92% of HCC, in contrast to 16.1% of 
dysplastic nodules.88 In the study by Kim et al. DWI 
restriction was present in 56% of 139 hypovascu-
lar, HBP hypointense nodules which subsequently 
progressed to hypervascular HCC, indicating that 
DWI hyperintensity is a strong predictor of devel-

FIGURE 2. Isovascular hepatocellular carcinoma (HCC) in 55-year old woman with cirrhosis. On T2-weighted image slightly 
hyperintense nodule (arrow) is seen in liver segment VII (A). No lesion is seen on arterial (B) and portal venous phase (C). On 
hepatobiliary phase after administration of gadoxetic acid the lesion (arrow) is hypointense (D). Diffusion-weighted image 
shows diffusion restriction of the lesion (arrow) (E). Hematoxylin and eosin (H&E) staining showed well-differentiated HCC; original 
magnification x 200 (F). 
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opment of hypervascularity.98 Moreover, on the ba-
sis of these results, it could be concluded that iso- 
or hypovascular nodules, which show hypointeny-
ity on HBP and high signal intensity on DWI, could 
already be considered as early HCC. Additionally, 
according to some authors hypovascular nodules, 
hypointense in the HBP, not hyperintense on DWI, 
should be further investigated by contrast en-
hanced ultrasound (CEUS), as this method allows 
depiction of early arterial phase enhancement, 
which could be missed on dynamic CT and MRI.74

 

Hypervascular HCC without washout in 
portal-venous phase

Many small HCCs are depicted only during arte-
rial phase imaging as hypervascular lesions, lack-
ing washout on portal-venous and delayed phase 
(Figure 3).103 Actually, in HCCs ≤ 1 cm, arterial en-
hancement is the most frequent MRI finding (79%) 
in comparison to other features, such as wash-out 
in the portal-venous or delayed phase (50%).104 
This can raise a diagnostic dilemma, as it is often 
difficult to differentiate these lesions from non-

neoplastic hypervascular pseudolesions, such as 
small arterioportal shunts, or atypical cirrhosis re-
lated nodules.105,106 Moreover, the majority of these 
small hypervascular nodules detected in cirrhotic 
liver are benign lesions.105,106 Differential diagnosis 
is usually made using T2-weighted images, DWI, 
and signal intensity on HBP. Concerning the value 
of T2-weighted signal intensity there are discrep-
ant results in the previous literature.87,88,107 Thus, 
Hussain et al. concluded that T2-weighted hyperin-
tesity has no additional value in the identification 
of small HCC, due to very heterogeneous signal 
intensity of surrounding liver parenchyma.107 In 
contrast, many other investigators reported that 
addition of T2-weighted images to dynamic con-
trast enhanced images significantly improves de-
tection of HCC.87,88 In this regard, HCCs are seen 
as slightly hyperintense lesions, while arterioportal 
shunts are isointense with surrounding liver tis-
sue.43 Additionally, the majority of these atypical 
HCCs are hypointense on HBP phase indicating 
the lack of functional hepatocytes. Very rarely this 
atypical vascular profile can occur in large HCCs 
(Figure 4). In such cases hypointensity on HBP is 

FIGURE 3. Hypervascular hepatocellular carcinoma (HCC) without washout in 64-year old man with cirrhosis. Axial T2-weighted fat-
suppressed image shows hyperintense nodule (arrow) in liver segment VIII (A). On arterial phase the nodule (arrow) is hypervascular 
(B) without washout on portal-venous phase (C). On hepatobiliary phase the nodule (arrow) is hypointense (D) and on diffusion-
weighted image it is hyperintense (E). Hematoxylin and eosin (H&E) staining showed moderately-differentiated HCC; original 
magnification x 200 (F).



Radiol Oncol 2021; 55(2): 130-143.

Djokic Kovac J et al. / Hepatocellular carcinoma with atypical vascular pattern138

the most useful sequence for distinction from other 
hypervascular benign lesions, such as focal nodu-
lar hyperplasia. Since arterial enhancement and 
HBP hypointensity are two strongest markers of 
malignancy in cirrhotic patients, a nodule with ar-
terial hypervascularity, even without wash-out in 
portal-venous or delayed phase, but hypointense 
in the HBP, should be highly suspicious of HCC. 
Another diagnostic problem could be the distinc-
tion between these atypically enhancing HCCs, and 
small hemangiomas in liver cirrhosis.108 Namely, 
in cirrhotic parenchyma small hemangiomas can 
shrink, and become fibrotic and hyalinized, which 
influences their signal intensity on T2-weighted 
images. Moreover, similar to HCCs, hemangiomas 
are hypointense in HBP. In this context Semelka 
et al. reported that accurate differential diagnosis 
among small HCCs and hepatic hemangioma less 
than 15 mm can not be made on the basis of imag-
ing criteria.109 

HBP hyperintense hepatocellular 
carcinoma

According to molecular changes during hepato-
carcinogenesis, HCCs should typically show hy-
pointensity on HBP. The signal intensity of HCC 
on HBP is strongly correlated to the expression of 
uptake transporter OATP8.110 It is well known that 

during hepatocarcinogenesis the progressive de-
crease in OATP8 expression occurs, thus influenc-
ing the enhancement ratio of cirrhotic nodules in 
the HBP.70,111 Nevertheless, in 10% of HCCs para-
doxical uptake of hepatospecific contrast agent 
may occur.70 This can partly be explained by re-
sidual functional hepatocytes expressing OATP8 
receptors in well-differentiated lesions.70 However, 
in the study by Asayama et al. Gd-EOB-DTPA up-
take did not correlate with tumor differentiation.112 

In addition, these authors have shown that uptake 
of Gd-EOB-DTPA was significantly correlated with 
the maintenance of bile production. Similar results 
were published by Choi et al. who have shown that 
among 28 tumors showing iso- or hyperintensity 
on HBP, only 10 were well-differentiated HCCs 
(35.7%), while 16 were moderately (57.1%), and 
two were poorly differentiated lesions (7.1%).97 
A few recent studies have shown that gadoxetic 
acid uptake in HCCs can be the result of genetic 
mutations and reversion to their original hepato-
cyte nature during neoplastic transformation.113,114 
Namely, in some moderately or even poorly dif-
ferentiated lesions OATP8 receptor expression 
can increase due to genetic alterations, followed 
by decrease in MRP expression.115-117 In contrast 
to normal hepatocytes where excretion of gadox-
etic acid occurs via MRP2 transporters localized on 
canalicular side, in hepatobiliary phase iso- orhy-
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FIGURE 4. Hypervascular hepatocellular carcinoma (HCC) without washout in 44-year old man with non alcoholic fatty liver disease. Axial T2-weighted 
fat-suppressed image shows moderately hyperintense lesion (arrow) in segment VI (A). Dual-echo images show that tumor (arrows) is isointense on in-
phase image (B) without signal drop on opposed-phase image, while background liver parenchyma shows diffuse signal drop as a consequence of 
fatty liver disease (C). The lesion (arrows) is hyperintense on diffusion-weighted image (D), hypevascular on arterial phase (E) without washout on portal-
venous phase (F). On hepatobiliary phase the tumor (arrow) is hypointense (G). Hematoxylin and eosin (H&E) staining showed moderately-differentiated 
HCC with very dilatated sinusoidal network; original magnification x 200 (H).
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perintense HCCs the main pathway of excretion 
is through MRP3 on sinusoidal side.116 Therefore, 
HBP iso- or hyperintensity in HCCs does not indi-
cate well-differentiated lesion, but rather suggest 
different genetic subtype of HCC.66,69 Although 
differentiation of the tumor cannot be predicted 
by signal intensity on hepatobiliary phase, Choi 
et al. have demonstrated that HBP hyperintense 
HCCs showed significantly higher differentiation 
grades, less frequent portal vein invasion, and 
lower recurrence rate.97 Moreover, patients with 
hyperintense HCCs showed longer survival than 
those with hypointense HCCs.97 All these findings 
suggest that HBP hyperintense HCCs are probably 
a particular form of HCC with biologically less ag-
gressive features in comparison to HBP hypoin-
tense HCCs.118,119 Interestingly, the AFP levels were 
shown to be significantly higher in hypointense 
HCCs than in hyperintense HCCs.110,116

          However, there are no data in the previous 
literature about behaviour of HBP hyperintense 
HCCs in portal venous phase, whether they dem-
onstrate washout or not. Although most reported 
cases show typical vascular profile, rarely HCCs 
hyperintense in HBP lack portal-venous or delayed 
phase washout (Figure 5).74 The incidence of such 
nodules is very low, less than 3%.74 In such cases 

differential diagnosis towards benign lesions, such 
as large regenerative nodules (LRNs), and focal 
nodular hyperplasia is very challenging.120 LRNs 
are hyperplastic lesions, 5 mm to 5 cm in diameter, 
associated with cirrhosis, Budd–Chiari syndrome, 
certain forms of congenital heart disease, and other 
conditions.121,122 LRNs are typically hypervascu-
lar in arterial phase, without washout in portal-
venous or delayed phase, iso- or hyperintense in 
HBP.121 The distinction between LRNs and atypi-
cally enhancing HCCs showing hyperintensity on 
HBP, requires detailed analysis of other MRI fea-
tures, such as T2-weighted, T1-weighted, and DWI 
signal intensity.122 While HCCs are usually slightly 
hyperintense on T2-weighted images, hypointense 
on T1-weighted images with restricted diffusion, 
LRN and FNH are isointense on both T2- and 
T1-weighted images, without DWI hyperinten-
sity.120,121 If there is any doubt, rigorous follow-up 
is required, and if nodule grows a biopsy is recom-
mended.

Conclusions

The diagnosis of HCC is straightforward when 
typical imaging features are present. Nonetheless, 

FIGURE 5. Hepatocellular carcinoma (HCC) in 73-year old man with alcoholic cirrhosis. Axial T2-weighted fat-suppressed image 
shows slightly hyperintense well-defined nodular lesion (arrow) in segment VII (A). The lesion (arrows) is hypervascular on arterial 
phase (B) without washout on portal-venous phase (C). On hepatobiliary phase the tumor (arrow) is strongly hyperintense (D) with 
hyperintensity on diffusion-weighted image (E). Hematoxylin and eosin (H&E) staining showed well-differentiated HCC; original 
magnification x 200 (F).
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due to complexity of hepatocarcinogenesis, HCC 
can present with atypical vascular profile, espe-
cially in small lesions, including iso- or hypovascu-
lar nodules without arterial hypervascularity, and 
hypervascular lesions without washout in portal-
venous phase. Additionally, there are HCCs with 
high signal intensity in HBP. In order to correctly 
characterize these lesions ancillary features such as 
T2-weighted hyperintensity, diffusion restriction, 
hepatobiliary phase hypointensity together with 
other MRI characteristics should be carefully ex-
amined. Even though these atypical presentations 
are rare, it is important to recognize them in order 
to provide the patients optimal and timely treat-
ment. 
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Background. Endometrial cancer (EC) represents a high health burden in Slovenia and worldwide. The incidence is 
increasing due to lifestyle and behavioural risk factors such as obesity, smoking, oestrogen exposure and aging of the 
population. In many cases, endometrial cancer is diagnosed at an early stage due to obvious signs and symptoms. 
The standard treatment is surgery with or without adjuvant therapy, depending on the stage of the disease and the 
risk of recurrence. However, treatment modalities have changed in the last decades, considerably in the extent of 
lymphadenectomy. 
Conclusions. The gold standard of treatment for is surgery, which may be the only treatment modality in the early 
stages of low-grade tumours. In recent years, a minimally invasive approach with sentinel node biopsy (SNB) has 
been proposed. A conservative approach with hormonal treatment is used if fertility preservation is desired. If EC is in 
advance stage, high-risk histology, or high grade, radiotherapy, chemotherapy, or a combination of both is recom-
mended. 
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Introduction

Endometrial cancer (EC) is the most common gy-
naecological cancer in Slovenia and worldwide. 
Due to the rapid onset of symptoms and good 
diagnostic possibilities, the majority of cases are 
diagnosed at an early stage of the disease, which 
provides good treatment prospects and high over-
all survival rate.1 

EC is the fifth most common cancer among wom-
en in Slovenia. The average number of new cases 
per year in 2013–2017 was 305 (29.5/100,000 women) 
and 61 women died (5.9/100,000 women). EC in 90% 
of cases occurs in women over the age of 50. The 
median age at diagnosis is 63 years.2 Approximately 
4% of patients diagnosed with EC are under 40 
years of age and wish to preserve their fertility.3 

In most cases, EC is diagnosed at the early stag-
es of the disease (80% in FIGO stage I ), with a five-

year overall survival rate of over 95%. However, if 
the disease is locally advanced or distant metasta-
ses are present, the five-year overall survival rate 
is 68% for locally advanced disease and 17% for 
distant metastases.4 In early stage of the disease, 
surgery alone is the gold standard of treatment. 
In advanced stage of EC, adjuvant therapy is of-
ten suggested, but is not standardized. Adjuvant 
therapy may include chemotherapy, radiotherapy, 
or a combination of both.5 In this article we give an 
overview of the surgical treatment for EC.

Classification

EC, which accounts for about 98% of cancers of 
the uterine body, can be divided into two groups 
according to clinical and pathological characteris-
tics.
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EC type I generally has a favorable prognosis. 
Most tumors in this group are endometrioid carci-
nomas, but mucinous carcinomas are also included 
in this group. Type I carcinomas are the result of 
long-term exposure to estrogen without proges-
terone. They arise from endometrial hyperplasia 
or endometrial intraepithelial neoplasia (EIN). In 
most cases they are well differentiated and are usu-
ally detected at an early stage of the disease. Most 
risk factors are related to estrogen exposure. Risk 
factors include obesity, hormone replacement ther-
apy, polycystic ovary syndrome, early onset of me-
narche and late menopause. The most important 
risk factor is obesity, which increases the relative 
risk by 2.54.6 Women who are unable to conceive 
or have never given birth are also at higher risk.7 
The use of combined oral contraceptives reduces 
the incidence of EC.8

EC type II are aggressive tumours with a worse 
prognosis. This group includes serous, clear cell, 
neuroendocrine, mixed-cell, undifferentiated and 
dedifferentiated endometrial carcinomas and car-
cinosarcoma. Type II carcinomas are not related to 
the action of oestrogen. They occur in the atrophic 
endometrium and are by definition highly malig-
nant or high-grade tumors.7,9

All tumours must be histologically verified. 
Endometrioid carcinomas, which account for 75% 
of EC, are classified by nuclear grade and architec-
tural pattern.10 If the tumour has less than 5% of 
the solid growth pattern, the tumour is classified as 
grade 1. If 6–50% of  solid growth patterns are pre-
sent, the tumour is classified as grade 2 and grade 
3 if it accounts for more than 50% of solid growth 
patterns.

Mucinous adenocarcinomas have a mucinous 
appearance in more than 50% of the tumour. They 
usually have a favourable prognosis. Serous carci-
nomas have a papillary architecture with atypical 
mitosis and nucleolus. Clear cell adenocarcinomas 
have the worst prognosis and different histological 
patterns, from papillary, glandular to tubulocystic 
and diffuse. Mixed cell carcinomas combine two or 
more pure types. In undifferentiated carcinomas 
there is no differentiation.11

Genetic predisposition

EC may also occur in association with various he-
reditary syndromes or inherited genetic disorders. 
2–3% of EC occur in women with Lynch / Hereditary 
Non-Polyposis Colorectal Cancer syndrome.12 EC 
is caused by germline mutations in mismatch re-

pair (MMR) genes, namely MLH1, MLH2, MSH6, 
and PMS2. People with Lynch syndrome have a 
10–80% risk of developing colorectal cancer by age 
70 and a 15–60% risk of developing endometrial 
cancer by age 70.13 Lynch syndrome carriers are di-
agnosed with EC at an early age (60% between the 
ages of 44 and 62).14 Screening colonoscopy every 
1 to 2 years for women with Lynch syndrome is 
part of the recommendations. The importance of 
screening endometrial biopsy every 1–2 years after 
the age of 30–35 years still needs to be proven but is 
recommended by National Comprehensive Cancer 
Network (NCCN Guidelines Genetic/Familial 
High Risk Assessment: Colorectal, Version 1.2020, 
Lynch syndrome).15 Prophylactic hysterectomy 
with bilateral salpingo-oophorectomy is recom-
mended in women who have completed childbear-
ing.4,16 Cowden syndrome is another, much rarer 
hereditary cause of EC. A germline mutation in the 
tumour suppressor PTEN gene is present.17 

Surgical treatment

The diagnosis of EC must be made before surgery. 
It can be made by pipelle aspiration, by dilatation 
of the cervix and curettage or by hysteroscopy with 
biopsy of the endometrium. Today, hysteroscopy 
is the most commonly used procedure. There is 
some evidence of an increased risk of intraperito-
neal spread of malignant cells into the abdominal 
cavity. The reason for this could be the use of dis-
tension fluid.18–20 

The standard treatment for EC is surgery, where 
minimally invasive surgery has become increas-
ingly prevalent in recent years.21 Randomised trials 
comparing laparoscopy and laparotomy for surgi-
cal staging of EC reported no difference in detec-
tion of overall disease at advanced stages, equal 
or fewer intra- and postoperative complications 
with laparoscopic approach and shorter hospital 
stays.22,23 

The standard approach for the treatment of ear-
ly stages EC (FIGO stages IA–IIA) is surgical, with 
removal of the uterus, ovaries, fallopian tubes and 
with or without sentinel node biopsy (SNB). The 
approach can be by laparotomy or minimally in-
vasive by laparoscopy or robotic-assisted laparos-
copy. Studies have shown that obese patients and 
patients with comorbidities also benefit from lapa-
roscopic approach.24,25

Young premenopausal patients under 40 years of 
age usually have early stage disease and low-grade 
tumours.26 Artificially induced menopause and its 
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consequences should be avoided. Therefore, ovar-
ian preservation should be considered in selected 
cases. Retrospective studies and meta-analysis 
have shown no effect on overall survival if the ova-
ries are left in situ in selected cases at early stages 
EC. However, synchronous malignant ovarian tu-
mors must be excluded.27,28

Lymphadenectomy has its role in staging of 
EC. However, there is still no consensus on the 
therapeutic value, indications and extent of the 
procedure (pelvic, para-aortic to the inferior mes-
enteric artery or para-aortic to the left renal vein). 
The sentinel lymph node is the first lymph node in 
the lymphatic basin into which the lymph of the 
primary tumour drains. Histologic examination 
of the sentinel lymph node is representative of all 
other lymph nodes in the area, and a histologically 
negative sentinel lymph node signifies the absence 
of metastases in other non-sentinel lymph nodes. 
Indocyanine green (ICG) solution is applied to the 
cervix, which then fluoresces in infrared light so 
that the lymphatic pathway can be followed until it 
enters the sentinel lymph nodes.29 ICG solution is 
injected superficially into the cervix at 2 or 4 points 
(at 3, 6, 9 and 12 o’clock), 1-3 mm below the mucosa. 
Optionally, the solution can be injected deeper, 1–2 
cm into the cervical stroma. This allows excellent 
redistribution of ICG solution around the uterine 
vessels and lymphatic basin of the parameterium 
and broad ligament. SNB is performed in the early 
stage EC, with no suspicious lymph nodes and/or 
extrauterine spread on imaging.30 

SNB is an intermediate step between the omis-
sion of radical lymphadenectomy and the renun-
ciation of lymphadenectomy. In 2017, FIRES multi-
centre prospective study showed that the use of the 
SNB procedure can safely replace lymphadenecto-
my in the early stage EC.31

While SNB can be falsely negative and fails to 
detect metastases in 3% of cases, the procedure has 
the potential to expose fewer patients to the mor-
bidity of a complete lymphadenectomy.31

The risk rate for regional lymph node seeding 
in the group of patients with low and intermedi-
ate risk EC is approximately 1.4%.32,33 The risk that 
would justify a pelvic lymphadenectomy should 
reach at least 3%, so in most cases routine pelvic 
lymphadenectomy is not recommended in this 
group of patients.4

Part of the surgical treatment of high- risk EC 
is also a complete pelvic and para-aortic lymphad-
enectomy with the upper border to the left renal 
vein.4 In two retrospective studies, it was observed 
that the overall survival of patients with the re-

moval of more than 10–12 pelvic lymph nodes was 
longer.34,35 It is important to remember that in 7–8% 
of cases para-aortic lymph nodes may also be posi-
tive even if the pelvic lymph nodes are negative.36,37 
Therefore, removal of both pelvic and para-aortic 
lymph nodes is recommended in high-risk EC.4,36 

In non-endometrioid and other high- risk histo-
logic types, omentectomy is also performed as part 
of the staging procedure. Studies have shown long-
er progression-free survival and overall survival in 
patients in whom complete or optimal cytoreduc-
tion has been achieved.38

Radiotherapy for inoperable 
endometrial cancer

In 3–9% of patients, surgery is not an option due 
to medical comorbidities, advanced age, or patient 
refusal of surgery. Non-surgical treatment, such 
as radiotherapy, is available as an alternative for 
this group of patients. It can be used in early or ad-
vanced stage EC.39 Treatment includes brachyther-
apy alone or in combination with external- beam 
radiotherapy (EBRT).4 

Patients with low grade and stage I EC can be 
treated with brachytherapy alone. Recurrence usu-
ally occurs in vaginal vault, which supports the 
idea of omitting EBRT. EBRT is part of the treat-
ment regimen for patients with indications for lym-
phadenectomy (tumor grade II and III and high- 
risk histology). Patients with stage II-IV disease, 
regardless of grade, should receive a combination 
of EBRT and brachytherapy. Overall survival rate 
ranges from 70% to 80% among inoperable popula-
tion.39 

Adjuvant treatment
Risk groups for the use of adjuvant 
therapy

The classification system for patients with EC di-
vides patients into six groups, namely low-, inter-
mediate-, high-intrmediate-, high risk, advanced 
and metastatic. The system is based on surgical 
and clinicopathologic prognostic factors and indi-
cates the prognosis, the disease recurrence rate and 
determines the indications for further adjuvant 
treatment.4 Lymph node metastases are the most 
important prognostic factor causing increased risk 
of relapse and a higher mortality rate.40,41

Low risk EC are considered, endometriod can-
cers, stage I, grade 1 and 2 with less than 50% myo-
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metrial invasion and no limfovascular invasion. 
The risk of locoregional recurrence is less than 3% 
in this group, and therefore adjuvant treatment not 
recommended.4,42

Intermediate risk EC are considered endome-
trioid cancers, stage I, grade 1 and 2, with 50% or 
more myometrial invasion and no limfovascular 
invasion. Adjuvant brachytherapy is recommend-
ed to decrease the vaginal recurrence rate. No adju-
vant therapy is an option in patients younger than 
60 years.4

High-intermediate risk EC are stage I, grade 3 
endometrioid carcinomas with less than 50% myo-
metrial invasion, with positive or negative limfo-
vascular invasion. This group also includes stage 
I, grade 1 and 2 endometrioid carcinomas with 
positive limfovascular invasion, regardless of the 
depth of myometrial invasion.4 Without adjuvant 
treatment, the 5-year recurrence rate in this group 
is up to 25%.43

High risk EC are stage I endometrioid carci-
nomas, grade 3 with 50% or more myometrial 
invasion, all stage II and III carcinomas with no 
residual disease after primary cyoreduction, and 
all other non-endometrioid histologies.4 In this 
group, adjuvant radiotherapy of the whole pelvis 
is standard. In stage IIIC2 (involvement of para-
aortic lymph nodes with or without positive pelvic 
lymph nodes) extended field radiotherapy should 
be considered. The 5-year overall survival rate is 
only 20-60% due to the higher recurrence rate and 
higher rate of distant metastases.44

Radiotherapy is most commonly used as ad-
juvant therapy for intermediate- to high-risk car-
cinomas.45 Chemotherapy is used as postopera-
tive treatment for high-risk stage I and II disease, 
stage III and IV disease or as primary treatment 
for unresectable advanced, metastatic, or recur-
rent disease.5 The combination of carboplatin and 
paclitaxel is considered first- line chemotherapy. 
The purpose of chemotherapy is to prevent the oc-
currence of distant metastases, and the purpose of 
concomitant chemotherapy and radiation is to re-
duce the likelihood of local recurrence.5,12,46

Preservation of fertility

EC is rather rare in younger patients, usually with a 
lower stage and grade, and therefore with a favora-
ble prognosis and a higher 5-year survival rate.47,48 
Approximately 4% of patients with EC are under 
40 years of age at the time of diagnosis and have a 
desire to preserve their fertility.47 They are still at 

reproductive age and are postponing motherhood. 
After careful consideration and counselling, select-
ed patients can be treated conservatively with oral 
progestin, preserving the uterus and ovaries. This 
treatment is only possible in women with endome-
trioid type EC, grade 1, in whom the tumour is con-
fined to the endometrium without evidence of my-
ometrial invasion or spread of disease outside the 
uterus. Selected patients must have a strong desire 
for fertility preservation and an age of less than 40 
years.47,49 Patients should be clearly informed that 
this is not a standard treatment approach. Strong 
and diffuse immunohistochemical expression of 
progesterone receptors on endometrial specimens 
is a reliable predictor of remission, but 50% of pa-
tients with negative progesterone receptors also 
achieve remission.50 The most important predic-
tive factor for outcome is tumour stage. There is no 
optimal method to determine the stage of the dis-
ease before conservative treatment. Clinical stag-
ing of EC remains a challenge. The gold standard 
for staging remains surgery.51 Histologic type and 
grade of tumour should be confirmed by fraction-
al abrasion or hysteroscopy. Magnetic resonance 
imaging of the abdomen should be performed to 
more accurately determine the depth of invasion 
into the myometrium and the possible extrauterine 
extent of the disease. If the evaluation is still incon-
clusive, exploratory laparoscopy with peritoneal 
lavage, SNB, and ovarian biopsy should be consid-
ered. There is still a 5–30% chance that the tumour 
is higher grade or more widespread than indicated 
by the tests.51,52 

Medroxyprogesterone acetate and megestrol 
acetate are the most commonly used oral proges-
tin for conservative treatment of EC. Cyclic (14 
days every month) or continuous different dos-
ing regimens are used.4 In the study published by 
Kallogianidis and Agorastos, the overall response 
rate to oral progestin was 73% and the relapse rate 
was 36%.48 Levonorgestrel-releasing intrauterine 
device is an alternative to oral progestin for the 
conservative treatment of EC. The study published 
by Pal et al. showed similar recurrence and relapse 
rates to oral progestin.53 Patient response to treat-
ment should be assessed every 3–6 months with 
cervical dilatation and curettage. If EC recurrence 
occurs after initial response, hysterectomy should 
be suggested.4 

Total hysterectomy with bilateral tubectomy is 
also recommended after childbearing has been ter-
minated, even if complete response to conservative 
treatment has been achieved, as risk factors often 
persist after treatment has ended.49
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Follow-up

After completion of primary treatment, women 
undergo long-term follow-up. The aim of routine 
follow-up is to detect recurrence and spread of the 
disease before clinical symptoms appear. Early de-
tection of recurrence allows better treatment mo-
dalities to be offered with higher survival rates. 
Most recurrences occur in the first two years after 
primary treatment. EC metastases are often found 
in the vaginal vault, suburethral, pelvis, upper 
abdomen, and lungs. Regular follow-up appoint-
ments also allow the gynaecological oncologist to 
assess the physical and psychological consequenc-
es of treatment.54 

Conclusions

Due to the high incidence of EC, it must be taken 
into account that primary prevention is important, 
especially the reduction of oestrogen exposure. 
Considered use of hormone replacement therapy 
has halted the growing trend of EC in recent years. 
The gold standard of EC treatment is surgery, 
which may be the only treatment modality for 
early stage, low- grade tumours. In recent years, a 
minimally invasive approach with SNB has been 
introduced. In high grade EC, high-risk hystolo-
gies or advanced stage EC adjuvant treatment is 
recommended. Radiotherapy, chemotherapy or a 
combination of both is applicable. 

When EC affects younger women, hereditary 
syndromes must be considered. A conservative ap-
proach with hormonal treatment is used if fertility 
preservation is desired.

Regular follow-up by an experienced gynaeco-
logical oncologist is crucial for early detection of 
EC recurrence
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Background. Immunotherapy has become a cornerstone of the modern cancer treatment. It might be crucial to 
predict its expression non-invasively by imaging. The present study used diffusion-weighted imaging (DWI) quantified 
by whole lesion apparent diffusion coefficient (ADC) values to elucidate possible associations with programmed cell 
death ligand 1(PD-L1) expression in head and neck squamous cell cancer (HNSCC).
Patients and methods. Overall, 29 patients with primary HNSCC of different localizations were involved in the study. 
DWI was obtained by using a sequence with b-values of 0 and 800 s/mm2 on a 3 T MRI. ADC values were evaluated 
with a whole lesion measurement and a histogram approach. PD-L1 expression was estimated on bioptic samples 
before any form of treatment using 3 scores, tumor positive score (TPS), immune cell score (ICS), and combined posi-
tive score (CPS).
Results. An inverse correlation between skewness derived from ADC values and ICS was identified (r = -0.38, p = 
0.04). ADCmax tended to correlate with ICS (r = -0.35, p = 0.06). Other ADC parameters did not show any association 
with the calculated scores.
Conclusions. There is a weak association between skewness derived from ADC values and PD-L1 expression in 
HNSCC, which might not be strong enough to predict PD-L1 expression in clinical routine. Presumably, ADC values are 
more influenced by complex histopathology compartments, comprising cellular and extracellular aspects of tumors 
than only of a single subset of tumor associated cells.

Key words: head and neck squamous cell cancer; apparent diffusion coefficient; diffusion weighted imaging; pro-
grammed cell death ligand 1

Introduction

Head and neck squamous cell carcinoma (HNSCC) 
is one of the most frequent malignancies.1 Modern 
functional imaging modalities, comprising dif-
fusion-weighted imaging (DWI) and Dynamic-

contrast enhanced MRI provide further insight 
into tumor microstructure.2 With these approach-
es, several diagnostic and prediction aspects were 
made possible, including the prediction of several 
histological features in tumors, treatment success 
and new prognostic.2-5
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DWI assesses random-water motion in tissues, 
namely Brownian molecular movement and can 
be quantified by apparent diffusion coefficient 
(ADC).3,5 This water movement is hindered pre-
dominantly by cellularity and thus it is a well-
known fact that ADC values are inversely correlat-
ed with cell count with yet different results across 
several tumor entities.5 However, ADC values are 
not only associated with cellularity, but also with 
other histopathologic features, such as prolifera-
tion potential, neoangiogenesis, tumor invading 
lymphocytes or extracellular matrix. This was also 
shown for HNSCC.6-9

Recently, various studies elucidated further as-
sociations of ADC values and tumor characteristics 
in oncology. ADC values aid in diagnostic pur-
poses, as benign tumors have significantly higher 
ADC values than malignant tumors. This was also 
reported for head and neck lesions.10-12 Another 
important aspect is treatment prediction. A higher 
pretreatment ADC value and, therefore, presuma-
bly a tumor with a lower cell density and a less ma-
lignant tumor biology, is an independent favorable 
prognostic factor to chemotherapy and radiochem-
otherapy.13-15 Moreover, ADC values are indepen-
dently associated with overall prognosis.13-15

There is a growing interest in targeting im-
mune modulatory checkpoints, especially the pro-
grammed cell death protein 1 (PD-1) around on-
cology.16 It is a transmembrane protein that is fre-
quently expressed on the surface of T-lymphocytes. 

Programmed cell death ligand 1 (PD-L1) is a trans-
membrane protein, which is physiologically ex-
pressed at low levels in several cells, such as vas-
cular, endothelial and immune cells. Interestingly, 
it can be highly expressed in neoplastic cells.16 The 
binding of PD-L1 to PD-1 forms an immunologi-
cal situation that can impair the proliferation and 
the function of the immune cells against the tumor. 
That is why high expression of PD-L1 enables can-
cer cells to escape from immunologic response.16

Immunotherapy was stated as a new paradigm 
shift in HNSCC treatment.17 Moreover PD-L1 ex-
pression on immunohistochemical specimen was 
shown to predict progression free survival in in 
advanced HNSCC stages and can predict metasta-
ses.18-20

However, it is unclear, whether ADC values 
derived from MRI are associated with the amount 
of PD-L1 stained tumor cells and the associated 
PD-L1 stained immune cells and not only with the 
whole tumor cellularity of the lesion, which might 
not be as clinically relevant as to predict several 
subtypes of cells. 

Therefore, the present study sought to elucidate 
possible associations between ADC values derived 
from MRI and the amount of PD-L1 stained tumor 
parts including tumor cells and immune cells with-
in the tumor.

Patients and methods

This study is a retrospective analysis of a pro-
spectively acquired patient sample of consecu-
tive HNSCC patients undergoing MRI evaluation 
for staging purposes. It was approved by the in-
stitutional review board (Ethic committee of the 
University of Leipzig, study codes 180-2007, 201-
10-12072010, and 341-15-05102015) and every pa-
tient gave their written consent.

Patients

Overall, 29 patients with primary HNSCC of dif-
ferent localizations were involved in the study. 
There were 8 (27.6%) women and 21 (72.4%) men 
with a mean age of 55.2 ± 10.8 years, range 33 - 77 
years. The patients received no specific treatment 
before the MRI.

Table 1 gives an overview of the included pa-
tients. In 12 patients (37.5%) moderately differenti-
ated tumors (G2), and in 17 cases (62.5%) poorly 
differentiated carcinomas (G3) were diagnosed. 
The identified tumors were staged as T2 in 6 pa-

TABLE 1. Overview of the included patients

Localization n (%)

   Tonsil 7 (24.1)

   Tongue 7 (24.1)

   Hypopharynx 6 (20.7)

   Oropharynx 5 (17.2)

   Larynx 4 (13.9)

Grading

   Moderate (G2) 12 (37.5)

   Poor (G3) 17 (62.5)

Stage

   T2 6 (20.7)

   T3 10 (34.5)

   T4 13 (44.8)

Nodal status

   Nodal positive 25 (86.2)

   Nodal negative 4 (13.8)
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tients (20.7%), T3 in 10 patients (34.5%), and as T4 
in 13 cases (44.8%). Most patients (n = 25, 86.2%) 
had nodal metastases.

DWI

DWI was obtained by using an axial EPI (echo pla-
nar imaging) sequence with b-values of 0 and 800 s/
mm2 (TR/TE: 8620/73 ms, slice thickness 4 mm, and 
voxel size 3.2 × 2.6 × 4.0 mm) on a 3T MRI scan-
ner (Siemens Biograph mMR; Siemens Healthcare, 
Erlangen, Germany) within a routinely acquired 
MRI protocol. ADC maps were automatically gen-
erated by the implemented software. DWI data 
was processed with a custom-made Matlab-based 
application (The Mathworks, Natick, MA, USA). 
On the ADC maps a volume of interest was manu-
ally drawn at tumor boundary in accordance to the 
T1-weighted contrast enhancing tumor areas using 
all slices, as performed before.8,9 All measures were 
performed by one experienced author (AS, 16 years 
of general radiological experience and 6 years of 
experience on the field of head and neck radiology) 
blinded to the histopathology results. The follow-
ing histogram parameters were calculated: mean, 
maximum, minimum, median, mode, 10th, 25th, 75th 
and 90th percentile as well as kurtosis, skewness 
and entropy. 

PD-L1 expression analysis

The histopathology analysis was performed by an 
experienced board-certified pathologist blinded 
to the imaging results. PD-L1 expression was ret-
rospectively evaluated by using an immunohisto-
chemistry (IHC) assay, a routinely used version 
of PD-L1 (SP142) IHC assay (Roche Diagnostics, 
68305 Mannheim, Germany). The staining protocol 
used in this study was as described in the instruc-
tions for the approved commercial assay. The as-
say was used to determine PD-L1 expression on tu-
mor samples derived from clinical pretherapeutic 
bioptic specimen of the primary tumor. The biopsy 
was performed before the MRI within a short time 
interval of a few days. Three scoring methods were 
used to assess the immunohistochemical expres-
sion. Firstly, only the amount of positive tumor 
cells were scored, tumor proportion score (TPS). Of 
note, membrane as well as cytoplasmatic staining 
was assessed as positive. Secondly, the immune 
related cells comprising macrophages and lym-
phocytes were assessed, immune cell score (ICS). 
Finally, a combined positive score (CPS) of both 
was calculated. For all scores, the amount of posi-

tive cells was calculated in relation to tumor cells 
multiplied by 100. All calculations were made on 
20-fold magnification.

Statistical analysis

Statistical analysis was performed using performed 
using GraphPad Prism 5 (GraphPad Software, La 
Jolla, CA, USA). Collected data were evaluated by 
means of descriptive statistics. Mean values were 
stated with standard deviation in all instances. 
Spearman’s correlation coefficient (r) was used to 
analyze associations between investigated param-
eters. A two-sided Mann-Whitney-Test was used to 
test between groups. P-values < 0.05 were taken to 
indicate statistical significance.

Results

Table 2 summarizes the investigated ADC histo-
gram parameters. 

For the PD-L1 expression of the TPSa mean val-
ue of 3.1 ± 14.8 was identified. Overall, 23 tumors 
(79.3% of all patients) showed no expression. 

Furthermore, for the PD-L1 expression of the 
CPS a mean value of 4.7 ± 14.0 was identified and 
13 tumors (45.0%) showed no expression.

Finally, for the PD-L1 expression of the ICS a 
mean value of 2.5 ± 3.8 was identified. 13 patients 
(45.0%) showed no expression.

TABLE 2. Overview of the investigated apparent diffusion 
coefficient (ADC) histogram parameters

Parameter Mean ± standard 
deviation, x10-3 mm²/s

Range,  
x10-3 mm²/s

Mean 1.14 ± 0.22 0.78-1.68

Min 0.70 ± 0.25 0.17-1.24

Max 1.78 ± 0.32 1.35-2.39

P10 0.90 ± 0.21 0.54-1.41

P25 1.0 ± 0.21 0.64-1.50

P75 1.27 ± 0.24 0.87-1.82

P90 1.41 ± 0.26 0.94-2.03

Median 1.12 ± 0.22 0.76-1.64

Mode 0.97 ± 0.28 0.78-1.55

Kurtosis 3.74 ± 1.40 2.23-7.93

Skewness 0.49 ± 0.49 -0.54-1.49

Entropy 2.44 ± 0.49 1.67-3.75

P = percentile
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There was a moderate correlation between TPS 
and CPS (r = 0.57, p = 0.0015) and ICS (r = 0.57, p = 
0.016). There was a strong correlation between ICS 
and CPS (r = 0.95, p < 0.001).

Regarding associations between ADC histogram 
parameters and PD-L1-expression scores, there 
was only one weak correlation identified between 
skewness and ICS (r = -0.38, p = 0.04). ADCmax tend-
ed to correlate with ICS (r = -0.35, p = 0.06). For TPS, 

the best association was identified withADCp25 
(r= -0.36, p = 0.052).

In discrimination analysis there were no signifi-
cant differences between TPS negative and positive 
tumors in regard of ADC histogram parameters. 

In tumors with high expression of ICS (5–15 
points) skewness was significantly lower than in 
lesions without ICS expression, 0.09 ± 0.26 vs. 0.56 
± 0.51 (p = 0.025), respectively. Other parameters 
did not differ significantly.

FIGURE 1. Representative case with a negative programmed cell death ligand 1 (PD-L1) score. (A) Postcontrast T1-weighted image 
shows a large enhancing tumor of the right tongue base (arrow). A large lymph node metastasis on the right side can also be 
appreciated. (B) Apparent diffusion coefficient (ADC) map of the same slide. Both lesions show a marked hypointensity consistent 
with a diffusion restriction. The tumor (arrow) is surrounded with a region of interest, which is drawn on every tumor showing slide 
within the margins of the tumor in accordance to the corresponding T1-weighted images. (C) The resulting ADC histogram of the 
tumor. The histogram analysis parameters (× 10-3 mm²/s) are as follows: ADCmin = 0.79, ADCmean = 1.38, ADCmax = 2.05, P10 
= 1.05, P25 = 1.19, P75 = 1.53, P90 = 1.78, median = 1.35,mode = 1.27, kurtosis = 2.61, skewness = 0.41 and entropy = 2.44. (D) The 
corresponding PD-L1 stained specimen. No staining can be appreciated resulting in a value of 0 in all calculated scores.

A B

C D



Radiol Oncol 2021; 55(2): 150-157.

Meyer HJ et al. / ADC histogram analysis parameters and PD-L 1-expression154

Discussion

This study sought to elucidate associations be-
tween DWI and PD-L1-expression in HNSCC. As 
shown, a moderate association between skewness 
derived from ADC values and the immune cell 
score was identified.

There is increasing body of evidence that differ-
ent ADC values are capable to reflect tumor micro-

structure.3-5 Thus, results pooled out of many tu-
mor entities suggests that there is an overall mod-
erate inverse correlation between ADC values and 
tumor cellularity.5

Beyond that, there are several studies, which 
emphasized the fact that ADC values can also pre-
dict several biological features of tumors, such as 
neoangiogenesis and proliferation potential.4,6-8 

Regarding proliferation potential, an overall mod-

FIGURE 2. Representative case with a positive programmed cell death ligand 1 (PD-L1)  score. (A) On the postcontrast T1-weighted 
image a large enhancing tumor of the side within the right palatine tonsil (arrow). Susceptibility artifacts due to dental material can 
also be appreciated. (B) Apparent diffusion coefficient (ADC) map on the corresponding slide. A marked hypointensity can be 
seen consistent with a diffusion restriction. (C) The resulting ADC histogram of the tumor. The histogram analysis parameters (× 10-3 
mm²/s) are as follows: ADCmin = 0.51, ADCmean = 0.78, ADCmax = 1.36, P10 = 0.63, P25 = 0.69, P75 = 0.87, P90 = 0.94, median = 0.76, 
mode = 0.69, kurtosis = 4.57, skewness = 0.72, and entropy = 2.41. (D) The corresponding PD-L1 stained specimen. A weak staining of 
PD-L1 for tumor cells and associating immune cells can be appreciated. The resulting score values are 5 for the combined positive 
score and 3 for the immune cell score.

A B

C D
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erate inverse correlation was identified between 
ADC values and Ki 67 index pooled for various tu-
mors21 indicating that ADC can predict the amount 
of proliferating cells in tissue. 

Regarding HNSCC, the relationship between 
ADC values and Ki 67 index was also identified (r 
= -0.61).4 In another study it was reported that ADC 
values were associated with CD3 positive stained 
cells (r = -0.568, p = 0.009), which is a measurement 
of the influx of T-cells within the tumor.7 Therefore, 
it can be assumed that ADC values cannot only re-
flect the whole cell density within the tumor but 
are sensitive to smaller specific tumor cell fractions. 
Interestingly, skewness was only associated with 
the amount of positive PD-L1-stained immune 
cells. Taken together with the results that ADC 
values were associated with the amount of tumor 
invading T-cells within the tumor, there might be a 
possibility to reflect and predict tumor microenvi-
ronment in HNSCC.

The parameter skewness represents the asym-
metry of the distribution within the histogram in 
regard of the ADC values.22 In short, tumors which 
lean to the left have consecutively lower ADC val-
ues and thus a higher malignancy, whereas tumors, 
which lean to the right have higher ADC values 
tumors and thus lower malignancy.22 Regarding 
HNSCC, skewness was significantly higher in pa-
tients with HPV-mediated oropharyngeal cancer.23 
Interestingly, there is an association between posi-
tive human papilloma patients and PD-L1 expres-
sion.18 This might explain why skewness derived 
from ADC values is related to both histopathologi-
cal features of HNSCC.

In a recent excellent investigation, a direct corre-
lation between PET-MRI and immunohistochemi-
cal analysis was performed based upon postopera-

tive MRI scans with direct pathology coregistra-
tion.24 Furthermore, ADC correlated well with the 
apoptotic marker p53, Ki67, and with the apoptotic 
biomarker Bcl-2. Interestingly, ADC correlated also 
with expression of PD-L1.24 

Also, ADC related parameters significantly cor-
related with the proportion of tumor stroma.25

In short, there is preliminary data to elucidate 
the possibility for imaging modalities to predict 
histopathology features for better patient guid-
ance. More studies are definitely needed for better 
understanding of these complex interactions.

Recently, there is extensive interest about PD-1- 
and PD-L1-inhibitors as a form of immunotherapy 
in oncology.16,17 In melanoma patients, PD-1 and 
PD-L1 inhibitors showed the first very promising 
results. The effectiveness of this immunotherapy 
was shortly after also shown for non-small lung 
cancer and other tumor entities.17

Regarding HNSCC, there were several trials es-
tablishing the effectiveness of this novel treatment 
in the recurrent setting.26-28 In these trials, PD-L1 
status was defined as negative or positive with at 
least 1% of positive staining, well comparable with 
the approach in the present study. 

In one study the probability of response was not 
significantly different between PD-L1 negative and 
positive patients, when only tumor cells were cal-
culated but only when immune cells were also in-
cluded into the analysis.28 Correspondingly to our 
results, skewness was only significantly associated 
with the scoring system regarding immune cells, 
reflecting these small, yet not negligible differences 
in PD-L1 staining scores. As shown in our results, 
there are significant differences between the scores, 
which needs to be considered. The immune cell 
score only measures the tumor associated PD-L1 
cells and not the expression of the cancer cells 
themselves. 

Moreover, it is well known that HNSCC is a 
highly heterogeneous tumor with different bio-
logical behavior comprising different localizations 
andHPV-mediated oropharyngeal cancer.17

Beyond that, even intratumoral heterogeneity 
was described as very important in HNSCC, which 
the amount of heterogeneity differing between 
primary localization.29 This might be important 
for biopsy sampling, as the tumor might signifi-
cantly show different PD-L1 expression in several 
biopsy sites. This is, moreover, of special inter-
est, as PD-L1 expression in head and neck cancer 
is localized at the tumor borders in HPV-positive 
cancers.30 Presumably, only imaging with a quan-
titative analysis approach can display this tumor 

FIGURE 3. Correlation analysis between skewness derived from 
apparent diffusion coefficient (ADC) and the immune cell 
score (ICS). The resulting Spearman’s correlation coefficient is 
r = -0.38, p = 0.04.
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heterogeneity completely during clinical routine. 
There might also be the opportunity for ADC his-
togram parameters to indicate treatment changes 
of the tumors during PD-L1 treatment.

To date, only one other study investigated pos-
sible associations between ADC values and PD-L1 
expression in other tumors in oncology.31 In this 
study, there was a reported statistical difference 
between PD-L1 positive compared to negative 
tumors in regard of ADCmax in rectal cancers.31 
Correspondingly, there was a statistical trend in 
the present study for ADCmax to correlate with 
the ICS, but it did not reach statistical significance, 
presumably due to small sample size. More studies 
are needed to investigate, whether ADCmax might 
be a promising biomarker to predict PD-L1 expres-
sion in oncologic imaging.

To overcome this limitation, further studies are 
needed with a multiparametric approach includ-
ing MRI, CT and PET data guided with artificial in-
telligence. Presumably, non-invasive prediction of 
histopathology by imaging can be translated into 
clinical routine employing this approach.

There are several limitations of the present study 
to address. First, it is a retrospective analysis per-
formed on a prospectively recruited patient sam-
ple. However, the imaging and pathology analyses 
were performed independently to each other to 
reduce possible bias. Second, the imaging analysis 
was performed as a whole tumor measurement, 
whereas the PD-L1analysis was performed on bi-
optic specimens with possible spatial incongru-
encies. Yet, this approach represents daily clinical 
practice for which no whole lesion pathology-
radiology correlation is possible. Third, the ADC 
measurement was performed by one reader with 
possible accompanied reader-bias. However, it is 
reported that ADC values have a good to excellent 
interreader variability in HNSCC, which might re-
duce this limitation. Fourth, because of the explor-
atory study design we did not correct for multiple 
tests, which has an impact on the presented results. 
Fifth, the biopsy was taken from the primary tu-
mor before the MRI. This might cause biopsy-re-
lated artifacts of the tumor, such as hematoma or 
local inflammation, which can have an impact on 
the ADC values. 

In conclusion, here is a weak association be-
tween skewness derived from ADC values and 
PD-L1 expression in HNSCC, which might not 
be strong enough to predict PD-L1 expression in 
clinical routine. Presumably, ADC values are more 
influenced by complex histopathology compart-
ments, comprising cellular and extracellular as-

pects of tumors than only of a single subset of tu-
mor associated cells.
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Background. The aim of the study was to assess whether the configuration of primary soft-tissue sarcoma (STS) on 
MRI correlates with the grade of malignancy.
Patients and methods. 71 patients with histologically proven STS were included. Primary STS were examined for 
configuration, borders, and volume on MRI. The tumors were divided into high-grade (G3), intermediate-grade (G2) 
and low-grade (G1) STS according to the grading system of the French Federation of Cancer Centers Sarcoma Group 
(FNCLCC).
Results. 30 high-grade, 22 intermediate-grade and 19 low-grade primary STS lesions were identified. High- and 
intermediate-grade (G3/2) STS significantly most often appeared as polycyclic/multilobulated tumors (p < 0.001 and 
p = 0.002, respectively). Low-grade (G1) STS mainly showed an ovoid/nodular or streaky configuration (p = 0.008), and 
well-defined borders. The appearance of high-, intermediate- and low-grade STS with an ovoid/nodular configura-
tion were mainly the same on MRI. All streaky G3/2 sarcoma and 17 of 20 patients with polycyclic/multilobulated 
G3 sarcoma showed infiltrative borders. High-grade streaky and polycyclic/multilobulated STS are larger in volume, 
compared to intermediate- and low-grade STS.
Conclusions. Configuration of STS on MRI can indicate the grade of malignancy. Higher-grade (G2/3) STS most often 
show a polycyclic/multilobulated configuration, while low-grade STS are mainly ovoid/nodular or streaky. Infiltrative 
behavior might suggest higher-grade STS in streaky and polycyclic/multilobulated STS.

Key words: soft-tissue sarcoma; MRI; configuration; FNCLCC; malignancy; prediction

Introduction

Soft-tissue sarcomas (STS) comprise a heterogene-
ous group of malignancies, accounting for only 
about 1% of all cancers.1 More than 50 histologic 
subtypes of STS have been identified, with pleo-
morphic sarcoma, liposarcoma, leiomyosarcoma, 
synovial sarcoma, and malignant peripheral nerve 
sheath tumors being the most common.2,3 STS 
mostly originate in the extremities but can occur at 
any site in the body.3 Different risk factors for the 
development of STS have been reported, for exam-
ple, radiation therapy and radiation-induced sar-
coma.4,5 While sonography is still sometimes used 

for screening of STS6, MRI has become the most im-
portant imaging modality these days for pre- and 
post-operative evaluation of STS, as it can evalu-
ate tumoral characteristics and extent of disease 
very well.3,7-9 The two most common systems for 
grading STS are those of the French Federation of 
Cancer Centers Sarcoma Group (FNCLCC) and the 
National Cancer Institute in the U.S. Of the two, 
the FNCLCC system is superior in predicting dis-
tant metastasis and tumor mortality.2,10 According 
to this system, STS are divided into three grades 
of malignancy: G1 (low-grade), G2 (intermediate-
grade), and G3 (high-grade). Knowledge of the 
STS grade is very relevant because it influences the 
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therapy options and helps determine which treat-
ment should be implemented.11,12 Furthermore, the 
STS grade is reported to be a valuable predictor 
of STS recurrence and of the benefit of adjuvant 
chemotherapy.13 A relatively new morphological 
aspect on MRI is to characterize STS by their con-
figurations.14,15 Therefore, the purpose of this study 
was to determine whether the grade of malignancy 
can be predicted by the configuration of primary 
STS on MRI and whether low-, intermediate and 
high-grade STS can be distinguished by tumor con-
figuration on MRI.

Patients and methods
Patients

Altogether 163 patients with STS were identified in 
whom pre- and/or post-therapeutic imaging had 
been performed between 2008 and 2020. Patients 
with other examination than MRI were excluded (n 
= 21), as were patients with lack of pre-therapeutic 
MRI (n = 42) and patients with lipo-, angio- and re-
troperitoneal sarcomas (n = 29). Finally, 71 primary 
STS were included in this study. Information on the 
histological subtypes of STS were deliberately not 
included in our study in order to prevent any as-
sessments of the degree of malignancy by knowing 
the subtype. However, histological STS grades were 
derived from all available pathological reports and 
all included STS were classified by their grade of 
malignancy. Consecutively, primary STS were di-
vided into three groups according to the FNCLCC 
grading system: G1 (low-grade), G2 (intermediate) 

and G3 (high-grade). G3 and G2 sarcoma were both 
regarded as higher-grade tumors. Nevertheless, the 
two grades were examined separately.

Imaging 

The configuration of the tumors was divided into 
polycyclic/multilobulated, fascicular, ovoid/nodu-
lar, streaky, and fusiform. Furthermore, the tumors 
were examined for contrast enhancement (homo-
geneous or heterogeneous), borders (infiltrative or 
well-defined), and volume on MRI. The volume 
was measured from length, width, and height.

For imaging, a 1.5-Tesla MRI system 
(MAGNETOM Symphony, Siemens Healthineers) 
was employed. The MRI protocol included the 
following sequences: axial T2-weighted (TE: 64–
114ms, TR: 3010–5840ms, FOV: 22–44 cm2), axial 
T1-weighted (TE: 10–14 ms, TR: 587–868 ms, FOV: 
22–44 cm2), axial proton density-weighted (PDw) 
(TE: 26–36ms, TR: 2740–4610ms, FOV: 22–40 cm2), 
coronal Turbo-Inversion Recovery Magnitude 
(TIRM) (TE: 68–77ms, TR: 4410–6980 ms, FOV: 
37–45 cm2), axial (10–12 ms, TR: 645–865ms, FOV: 
22–44 cm2), coronal (TE: 10 13ms, TR: 533–1440ms, 
FOV: 37–45 cm2), and sagittal (TE: 10–13ms, TR: 
577–866ms, FOV: 22–37 cm2) T1-weighted after 
administering a contrast agent intravenously. 
Additionally, in some recent examinations diffu-
sion-weighted-images (DWI) were available.

Two musculoskeletal radiologists, with a mini-
mum of five years of experience in diagnosing sar-
coma reviewed each MRI, with findings reached 
by consensus.

TABLE 1. Overview of configuration of high-grade (G3), intermediate-grade (G2) and low-grade (G1) soft-tissue sarcomas (STS). Additional information 
on tumor infiltration (infiltrative or well-defined), contrast enhancement (homogeneous or heterogeneous), and volume in “cm3” is shown

Configuration 
of STS

G3
(number, contrast 

enhancement, 
infiltration)

Volume
G3

(cm3)

G2
(number, contrast 

enhancement, 
infiltration)

Volume
G2

(cm3)

G1
(number, contrast 

enhancement, 
infiltration)

Volume
G1

(cm3)

Polycyclic/
multilobulated

20*

19 heterogeneous
17 infiltrative

Median: 765.9****

(Min. 15.6, Max. 
4572.5, SD: 

1176.5)

13**

11 heterogeneous
7 well-defined

Median: 114.8 
(Min. 6, Max. 334, 

SD: 94.6)

3
all homogeneous
all well-defined

Median: 198.1 
(Min. 15.8, Max. 
447.2, SD: 223.3)

Fascicular 1 - 2 -

Ovoid/nodular
4

all homogeneous
3 well-defined

Median: 9
(Min. 3.3, Max. 
20.3, SD: 9.8)

5
all homogeneous
all well-defined

Median: 26.5 
(Min. 2.6, Max. 
41.4, SD: 17.7)

8***

all homogeneous
all well-defined

Median: 11.2 
(Min. 1.6, Max. 
25.4, SD: 7.7)

Streaky
4

all homogeneous
all infiltrative

Median: 49.4
(Min. 5.6, Max. 
130.9, SD: 70.7)

2
all homogeneous

all infiltrative

Median 7.9 
(Min. 7.1, Max. 

8.6, SD: 1.1)

5***

all homogeneous
4 well-defined

Median: 4.4 
(Min. 2.6, Max. 

6.5, SD: 1.4)

Fusiform 1 - 2 1 -

Total 30 22 19

p-values are marked with “*”; †soft tissue sarcoma; *p<0.001, **p=0.002, ***p=0.008, ****p=0.051



Radiol Oncol 2021; 55(2): 158-163.

Sedaghat S et al. / Soft-tissue sarcoma configuration on MRI indicates malignancy160

Statistical data

Data are given as median values with range (mini-
mum to maximum) or mean and standard devia-
tion (SD). Parametric and nonparametric tests to 
compare group values (χ2-test, Mann-Whitney 
U-test, ANOVA) were performed as indicated. 
Statistical significance for all tests was set at a level 
of p < 0.05. Statistical analysis was done using the 
IBM-SPSS version 22.0 software package (IBM, 
Armonk, NY, USA).

Ethics approval 

The study was conducted in accordance with 
and was approved by the responsible IRB/Ethics 
Committee.

Results

Patient’s mean age was 55.7 years (SD: 18.2, Min.: 
10, Max.: 88). In all, 71 primary STS were includ-
ed, and 30 high-grade, 22 intermediate-grade and 
19 low-grade primary STS lesions were identified 
(Table 1). Primary STS significantly most often oc-
curred in the extremities (p < 0.001), while the thigh 
represented the predominant localization of STS 
(Figure 1). Most of the high-grade (G3) and inter-
mediate-grade (G2) primary STS showed a polycy-
clic/multilobulated configuration (p < 0.001 and p = 
0.002, respectively; Table 1; Figure 2 and 3), while 
low-grade primary STS (G1) were mostly ovoid/
nodular (Figure 4 and 5) or streaky (Figure 6; p 
= 0.008). G3 polycyclic/multilobulated STS were 
significantly more often infiltrative, compared to 
G2 polycyclic/multilobulated STS (p = 0.014). For 
ovoid/nodular primary STS, no significant differ-
ence was observed between high-, intermediate 
and low-grade STS regarding contrast enhance-
ment and borders. Streaky G3 and G2 sarcoma 
were all infiltrative, while streaky G1 sarcoma 
mostly showed well-defined borders. High-grade 
streaky and polycyclic/multilobulated STS are 
larger (not significant) in volume, compared to in-
termediate- and low-grade STS. 

Discussion

In this study we wanted to assess whether low-
, intermediate and high-grade STS can be dis-
tinguished by tumor configuration on MRI and 
whether one or the other configuration might 

FIGURE 1. Overview of most common localizations of primary soft-tissue sarcoma 
(STS), shown as number of cases “n”.

FIGURE 2. 1.5-T MRI of the arm (proton density [PD] fat saturation [FS]: 6 consecutive 
slices of 3 mm) of a 54-year-old patient. The higher-grade polycyclic/multilobulated 
sarcoma in the upper arms shows solid (white arrow) and cystic (white arrowhead) 
components.

FIGURE 3. 1.5-T MRI of the pelvis (A) proton density [PD] axial, (B) contrast-enhanced 
T1 fat saturation [FS] axial, (C) PD sagittal) of a 49-year-old patient. The higher-
grade polycyclic/multilobulated sarcoma in the right pelvis (white arrow) shows 
heterogeneous contrast enhancement (black arrow), infiltrative behavior (black 
arrowhead), and solid components within cystic tissue (white arrowhead).

B CA
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already suggest the grade of malignancy. STS 
comprise a group of rare malignancies of the soft 
tissue that may occur anywhere in the body1 but 
mainly develop in the extremities and especially 
in adults.16,17 In our study the most prominent 
site of primary STS is the extremities, where STS 
mainly occurred in the thigh, followed by the arm. 
The FNCLCC uses a scoring system to grade STS. 
Accordingly, this scoring system includes informa-
tion on tumor differentiation, mitotic count, and 
tumor necrosis and then classifies STS into three 
grades: G1 (low-grade), G2 (intermediate) and G3 
(high-grade).18,19 As the distinction between G2 and 
G3 STS is not always clear in the routine clinical 
setting, both sarcoma grades are often considered 
as “higher-grade”. The grade of STS is a highly val-
uable parameter for assessing therapy. In patients 
with higher-grade STS, neoadjuvant chemotherapy 
is often considered, while it is not administered for 
low-grade STS.20 In contrast, surgery alone is often 
selected as the first therapeutic option in low-grade 
STS.18,21 As a standard diagnostic procedure, needle 
biopsy is performed before initiating treatment.22 
However, percutaneous biopsy sometimes misses 
the grade of STS, which in turn can be represent a 
missed opportunity for neoadjuvant chemothera-
py or radiation therapy.18 This shows the impor-
tance of imaging in the diagnostic workup and for 
STS grading, especially by using MRI.23 

MRI represents a valuable imaging modality in 
pre- and postoperative screening of STS, the ad-
vantages of which lie in the absence of ionizing ra-
diation and its relatively high contrast resolution 
compared to PET-CT or CT.18 Only few previous 
studies have investigated the issue of distinguish-
ing between low-, intermediate- and high-grade 
STS by tumor characteristics on MRI. However, 
there have been reports of a correlation between 
tumor margins or contrast enhancement with the 
STS grade, for example.24 In the literature, MRI 
signal characteristics of low- and high-grade STS 
were also examined; however, they lacked specific 
descriptions of the imaging and signal characteris-
tics of most STS.25,26 Additionally, MRI signal char-
acteristics of STS are often misleading.27 Therefore, 
we did not focus on the signal characteristics of STS 
in this study. Notably, no previous investigations 
have focused on the configuration of low- and 
higher-grade STS on MRI for grading STS. Our 
data suggest that by focusing on the configuration 
of STS it is possible to distinguish between G1 and 
G2/3 STS, especially when they show a polycyclic 
configuration. It becomes more difficult with other 
configurations, such as ovoid/nodular or streaky. 

FIGURE 4. 1.5-T MRI of the pelvis (A) proton density [PD] fat saturation [FS]: coronal, 
(B) PD FS axial, (C) contrast-enhanced T1 FS axial) of a 51-year-old patient. The low-
grade sarcoma in the right gluteal region (white arrow) shows an ovoid/nodular 
configuration and well-defined borders.

FIGURE 5. 1.5-T MRI of the abdomen (A) contrast-enhanced T1 axial, (B) contrast-
enhanced T1 sagittal) of a 41-year-old patient. The low-grade sarcoma in the right 
abdominal wall (white arrow) presents with a ovoid/nodular configuration.

FIGURE 6. 1.5-T MRI of the upper arm (A) contrast-enhanced T1 axial, (B) contrast-
enhanced T1 sagittal) of a 48-year-old patient. The higher-grade sarcoma in the 
subcutaneous tissue (white arrow) has a streaky configuration and shows slight 
infiltration of the surrounding subcutaneous tissue. 
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Primary STS with an ovoid/nodular configuration 
usually shows the same appearance in low-, inter-
mediate and high-grade STS. 

Previous authors mainly associated higher-
grade STS to an infiltration of the tumor-surround-
ing tissue. Our findings show that higher-grade 
STS may show well-defined borders as well, es-
pecially in ovoid/nodular STS.20,28 In the case of 
streaky STS, infiltration of the surrounding tissue 
can be used as a characteristic for differentiating 
between G3/2 and G1 STS, as all higher-grade STS 
show infiltrative borders, while the borders of low-
grade STS are mostly well-defined. Furthermore, 
our data shows that in polycyclic/multilobulated 
STS the proportion of infiltrative sarcomas increas-
es with the grade of malignancy (G1 to G3). While 
in G1 polycyclic/multilobulated STS all tumors are 
well-defined, G3 sarcomas with the same configu-
ration are mainly infiltrative.

For the evaluation of STS, contrast material is 
routinely administered.24 In our study contrast-en-
hanced MRI was performed in all patients as well. 
As radiologists have been aiming to restrict the use 
of contrast media for some time, especially due to 
reported adverse events after gadolinium-based 
contrast agent administration29, the question arises 
as to whether a contrast medium is needed for the 
diagnosis of STS. As mentioned, it is possible to 
distinguish between higher- and low-grade STS on 
MRI, especially when they show a polycyclic/mul-
tilobulated configuration. In these cases, the use 
of a contrast agent is questionable and this issue 
should be investigated in further studies. 

Contrary to previous data, the size of STS cannot 
determine the grade of STS, as in our study no sig-
nificant differences in the volumes of higher- and 
low-grade STS were found, even if polycyclic/mul-
tilobulated G3 STS show a not significant larger 
volume, compared to G2/1 sarcoma.30,31 

We cannot guarantee that a polycyclic/multi-
lobulated configuration will always verify a high-
er-grade STS, but we were able to show that the 
configuration of STS can give an indication of STS 
grade, which ultimately leads to more targeted di-
agnostic tests and earlier therapy. Our study has 
some limitations. The main limitations are the ret-
rospective design and the single-center approach. 
As STS is a rare tumor, the inclusion of almost 
similar numbers of patients in a prospective study 
would take a long time. In addition, the benefit 
would be disproportionate to the additional time 
that would be spent. A multicenter study approach 
could improve this study, as the comparison of 
non-polycyclic/-multilobulated STS configurations 

could be better investigated. Therefore, further 
studies on this topic should be multicenter in de-
sign. Another limitation of this study is the lack of 
diffusion weighted images (DWI), which were only 
available in a few and mainly recent examinations.

Conclusions

Configuration of STS on MRI can indicate the 
grade of malignancy, as higher-grade (G2/3) STS 
significantly most often show a polycyclic/multi-
lobulated configuration, while low-grade STS (G1) 
are mainly ovoid/nodular or streaky. Furthermore, 
infiltrative behavior might suggest higher-grade 
STS in streaky and polycyclic/multilobulated STS. 
For ovoid/nodular configurations, high-, interme-
diate and low-grade STS cannot be distinguished 
on MRI.
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Background. Recurrent bleeding from gastroesophageal varices is the most common life-threatening complication 
of portal hypertension. According to guidelines, transjugular intrahepatic portosystemic shunt (TIPS) should not be 
used as a first-line treatment and should be limited to those bleedings which are refractory to pharmacologic and 
endoscopic treatment (ET). To our knowledge, long-term studies evaluating the role of elective TIPS in comparison to 
ET in patients with recurrent variceal bleeding episodes are rare.
Patients and methods. This study was designed as a retrospective single-institution analysis of 70 patients treated 
with TIPS and 56 with ET. Patients were followed-up from inclusion in the study until death, liver transplantation, the last 
follow-up observation or until the end of our study.
Results. Recurrent variceal bleeding was significantly more frequent in ET group compared to patients TIPS group 
(66.1% vs. 21.4%, p < 0.001; χ2-test). The incidence of death secondary to recurrent bleeding was higher in the ET group 
(28.6% vs. 10%). Cumulative survival after 1 year, 2 years and 5 years in TIPS group compared to ET group was 85% vs. 
83%, 73% vs. 67% and 41% vs. 35%, respectively. The main cause of death in patients with cumulative survival more 
than 2 years was liver failure. Median observation time was 47 months (range; 2–194 months) in the TIPS group and 40 
months (range; 1–168 months) in the ET group.
Conclusions. In present study TIPS was more effective in the prevention of recurrent variceal bleeding and had lower 
mortality due to recurrent variceal bleeding compared to ET. 

Key words: transjugular intrahepatic portosystemic shunt; endoscopic treatment; portal hypertension; esophageal 
and gastric varices; recurrent variceal bleeding; survival

Introduction

Gastroesophageal variceal bleeding (GEVB) is a 
severe complication of portal hypertension. In cir-
rhotic patients with a history of variceal bleeding, 
the incidence of GEVB within 1 year is 60%, while 
the mortality from each rebleeding episode is near-
ly 20%.1 In terms of prevention of recurrent bleed-

ing, current guidelines recommend management of 
patients with the history of variceal bleeding. The 
first-line treatment for preventing recurrent variceal 
bleeding is pharmacologic treatment with non-se-
lective β-adrenergic blockers (NSBB), or a combi-
nation of isosorbide mononitrate (ISMN) and na-
dolol combined with endoscopic treatment (ET), i.e. 
variceal sclerotherapy and/or variceal ligation.2,3 In 
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frequently recurring bleeding episodes, in patients 
unresponsive to pharmacological and endoscopic 
treatment, transjugular intrahepatic portosystemic 
shunt (TIPS) or surgical procedures (i.e. portocaval 
or splenorenal shunt) are the treatments of choice. 
TIPS is recommended as a “rescue-urgent” treat-
ment if primary haemostasis cannot be obtained 
with endoscopic and pharmacological treatment, or 
if uncontrollable early rebleeding occurs within 48 
hours.4-6 TIPS is used as an elective procedure after 
the second or third (and/or more) recurrent bleed-
ing episode from varices (especially if repeated over 
short periods of time) in hemodynamically and clin-
ically stable patients with optimally regulated risk 
factors for the complication of the procedure (i.e. 
improvement of coagulation factors, elimination or 
reduction of ascites, regulation of cardiac and renal 
function, and clinically significant improvement in 
hepatic encephalopathy). In most of the randomized 
studies, patients were included in the study 24 to 96 
hours from the last bleeding.7-11 Studies which could 
evaluate the role of elective TIPS in comparison to 
combined ET and NSBB treatment in patients with 
recurrent variceal bleeding episodes are rare.8,12,13 
According to literature, there are even fewer studies 
which analysed the long-term effect of TIPS vs. ET, 
30 months being the longest observation period in 
terms of survival.14 The purpose of our study was 
therefore to compare elective TIPS with combined 
ET and NSBB treatment in terms of their long-term 
efficacy in preventing recurrent GEVB in patients 
with portal hypertension. 

Patients and methods

This retrospective study included 126 patients 
with liver cirrhosis and recurrent GEVB episodes 
originating from ruptured esophageal and gas-
tric varices. The inclusion criteria were: (1) at least 
three gastroesophageal variceal bleedings or two 
recurrent episodes of bleeding within a less than 
a month period; (2) < 1 month since the previ-
ous bleeding episode; (3) Child-Pugh score < 13; 
(4) technically successful TIPS procedure; (5) 18 < 
age < 75; (6) patient’s written informed consent. 
Exclusion criteria were: (1) patients who did not 
meet inclusion criteria; (2) chronic occlusion of 
portal vein; (3) hepatocellular carcinoma (HCC) or/
and other types of cancer (with the exceptions of 
non-melanoma skin cancer and in situ cervical can-
cer); (4) acute hepatitis. 

Patients who were treated with elective TIPS 
were included in the study from the time of the 

procedure, i.e. on average 35 days after the last 
variceal bleeding episode. Those patients were 
hemodynamically and otherwise (in terms of dis-
ease) stable. ET patients were included in the study 
after the last variceal bleeding, that is after success-
ful pharmacological and endoscopic eradication, 
i.e. on average 30 days after the last bleeding epi-
sode. All patients were followed-up with clinical 
evaluations, serum laboratory tests, and Doppler 
ultrasound before hospital discharge, in the out-
patient clinic at 3 months after TIPS and every 6 
months thereafter. Portal venography was per-
formed only as an introduction to a re-intervention 
in patients with suspected or impaired shunt mal-
function. Patients were followed-up from inclusion 
in the study until death, liver transplantation, the 
last follow-up observation or until the end of our 
study. 

Primary endpoint of our study was rebleeding 
rate. Bleeding-related mortality and survival were 
considered as secondary endpoints. 

The study took place at the Institute of Radiology 
and Department of Gastroenterology of University 
Medical Centre Ljubljana, and at the Department 
of Gastroenterology of University Medical Centre 
Maribor. 

The study was approved by the National 
Medical Ethics Committee of the Republic of 
Slovenia (Number 94/11/11) and was in agreement 
with the Declaration of Helsinki.

TIPS procedure

TIPS was placed using a technique described in 
available literature, the procedure took place in the 
interventional radiology suite.12,15 Prior to elective 
TIPS, patients were hemodynamically and system-
ically stable. After indirect portography between 
the portal and hepatic veins, shunt tracts were 
lined with wallstent endoprosthesis (Wallstent, 
Schneider, Switzerland) or polytetrafluoroeth-
ylene-covered stents (GoreÒViatorrÒ; United 
States). Portal and central venous pressures were 
measured before and after stenting. Patients were 
cared for in a semi-intensive care unit for 24 h after 
the procedure.

Endoscopic treatment

In patients with recurrent variceal bleeding, en-
doscopic sclerosation (EST) via paravariceal and 
intravariceal injection of 1% polydocanol (Resinag, 
Zug, Switzerland) was performed first, after that 
EST was repeated or endoscopic ligation (EVL) 
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was performed until scarring of the varices was 
achieved. Histoacryl adhesive (B Braun Medical, 
Melsungen, Switzerland), used in the same pro-
portion as polydocanol, was injected directly into 
the varices. Patients received antibiotic prophylaxis 

prior to and after ET, and octreotide (1.2 mg/24 h 
for 3–5 days) after the procedure. Until the varices 
were eradicated, subsequent ET was undertaken at 
3–4 weeks intervals on an outpatient basis. After 
variceal obliteration, surveillance endoscopy was 
performed at 6 months and then annually to iden-
tify patients in whom varices had recurred. Repeat 
ET was performed whenever residual or recurrent 
varices were identified during surveillance endos-
copy. All patients in the ET group received oral 
propranolol twice a day, starting at 40 mg/day and 
increasing to a maximum of 120 mg/day, according 
to the target reduction of pulse rate. 

Statistical analysis 

Collected data were coded, tabulated and analysed 
by the biomedical statistician using SPSS statisti-
cal software, version 19.0 for Windows. The results 
are presented in graphical, tabular and numerical 
form as mean + SD. Demographic data, laboratory 
values and other numerical data were analysed 
using descriptive statistics methods. To compare 
the two methods of treatment, t-test, χ2-test and 
Mann-Whitney test were used. Data for prognos-
tic factors of recurrent bleeding was analysed us-
ing multivariate logistic regression method. Cox 
proportional hazards regression model was used 
for the evaluation of prognostic factors of time to 
rebleeding. P < 0.05 was considered as statistically 
significant. 

Results
Demographic, clinical and biochemical 
characteristics of the patients, prior 
inclusion in the study 

Demographic, clinical and biochemical charac-
teristics of the patients are shown in Table 1, as 
is aetiology of their liver disease. In the ET group 
of patients, leukocytes and urea values were sig-
nificantly higher (P = 0.034 and P = 0.001, respec-
tively; Mann-Whitney test) in comparison to those 
in TIPS group. Moreover, prothrombin time was 
significantly lower in ET group of patients (P = 
0.003; Mann-Whitney test). There were no other 
statistically significant differences between the two 
groups.

Follow-up observations

The median observation time was 47 months (range 
3–194 months) in the TIPS group and 40 months 

TABLE 1. Baseline demographic, clinical and biochemical characteristics of the 126 
patients 

TIPS ET P

n = 70 n = 56 value

Sex
    Male
    Female

45 (64.3%)
25 (35.7%)

35 (62.5%)
22 (37.5%) 0.836

Age 53.56 ± 11.15 57,57 ± 11,69 0.052

Etiology
    Alcohol
    Non-alcohol

49 (70%)
21 (30%)

30 (67.9%)
18 (32.1%) 0.796

Child A
Child B
Child C

15 (21.4%)
41 (58.6%)
14 (20.0%)

8 (14.3%)
31 (55.4%)
17 (30.4%) 0.319

Child-Pugh score 7.9 ± 1.7 8.5 ± 1.7 0.051

Variceal grade
    I–II
    III–IV

11 (15.8%)
59 (84.2%)

6 (10.7%)
50 (89.3%) 0.519

Type of varices
    Esophageal
    Gastroesophageal

36 (51.4%)
34 (48.6%)

32 (57.1%)
24 (42.9%) 0.573

Site of bleeding
    Esophagus
    Gastric
    Gastroesophageal

46 (65.7%)
7 (10.0%)
17 (24.3%)

41 (73.2%)
6 (10.7%)
9 (16.1%) 0.526

No. of variceal bleeds 3.46 ± 1,15 3.36 ± 1,06 0.651

Leukocytes (109/L) 5.09 ± 1.87 6.31 ± 3.03 0.034

Platelets (109/L) 109.07 ± 47.82 101.96 ± 52.10 0.309

PT (s) 0.64 ± 0.14 0.57 ± 0.14 0.003a

Bilirubin (mmol/L) 40.90 ± 34.98 50.91 ± 50.77 0.125

Albumin (mmol/L) 30.78 ± 6.30 29.44 ± 5.25 0.256

Urea (mmol/L) 5.81 ± 3.02 8.33 ± 4.69 0.001b

Creatinine (mmol/L) 78.93 ± 20.46 105.91 ± 117.1 0.226

Ammonia (mmol/L) 48.37 ± 23.66 60.94 ± 43.79 0.234

gGT (mkat/L) 1.21 ± 1.21 1.64 ± 1.49 0.070

ALT (mkat/L) 0.51 ± 0.46 0.74 ± 1.83 0.409

AST (mkat/L) 0.75 ± 0.65 1.11 ± 2.18 0.330

Ascites
    No ascites
    Ascites decrease
    Ascites increase

31(44.3%)
18 (25.7%)
21 (30.0%)

20 (35.7%)
13 (25.0%)
22 (39.3%) 0.507

HE prior to proc.
    No HE
    CS, no H
    CS + H
    CHE

51 (72.9%)
17 (24.2%)

/
2 (2.9%)

39 (69.6%)
11 (19.6%)

3 (5.4%)
3 (5.4%) 0.295 

aP < 0.05 vs. control group; bP < 0.001 vs. control group

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CHE = chronic hepatic 
encephalopathy; CS = clinical signs; ET = endoscopic treatment; gGT = gamma-glutamyl 
transferase; H = hospitalization; HE = hepatic encephalopathy; PT = prothrombin time; TIPS = 
transjugular intrahepatic portosystemic shunt 
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(range 2–168 months) in the ET group. The obser-
vation time for the survivours in the TIPS group (n 
= 20) was 57.65 months (median 38 months) and 
42.65 months (median 32 months) in the ET group 
(n = 20).

TIPS procedure

In 68 patients, the procedure was performed in 
general anaesthesia, and in two patients in the lo-
cal anaesthesia. Wallstent (diameter 8–10 mm) was 
used in 48 patients and Viatorr-type endoprosthe-
sis, 8–10 mm in diameter, 6–8 cm in length, in 22 
patients. TIPS was dilated to 8 mm of diameter 
reaching the hemodynamic target of a portosys-
temic pressure gradient (PSG). In 9 patients, not 
reaching the hemodynamic target, the stent was 
dilated to 10 mm of diameter. After reaching a suf-
ficient pressure reduction, which in our study was, 
on average, 35.9% lower than the baseline, the pro-
cedure was completed, and the manual haemosta-
sis was made after removal of the vascular device 
from the jugular vein. The mean portal pressure 
prior to procedure was 29.32 ± 5.93 mmHg (range 
20–45 mmHg) and 18.67 ± 4–22 mmHg (range 8–30 
mmHg) after the procedure.

Hepatic encephalopathy

Prior the study, 25.7% of patients in the TIPS group 
and 30.4% in the ET group had hepatic encepha-
lopathy (HE). The difference between the groups 
was not statistically significant (P = 0.563; χ2-test). 
At the end of the study, 42.8% of patients had he-
patic encephalopathy in the TIPS group and 35.6% 
in the ET group. The difference between the groups 
was not statistically significant (P = 0.542; χ2-test; p 
= 0.058; Wilcoxon test). In the TIPS group, 7.1% of 
patients with chronic hepatic encephalopathy and 
8.9% in the ET group were present. The difference 
between groups was not statistically significant (P 
= 0.584; χ2-test). 21.4% of patients treated with TIPS 
and 12.5% of patients treated with ET experienced 
new or worsening of pre-existing hepatic encepha-
lopathy. The difference between the groups was 
not statistically significant (P = 0.150; χ2-test). Only 
14.3% of patients in the TIPS group and 11.1% of 
patients in the ET group had to be hospitalized due 
to HE.

Liver transplantation

10 patients (14.3%) in the TIPS group and three 
patients (5.4%) in the ET group had liver trans-
plantation. Statistically significant differences in 

the number of liver transplantations were not ob-
served (P = 0.102; χ2-test). 

Recurrent bleeding

In the TIPS group, 15 (21.4%) patients developed 
recurrent bleeding episode from gastroesophageal 
varices; 1 patient had two episodes of bleeding. 
33.3% of patients had recurrent bleeding within 
the first year and 46.6% within the first two years. 
In the ET group, 37 (66.1%) patients developed re-
current bleeding episode from gastroesophageal 
varices; 20 patients had several recurrent bleedings. 
56.7% of patients had recurrent bleeding within 
the first year and 83.7% within the first two years. 
There were 63 recurrent bleeding episodes in the 
ET group. The difference in the number of patients 
with recurrent bleeding episodes was statistically 
significant (P = 0.001; χ2-test). Most frequently, i.e. 
11 of the 15 cases (73.3%), the recurrent bleeding 
in the TIPS group occurred due to shunt malfunc-
tion. In 3 TIPS patients, liver failure was the cause 
of the recurrent bleeding, and progression of HCC 
in 1 patient. In all those 4 patients, shunt malfunc-

FIGURE 1. Proportion of patients without recurrent bleedings in the two groups.

ET = Endoscopic treatment; TIPS = Transjugular intrahepatic portosystemic shunt
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tion was excluded using ultrasound. 11 patients 
with recurrent variceal bleeding due to shunt mal-
function underwent esophagogastroduodenosco-
py (EGDS), which confirmed esophageal variceal 
bleeding in 8 patients and gastric variceal bleeding 
in 3 patients. 6 of 11 shunt malfunctions were suc-
cessfully repaired with an additional procedure, 5 
of 11 patients died before the additional procedure. 

The proportion of patients without recurrent 
bleedings after 6 months, 1 year, 2 years and 5 
years in the TIPS group compared to the ET group 
was 89% vs. 63%; 89% vs. 43% ; 87% vs. 36% and 
78% vs. 26% (Figure 1).

Predictive factors of recurrent bleeding

Prognostic value of predictive factors of recur-
rent variceal bleeding was analysed using multi-
variate logistic regression method. Cathegorized 
variables, such as site ob bleeding and Child-Pugh 
classification for prognosis of chronic liver disease, 
were divided into three cathegories. Our study 
showed that only ET was a significant independ-
ent predictor of recurrent bleeding (P = 0.001). The 
odds ratio for recurrent bleeding in the ET group 
versus TIPS group was 7 (95% confidence interval 
[CI]; 3.0–16.5).

Mortality due to recurrent bleeding

During our observation time, 50 (71.4%) patients 
died of various causes in the TIPS group and 36 
(64.3%) in the ET group (Table 3). There were no 
statistically significant differences between the 
two groups (P = 0.392; χ2-test). Mean survival time 
of the patients treated with TIPS was 64.38 ± 8.6 
months and 50.4 ± 9.6 months of the patients who 
were treated with ET. The median survival time of 
patients in the TIPS group was 50.0 ± 5.2 months 
and 32.0 ± 7.4 months in the ET group. The leading 
cause of death in the group of patients treated with 
TIPS was liver failure (31.4% of the patients), and 
recurrent bleeding in the group of patients treated 
with ET (28.6% of the patients) (Table 3). The dif-
ference in the causes of recurrent bleeding between 
the two groups was statistically significant (P = 
0.086; χ2-test).  

7 patients (10%) in the TIPS group died due to 
recurrent variceal bleeding; in 5 of those patients, 
recurrent bleeding was caused by shunt malfunc-
tion. Of those 5 patients, 2 patients died within 1 
year; in total, 4 patients died within first 2 years. In 
the ET group, 8 (38.1%) of 21 patients with recur-
rent bleeding died within 1 year, and 16 (51.6%) of 
31 patients within the first two years. Cumulative 
survival after 1 year, 2 years and 5 years in the TIPS 
group compared to the ET group was 85% vs. 83%, 
73% vs. 67% and 41% vs. 35% (Figure 2).

Discussion

Following the current guidelines for prevent-
ing recurrent gastroesophageal variceal bleeding, 
TIPS should not be used as a first-line treatment 
and should be limited to those bleedings, which 
are refractory to pharmacologic and endoscopic 
treatment.3,4 This recommendation is mainly be-

TABLE 2. Predictive factors of recurrent bleeding in the two groups 

P
OR

95% CI for OR

value Lower Upper

Treatment 0.000a 7.088 3.039 16.529

Age > 60 years 0.074 2.216 0.927 5.299

Aetiology of liver cirrhosis 0.382 0.656 0.255 1.688

Child A 0.716

Child B 0.684 1.279 0.391 4.190

Child C 0.818 0.848 0.209 3.442

Site of bleeding: E 0.251

Site of bleeding: G 0.097 3.089 0.815 11.712

Site of bleeding: E + G 0.857 1.103 0.381 3.190

HE prior to procedure 0.747 0.932 0.607 1.430

aP < 0.001

CI = confidence interval; ; E = esophagus; ET = endoscopic treatment; G = stomach; HE = hepatic 
encephalopathy; OR = odds ratio; TIPS = transjugular intrahepatic portosystemic shunt 

TABLE 3. Cause of death of 86 patients in the two groups 

TIPS ET

N = 50 N = 36

N % N %

Variceal bleeding 7 10.0 16 28.6

Liver failure 22 31.4 12 21.4

Sepsis 1 1.4 0 0.0

Pneumonia 3 4.3 2 3.6

Tumor progression 6 8.6 1 1.8

Accidental 2 2.9 0 0.0

Cardiovascular disease 3 4.3 3 5.4

Unknown 6 8.6 2 3.6

ET = endoscopic treatment; TIPS = transjugular intrahepatic portosystemic shunt 
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cause the rate of hepatic encephalopathy is signifi-
cantly higher in patients undergoing TIPS than in 
those receiving ET and NSBBs. Moreover, accord-
ing to meta-analysis, deaths due to all causes do 
not differ between the two groups of patients.11,16 
Consequently, use of TIPS treatment has been lim-
ited worldwide in the last decade. However, in the 
present study, elective TIPS was found to be more 
effective than ET in terms of prevention of recur-
rent GEVB and was associated with a similar rate 
of encephalopathy, and with a similar survival rate 
which accords with the results of recently pub-
lished studies.5,15-18 These results were also in line 
with a meta-analysis that included mostly studies 
from 2000–2010.19 So far, most evidence for the use 
of TIPS for secondary prevention of GEVB comes 
from randomized studies published between 1995 
and 2002 with patient’s follow-up period, on aver-
age 20 months (ranged from 15 to 37 months).7-11 In 
twelve studies, patients were included in the study 
24 hours to 96 hours from the last bleeding and 
only in one study two weeks after the last bleed-
ing.8 A meta-analysis of studies showed a small 
number of recurrent bleeding in the TIPS group 
(19%, range 9–40% vs. 44.4%, range 21–61% in the 
ET group). In these studies, they basically did not 
distinguish urgent TIPS from elective TIPS.

Studies which could evaluate the role of elective 
TIPS in comparison to ET in patients with recur-
rent variceal bleeding episodes are rare.12 There is 
even fewer studies which could analyse the long-
term effect of TIPS vs. ET.13,14 

In our study, there was less recurrent bleeding 
episodes in the TIPS group of patients in compari-
son to the ET group of patients (21.4% vs. 66.1%, re-
spectively), which accords with the results of pre-
vious comparable studies.17-20 Most of the patients 
in our study had recurrent bleeding episode with-
in the first two years (46.6% in the TIPS group vs. 
83.7% in the ET group). Moreover, a total number of 
recurrent bleeding episodes (which required endo-
scopic intervention and hospitalization) was lower 
in the TIPS group; the difference between the two 
groups was statistically significant. Multivariate 
analysis identified ET as the only significant inde-
pendent predictor of recurrent bleeding. The main 
advantage of TIPS procedure compared to ET 
seems to be due to the direct and controlled reduc-
tion of hepatic venous pressure gradient (HVPG) 
during procedure below the threshold value for 
variceal rupture and bleeding (i.e. < 12 mmHg) or 
≥ 20% reduction of baseline HVPG value.20,21 By 
reducing HVPG, we not only improve the rate of 
variceal rebleeding, but also reduce other compli-

cations of PH, such as ascites, and improve liver 
and kidney function. In our study, the mean reduc-
tion of HVPG was 35.9%. This correlates to previ-
ous studies, which showed that reducing HVPG > 
20% below baseline value contributes to lower risk 
for recurrent bleeding, spontaneous bacterial peri-
tonitis, ascites and death.21 Reducing of HVPG is 
therefore crucial for higher quality and longer sur-
vival of patients with liver cirrhosis. There are also 
fewer recurrent bleeding episodes in patients who 
are treated with surgical portosystemic shunts, 
which correlates with our asumption of direct im-
pact of reduced HVPG on the course of disease.22 
The recurrent bleeding in the TIPS group occurred 
most frequently due to shunt malfunction, and 
in more than half of patients, shunt malfunctions 
were successfully repaired with an additional bal-
loon dilatation and stent or stent graft insertion. 
In the majority of patients, shunt malfunction was 
determined by Doppler ultrasound before the ap-
pearance of clinical signs. Fewer reintervention 
and rebleeding episodes were reported for studies 
where patients, as in the present study, had regular 
ultrasound monitoring.23

FIGURE 2. Survival curves for the two groups.

Kaplan-Meier curve. ET = Endoscopic treatment; TIPS = transjugular intrahepatic 
portosystemic shunt; N (TIPS) = 70; N (ET) = 56
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Because rebleeding is associated with increased 
risk of mortality, preventing variceal rebleeding 
may be a substitute outcome of survival.24-26 Based 
on our study, recurrent bleeding episode seems 
to be the leading cause of death in the ET group 
of patients and liver failure in the TIPS group of 
patients; differences were statistically significant 
(Table 3). Despite statistically significant lower 
mortality rate due to recurrent variceal bleeding 
episode in the TIPS group of patients, it did not 
result in improved long-term survival between the 
two groups. The TIPS group of patients had bet-
ter 2-year survival rates, but the difference was not 
statistically significant. We assumed that other fac-
tors than rebleeding may have contributed to the 
observed mortality in both groups. Liver failure 
was the leading cause of death in patients who sur-
vived more than 2 years, which suggests that pre-
served liver function is the main predicting factor 
of long-term survival in patients with liver cirrho-
sis and portal hypertension, whereas occurrence of 
recurrent variceal bleeding only has a minor effect 
(5–10% based on our study).17

The incidence of hepatic encephalopathy before 
joining the study was the same in both groups and 
is comparable to literature.14,27,28 Causes of the same 
frequency of HE are the most likely comparable 
clinical characteristics of patients prior to being in-
cluded in the study: hemodynamically stable and 
under-conditions, patients with similar liver cir-
rhosis, the same number of patients with Child B 
and Child C hepatic impairment, and similar age 
of patients. Compared to previous studies, the inci-
dence of HE in the TIPS group is lower in our study 
and slightly higher than in the ET control group, 
but the difference is not statistically significant, 
which accords with the results of comparable stud-
ies.27,28

Our study has limitations which have to be 
mentioned. First, the most important is its retro-
spective nature, so the analysis is subject to po-
tential patient selection bias. Our data recording 
was limited to the available medical records and 
documentation, so we cannot exclude some degree 
of underreporting due to inherent limitations of 
non-standardized clinical documentations outside 
of clinical studies. Second, because the primary 
endpoint is variceal rebleeding, the power calcula-
tion is primarily based on a difference in the rate 
of variceal rebleeding between both groups. Thus, 
the data regarding mortality should not be over-
emphasized. Third, this study is being conducted 
in a single tertiary centre with the TIPS technique 
experience. Accordingly, our findings might not be 

promptly generalized to other centres with less ex-
perience. Fourth, treatment of GEVB has improved 
over the past few decades in all fields of medicine, 
including the treatment of complications of liver 
cirrhosis and portal hypertension, EVL and the use 
of endoprosthesis in the TIPS group in later years 
as compared to earlier years, when EST and stent 
were commonly used. Despite these limitations, 
there was a large number of patients enrolled in 
this study, and they were followed for a long time 
period. Acorrding to available international litera-
ture, our study was the longest in terms of observa-
tion time of both, TIPS and ET, groups of patients 
(median observation time 47 months for the TIPS 
group and 40 months for the ET group).

In conclusion, TIPS compared to ET in combi-
nation with NSBB was more effective in the pre-
vention of recurrent gastroesophageal variceal 
bleeding, had significantly lower mortality due to 
recurrent variceal bleeding, but did not result in 
long-term survival benefit. The incidence of he-
patic encephalopathy was similar in both groups. 
Liver failure was the leading cause of death in pa-
tients surviving more than 2 years, which suggests 
that preserved liver function is the main predicting 
factor of long-term survival, whereas occurrence of 
recurrent variceal bleeding only has a minor effect.
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Background. Critically ill cancer patients have an increased risk of developing acute neurological signs. The study 
objective was to evaluate the use and the usefulness of emergency head computed tomography (EHCT) in this 
category of patients.
Patients and methods. This retrospective, single-centre, cohort study included patients with EHCT performed during 
Intensive Care Unit (ICU) admission for a period of three years. Indications, imagistic findings, type of malignancy, and 
outcome were evaluated to identify diagnostic yield and correlations between abnormal findings on positive scans, 
malignancy type, and mortality rate.
Results. Sixty-four EHCTs were performed in 54 critically ill cancer patients, with 32 scans (50%) showing previously 
unknown lesions and considered to be positive. The most frequent abnormal findings were ischemic (15 EHCTs, 47%) 
and haemorrhagic (13 EHCTs, 40%) lesions. Thirty-eight EHCTs (59%) were indicated for altered mental status, with a 
positivity rate of 50%. Eighteen EHCTs (48%) were performed in hematological malignancy patients: 9 (50%) of which 
were positive with 8/9 (89%) displaying hemorrhagic lesions. Twenty EHCTs were performed in solid tumour patients, 
10 (50%) of which were positive, with 9/10 (90%) displaying ischemic lesions. Out of 54 patients, 30 (55%) died during 
ICU stay. The mortality rate was higher in patients with hematological malignancies and positive EHCT (78% vs. 58%).
Conclusions. Diagnostic yield of EHCT in critically ill cancer patients is much higher than in other categories of ICU 
patients. We support the systematic use of EHCT in critically ill, mainly hemato-oncological patients with nonspecific 
neurological dysfunction, as it may lead to early identification of intracranial complications.

Key words: emergency head CT; altered mental status; cancer; critically ill; neurological complications

Introduction

Acute neurological dysfunction is common in pa-
tients admitted to the Intensive Care Unit (ICU) 
with a wide spectrum of neurological findings 
including depressed consciousness, delirium, sei-
zures and focal neurological signs.1 Underlying 
etiologies include, but are not limited to, stroke 
(due to hemodynamic instability and coagulation 
abnormalities), use of sedative drugs, systemic in-

flammatory response and metabolic and endocrine 
disturbances.2

Emergency head computed tomography 
(EHCT) is often performed in critically ill patients 
to investigate neurologic signs and symptoms, 
such as focal neurologic deficits and seizure activ-
ity. The utility of imaging for patients who develop 
nonspecific altered mental status (AMS) is unclear.3 
AMS is a broad term, and can imply either change 
in consciousness (supratentorial function) or in 
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arousal (executed by the brainstem). Underlying 
etiologies include both systemic and central nerv-
ous system processes, the latter encompassing both 
organic and functional causes. The complex differ-
ential diagnosis can make AMS a potentially vex-
ing clinical problem.4

Obviously, EHCT can provide important infor-
mation for patient management, but in critically ill 
patients there are risks associated with transport 
and examination.3 In addition, the financial ex-
penses of possible unnecessary testing should also 
be taken into consideration.5 Therefore, an EHCT 
request in an ICU patient should be carefully as-
sessed, in order to decide if the potential benefits 
outweigh the risks. 

Studies on head CTs use and appropriateness in 
critically ill medical and surgical patients were pre-
viously conducted, to assess the usefulness of clini-
cal variables in selecting patients to be scanned2,6,7 
or to provide estimates of the frequency of acute 
changes on head CTs and therefore, their diagnos-
tic yield.3,8-10

Critically ill oncological patients have an in-
creased risk of developing acute neurological 
dysfunction due to several reasons. Sepsis is the 
most frequent cause of ICU admission in onco-
logical patients; therefore, septic encephalopathy 
is common. Multiple organ dysfunction increases 
the risk for metabolic neurological dysfunction re-
lated to renal, hepatic or electrolytic disturbances. 
Thrombocytopenia and coagulation abnormalities 
predispose to intracranial bleeding. Central nerv-
ous system metastasis/infiltration by malignant 
cells may be present. The differential diagnosis of 
putative processes is challenging in these complex 
circumstances. 

Therefore, the primary aim of this study was 
to evaluate EHCT diagnostic yield in a cohort of 
oncological patients treated in a mixed, non-neu-
rosurgical ICU. Furthermore, we evaluated the dis-
tribution of positive EHCT according to the type of 
malignancy (hematological or solid tumour) and 
the relationship between positive EHCT and clini-
cal indications. Finally, we evaluated the patients’ 
outcomes related to their EHCT results.

Patients and methods
Study design

The study was performed in the Regional Institute 
of Oncology, Iasi, Romania, a 300-bed teaching 
hospital providing all types of antineoplastic treat-
ment (surgery, chemo-, radio-, hormone- and im-

munotherapy). Neurosurgery is not performed in 
our institution; thus, the cohort of oncological pa-
tients did not include neurosurgical patients, who 
have specific indications for EHCT.

This retrospective, single-centre, cohort study 
included all patients admitted to our 11-beds ICU 
for a period of 3 years, with at least one EHCT 
performed during ICU admission, as indicated by 
the intensivist/neurologist. The medical charts of 
the included patients were reviewed. The scanned 
patients were identified using the Radiology and 
Imaging Department records. Data were extracted 
from electronic medical records, CT reports, CT 
scan request forms and ICU charts. We extracted 
demographic information, comorbidities, risk fac-
tors for stroke, hospital/ICU admission/discharge 
data, ICU admission diagnosis, type of malignancy 
(hematological or solid tumour), clinical indication 
for EHCT, contrast or non-contrast agent EHCT, 
platelet count and coagulation profile, and out-
come.

Indications for EHCT

We assessed the indications for EHCT using the CT 
request forms and relevant physician notes in the 
ICU charts. Head CT exclusion criteria included in-
dications related to craniofacial cancers (diagnostic 
or follow-up CT); head trauma during hospitalisa-
tion (e.g., falling from the same level during a syn-
copal state); missing information about the clinical 
indication; and missing CT report. One head CT 
was also excluded due to a massive lung bleeding, 
so the scan could not be completed. 

Indications of EHCT were recorded as: (1) AMS, 
(2) focal neurologic deficit (FND), (3) seizure ac-
tivity, or (4) other. AMS was defined as an altera-
tion in consciousness or cognition documented 
in the charts as assessed by clinical examination. 
FND was identified by screening patients’ medical 
charts for key phrases within the documentation of 
neurologic examinations performed by ICU physi-
cians or neurology consultants. These key phrases 
indicative for neurologic abnormalities: new cra-
nial nerve deficit, motor or sensory unilateral limb 
deficit or reflex abnormalities. Seizure activity was 
also identified during the review of charts. Other 
CT scan indications included persistent headache, 
re-evaluation after a previous scan, or post-anoxic 
encephalopathy. For patients who had more than 
one indication for EHCT, all were recorded in our 
database. Also, multiple scans for the same patient 
during the ICU stay were introduced in the data-
base alongside the recorded clinical indications.
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Interpretation of head CTs

All the EHCTs were interpreted by radiologists 
from the Radiology and Imaging Department. The 
CT reports were retrospectively scored as positive 
or negative by the study team. A positive EHCT 
was defined as one that found any previously un-
known intracranial abnormality that could corre-
late with the clinical indication. All hemorrhagic 
lesions (intracerebral, subarachnoid, and intraven-
tricular hemorrhage) were counted as „intracranial 
hemorrhagic lesions”. Also, concomitant lesions on 
the same CT scan were counted, so abnormal find-
ings consequently outnumbered positive EHCTs.

Statistical analysis

Data were analyzed using MedCalc Statistical 
Software version 19.1.7 (MedCalc Software Ltd, 
Ostend, Belgium; https://www.medcalc.org; 2020). 
Variables distribution assumptions were tested 
for normality using histograms and the Shapiro-
Wilk test. Comparisons between normally dis-
tributed continuous variables were performed 
using Student’s t-test. Comparisons between 
non-normally distributed continuous variables 
were performed using the Mann-Whitney U-test. 
Comparisons between categorical variables were 
performed using the Chi-squared test or Fisher’s 
exact test. 

Categorical variables were presented as number 
(n) and percentage (%). Continuous variables were 
presented as mean and standard deviation (SD) if 

normally distributed, or as median and interquar-
tile range (IQR) if non-normally distributed.

Ethical issues

The study was approved by the Research Ethics 
Committee of the Regional Institute of Oncology 
Iasi. Being a retrospective study, an informed con-
sent waiver was issued.

Results
Study group

A total of 1471 patients from three hospital depart-
ments, namely: Oncological Surgery, Oncology, 
and Hematology, were admitted to ICU during 
the study period. These patients were mostly men 
(55%), with a mean age of 63.0 ± 12.5 years, and 
522/1471 (35.5%) had hematological malignancies. 
The median ICU length of stay (LOS) was 6.5 (3–9) 
days, 400 patients (27.2%) died during their ICU 
hospitalization.

In the study period 69 head CT scans were per-
formed for 59 ICU patients, representing 4% of 
ICU-admitted patients. Five head CTs performed 
for five patients were excluded for reasons men-
tioned above. At the end, the analysis sample in-
cluded 64 EHCTs for 54 ICU patients (Figure 1). 
Intravenous contrast agent was used in 39 (57%) 
EHCTs in 34 (63%) patients, according to clinical 
indications and patient comorbidities (e.g., renal 
failure).

The EHCT patients had similar characteristics in 
terms of gender, age, and malignancy type distribu-
tion to the whole group of ICU-admitted patients. 
The median ICU LOS of EHCT patients was higher 
than the general median ICU LOS (10.5 vs. 6.5 days). 
The ICU mortality of EHCT patients was twice the 
general ICU mortality (55% vs. 27.2%), (Table 1).

Indications for EHCT 

Out of 64 EHCTs, 18 (28%) had more than one 
clinical indication. Thirty-eight scans (59%) were 
indicated for AMS, 21 (32%) for FND and 7 (11%) 
for seizure. As expected, the proportion of posi-
tive EHCTs indicated for FND (13/21, 62%) and 
for seizure (5/7, 71%) was higher than the propor-
tion of positive EHCTs indicated for AMS (19/38, 
50%). The number of positive EHCTs indicated for 
other reasons was significantly lower (3/16, 18%), 
(Table 2).

FIGURE 1. Study flowchart.
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and follow-up, usually with a higher probability of 
positive findings.

The main indications for EHCTs in our study 
were FND/seizure. Analyzing the newly diagnosed 

TABLE 1. Characteristics of EHCT patients 

Variables Overall
(n = 54)

(+) EHCT 
(n = 24)

(-) EHCT 
(n = 30)

p 
value

Age 61 (12.7) 62 (13.2) 60 (12.4) 0.74

Gender

 Male 28 (51.9) 16 (67.7) 12 (40.0) 0.05

 Female 26 (48.1) 8 (33.3) 18 (60.0)

Malignancy type 

 Solid tumour 33 (61.1) 15 (62.5) 18 (60.0) 0.85

 Haematological 
malignancy 21 (38.9) 9 (37.5) 12 (40.0)

Outcome

 ICU LOS 10.5 (6–14) 8.5 (4–11) 12.5 (7–15) 0.03

 Hospital LOS 18 (12–30) 15.5 (10–26) 20.0 (14–34) 0.10

 ICU mortality 30 (55.6) 14 (58.3) 16 (53.3) 0.71

Variables are presented as number (%), mean (standard deviation [SD]) or median (interquartile 
range [IQR]).

EHCT = emergency head computed tomography; ICU = Intensive Care Unit; LOS = length of stay; 
n = number

TABLE 2. Characteristics of ECHTs

Variables EHCT
(n = 64)

(+) EHCT 
(n = 32)

(-) EHCT 
(n = 32)

p 
value

Indications 

Altered mental status 38 (59.4) 19 (59.4) 19 (59.4) 1.00

Focal neurological 
deficits 21 (32.8) 13 (40.6) 8 (25.0) 0.27

Seizures 7 (10.9) 5 (15.6) 2 (6.2) 0.26

Other 16 (25.0) 3 (9.4) 13 (40.6) < 0.01

Results

Ischemic stroke 15 (23.4) 15 (46.9)

Haemorrhagic lesions 13 (20.3) 13 (40.6)

Cerebral oedema 10 (15.6) 10 (31.2)

Brain metastases 5 (7.8) 5 (15.6)

CNS infiltrates 1 (1.6) 1 (3.1)

Arterio-venous 
malformation 2 (3.1) 2 (6.2)

Hydrocephalus 1 (1.6) 1 (3.1)

Primary brain tumour 2 (3.1) 2 (6.2)

Variables are presented as number (%). 

EHCT = emergency head computed tomography; n = number

Positive EHCT

In the group with positive EHCT, 24 (44%) out of 54 
patients had previously unknown lesions (Table 1). 
When analyzing positive EHCTs, 32 (50%) scans 
out of 64, showed previously unknown lesions 
(Table 2).

Abnormal findings on positive EHCT

When analyzing the positive EHCTs, the abnor-
mal findings were: ischemic lesions, intracranial 
hemorrhagic lesions, cerebral oedema, brain me-
tastases, leukemic infiltration, arteriovenous brain 
malformation, solid tumours, and hydrocephalus 
(Table 2). Abnormal findings with the highest fre-
quencies were ischemic and hemorrhagic lesions. 
Their distributions were further analyzed accord-
ing to EHCT indications (Table 3).

Because AMS was the most frequent nonspecific 
indication for scanning, we analyzed abnormal 
findings on EHCT performed for this indication. 
Out of 38 scans indicated for AMS, 18 (48%) were 
performed in hematological patients: 9 (50%) of 
which were positive, with 8/9 (89%) hemorrhagic 
and 2/9 (21%) ischemic lesions. In 18 patients with 
solid tumours, 20 EHCTs were performed for AMS, 
and 10 (50%) of which were positive 9/10 (90%) 
were ischemic and 2/10 (20%) displayed hemor-
rhagic lesions.

Outcome 

Out of 54 patients, 30 (55%) died during ICU hos-
pitalization. The mortality was similar in patients 
with positive (58%) vs. negative (53%) EHCT, but 
higher in patients with hematological malignancies 
and positive EHCT vs. negative EHCT (7/9, 78% re-
spectively 7/12, 58%), (Table 4). 

Twenty-two out of 30 patients (73%) with EHCT 
indicated for AMS died in the ICU. The mortality 
of haematological patients with AMS was higher 
for positive (6/7, 85%) than negative (6/9, 67%) 
EHCTs, (Table 5).

Discussions

Our study showed a high rate of newly diagnosed 
intracranial processes by EHCT in a cohort of non-
neurosurgical oncological patients admitted to ICU 
for non-neurological reasons. Exclusion of neuro-
surgical patients is worth mentioning, because this 
class of patients demands more scans for diagnosis 
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intracranial processes, we found a higher rate of 
hemorrhagic lesions in hematological patients and  
ischemic lesions in solid tumour patients. All pa-
tients were undergoing antineoplastic treatment at 
the time of ICU admission, i.e.: chemotherapy for 
hematological patients and chemotherapy, radio-
therapy, or surgery for patients with solid tumours. 
Along with other recognized risk factors specific for 
critical illness (e.g., septic encephalopathy, residual 
sedation, immobilization, comorbidities), antineo-
plastic treatment adds to risk factors for neurologi-
cal complications. Hematologic malignancies and 
chemotherapy usually lead to thrombocytopenia 

TABLE 3. Distribution of ischemic and haemorrhagic lesions according to EHCTs 
indications

Indications for EHCT (+) EHCT
(n = 32)

Ischemic 
stroke 

(n = 15)

Haemorrhagic 
lesions
(n = 13)

p 
value

Altered mental status 19 (59.4) 11 (28.9) 10 (26.3) 0.80

Focal neurological 
deficits 13 (40.6) 5 (23.8) 6 (28.6) 0.73

Seizures 5 (15.6) 1 (14.3) 1 (14.3) -

Other 3 (9.4) 1 (6.2) 0 (0.0) -

Variables are presented as number (%). 

EHCT = emergency head computed tomography; n = number

TABLE 4. Mortality in patients with positive and negative EHCTs

Patients Total Solid tumours Haematological 
tumours

EHCT+, all 24 15 9

EHCT+, dead (%) 14 (58) 7 (46) 7 (78)

EHCT-, all 30 18 12

EHCT-, dead (%) 16 (53) 9 (50) 7 (58)

EHCT = emergency head computed tomography

TABLE 5. Mortality in patients with positive and negative EHCTs indicated for AMS

Patients with AMS Total Solid tumours Haematological

AMS & EHCT+, all 13 6 7

AMS & EHCT+, dead (%) 10 (76) 4 (67) 6 (85)

AMS & EHCT-, all 17 8 9

AMS & EHCT-, dead (%) 12(70) 6 (75) 6 (67)

AMS = altered mental status; EHCT = emergency head computed tomography

and coagulation disorders, predisposing to intrac-
ranial bleeding. On the other hand, inflammation 
associated with antineoplastic treatments in solid 
tumours significantly increases ischemic risk in 
patients who already have a procoagulant status. 
These features explain the distribution pattern of 
abnormal radiologic findings among patients and 
seem to be related to their outcomes.

ICU physicians are often faced with the dilem-
ma of selecting the most appropriate diagnostic 
test for their patients. CT is widely used in criti-
cally ill patients due to its availability, accessibility, 
no need for compatible devices, and shorter dura-
tion, and is indicated for many clinical reasons in 
a wide range of suspected pathology.10 Cerebral 
magnetic resonance imaging (MRI) is a superior 
diagnostic tool for critically ill patients with neuro-
logical disturbances. Compared with CT, MRI has 
an increased diagnostic sensitivity for acute stroke, 
neoplasms, infections and encephalopathy due to 
hypoxia, sepsis, uremia, hyperammonemia, glu-
cose and sodium abnormalities.12 Comparing CT 
and MRI performed in critically ill patients dur-
ing the same ICU admission, the MRI diagnostic 
yield was better by 33%, but changed the CT based 
working diagnosis for only 4.4% of patients.11 In 
addition, MRI has numerous safety challenges in 
ICU patients, the particular one being the need 
for MRI-compatible monitoring and life-support 
equipment. Considering the risk-benefit ratio, MRI 
indications in critically ill patients should probably 
include request for additional assessment of CT 
findings and evaluation of patient with persistent 
neurologic symptoms despite a normal/equivocal 
CT.

The associated risks and costs of every investi-
gation must be weighed against the failure of a cor-
rect diagnosis. Moreover, in oncological patients, 
it is difficult to keep a good balance between un-
der- and over-imaging, mainly in the case of non-
specific clinical signs. Our results support the need 
for systematic EHCT in the subgroup of critically 
ill hemato-oncological patients with AMS.

In our study, we recorded very low scanning 
rates when compared to published data (4% vs. 
10.7–33%).2,3,7,9,12 There are several explanations for 
this seemingly under-investigation. In contrast to 
other published studies, we analyzed only EHCTs 
indicated during ICU stay in oncological patients 
admitted with non-neurological diagnosis. Namely, 
we analyzed only EHCTs that were indicated for 
new neurological signs developed during ICU ad-
mission. The high risks associated with transport 
and CT examination in unstable oncological pa-
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tients should be weighed against the benefits in 
terms of prognosis and therapeutic options. 

Complications involving the central nervous 
system are frequently encountered in critically ill 
patients. In the literature, when present, they near-
ly double the risk of ICU mortality (55% vs. 28.5% 
in patients without neurological complications).13 
Similarly, in our study, the outcomes of patients 
with EHCTs were worse than of patients without 
brain scans, thus, without neurological impairment. 

We found that half of the EHCTs were positive, 
which was higher than reported by other published 
retrospective studies (8%–37%).2,3,7-10 This differ-
ence can be explained by the above mentioned 
study design specificities. 

Beyond the number of positive EHCTs, it is 
worth analyzing their distribution according to 
clinical indication. The occurrence of FND or 
seizures is an undisputable EHCT indication. 
Whether new AMS requires EHCT is debatable. In 
critically ill patients, AMS is a frequent condition 
and could indicate an acute intracranial process, 
but much more commonly is the consequence of 
systemic conditions (e.g., medications and their 
interactions, metabolic impairments, sepsis, renal, 
hepatic, or electrolytic disturbances). Therefore, 
AMS is probably becoming an important topic in 
research: two recent studies8,10 included only pa-
tients with AMS, while another two3,7 found AMS 
to be the clinical indication in 70% and 88% of cases 
(though with a lower rate of positive CTs, in 7.5% 
and 22.8% cases, respectively). Critically ill onco-
logical patients have certain particularities, with 
sepsis being the most common cause of ICU admis-
sion; this increases both the probability of septic 
encephalopathy and the risk of acute intracranial 
processes. Hemato-oncology patients are often ad-
mitted with severe neutropenia and thrombocy-
topenia and represent a specific subgroup due to 
their extremely high risk of septic, hemorrhagic 
and/or ischemic complications. Brain metastases 
or leukemic infiltration, which are associated with 
cerebral oedema, may also be present. These condi-
tions make it difficult to assess the risks and ben-
efits correctly in critically ill haemato-oncological 
patients. Our data revealed a higher probability of 
abnormal findings on scans performed for AMS 
in oncological ICU patients, suggesting that phy-
sicians should have a low threshold indicating 
EHCT for this group. 

In the present study, the two main changes 
identified using CT were acute ischemic and hem-
orrhagic lesions. While the prevalence of ischemic 
stroke was comparable with literature data (25–

62%)10,12, the prevalence of hemorrhagic lesions was 
close to the highest percentage reported (40%).10,12 
Limited published data in critically ill cancer pa-
tients indicate that approximately 18%, who un-
derwent brain CT for acute neurologic symptoms 
and signs, had intracranial hemorrhage.13

EHCT and positive EHCT indicated for AMS 
show similar distribution between hematological 
and solid tumours. For positive EHCT, the type 
of newly occurred intracranial processes varies 
greatly between hematological (mainly hemor-
rhagic lesions) and solid tumour patients (mainly 
ischemic lesions). This distribution pattern could 
be explained by the risk factors mentioned above. 

In EHCT studied patients, we recorded a dou-
bled mortality rate compared with the general 
mortality in ICU patients. However, the mortality 
rate in positive and negative EHCT patients was 
similar. In hematological patients, the difference 
in mortality was recorded between positive and 
negative EHCT, with higher values for those with 
AMS as the clinical indication. The mortality of our 
patients with intracranial hemorrhage was in line 
with that reported in other studies on critically ill 
cancer patients (78%)14 and in hospitalized non-
oncological patients (81%).15,16

Several limitations of our study should be high-
lighted. Being a retrospective study, all data were 
collected from patients’ files, which could have led 
to missed or incomplete information. The cohort 
size might be considered another limitation, as our 
study group was smaller than others.2,3,6,7,9 While 
the cited studies were conducted on medical, sur-
gical, or mixed ICU patients with or without previ-
ous neurological pathology, we included only criti-
cally ill oncological patients with new neurological 
signs occurring during ICU admission. Also, only 
a fraction of the EHCT performed in our patients 
were contrast-enhanced due to various contraindi-
cations. 

Conclusions

In oncological critically ill patients, the diagnostic 
yield of EHCT is much higher than in other cat-
egories of ICU patients. AMS, a clinical sign usu-
ally produced by multiple causes, should be a red 
flag announcing the presence of a new intracranial 
pathologic process in this specific group of patients. 
The results of our study support the systematic use 
of EHCT examination for emerging AMS, as it may 
identify intracranial complications early, particu-
larly bleeding in hemato-oncological patients.
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Background. The study investigated the influence of GCLC, GCLM, GSTM1, GSTT1 and GSTP1 polymorphisms, as 
well as the influence of interactions between polymorphism and interactions between polymorphisms and asbestos 
exposure, on the risk of developing pleural plaques, asbestosis and malignant mesothelioma (MM).
Subjects and methods. The cross sectional study included 940 asbestos-exposed subjects, among them 390 sub-
jects with pleural plaques, 147 subjects with asbestosis, 225 subjects with MM and 178 subjects with no asbestos-related 
disease. GCLC rs17883901, GCLM rs41303970, GSTM1 null, GSTT1 null, GSTP1 rs1695 and GSTP1 rs1138272 genotypes 
were determined using PCR based methods. In statistical analysis, logistic regression was used.
Results. GSTT1 null genotype was associated with the decreased risk for pleural plaques (OR = 0.63; 95% CI = 0.40–
0.98; p = 0.026) and asbestosis (OR = 0.51; 95% CI = 0.28–0.93; p = 0.028), but not for MM. A positive association was 
found between GSTP1 rs1695 AG + GG vs. AA genotypes for MM when compared to pleural plaques (OR = 1.39; 95% 
CI = 1.00–1.94; p = 0.049). The interactions between different polymorphisms showed no significant influence on the risk 
of investigated asbestos-related diseases. The interaction between GSTT1 null polymorphism and asbestos exposure 
decreased the MM risk (OR = 0.17; 95% CI = 0.03–0.85; p = 0.031). 
Conclusions. Our findings suggest that GSTT1 null genotype may be associated with a decreased risk for pleural 
plaques and asbestosis, may modify the association between asbestos exposure and MM and may consequently act 
protectively on MM risk. This study also revealed a protective effect of the interaction between GSTP1 rs1695 polymor-
phism and asbestos exposure on MM risk. 

Key words: polymorphisms; glutathione-related genes; asbestos; asbestosis; pleural plaques; malignant mesothelioma

Introduction

Asbestos exposure, which still represents an im-
portant health problem worldwide, is known to 
be associated with the development of asbestos-
related diseases, including benign pleural diseases 
(e.g. pleural plaques), asbestosis, lung cancer, ma-
lignant mesothelioma (MM) and other types of 

cancer.1,2 The pathogenesis of asbestos-related dis-
eases is complicated and not entirely elucidated. 
Nevertheless, numerous studies have suggested 
that in addition to a direct mechanical injury, as-
bestos may stimulate the production of reactive 
oxygen and nitric species (ROS and RNS) that were 
shown to have an important role in the pathogen-
esis of these diseases. ROS and RNS may cause 
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asbestos-related lung injury, DNA strand breaks 
in mesothelial cells and may increase the risk for 
developing malignancy.3-5 

To detoxify ROS and consequently prevent the 
adverse effects of oxidative stress, the human or-
ganism possesses antioxidant defence systems. 
Glutathione (GSH), a tripeptide composed from 
glutamic acid, cysteine and glycine, is an abundant 
cellular antioxidant which has a major role in the 
protection against oxidative injury in cells. It serves 
as a substrate of many antioxidative enzymes.6,7 
The antioxidant capacity of the glutathione system 
depends on enzymes involved in its biosynthe-
sis, such as glutamate cysteine ligase (GCL), also 
known as gamma glutamylcysteine synthetase, 
as well as on detoxification enzymes, such as glu-
tathione S-transferases (GSTs).6,8-10

GCL is the rate limiting enzyme of the GSH 
synthesis and it is suggested to be the major fac-
tor that determines GSH level in healthy subjects. 
The enzyme consists of two subunits: a heavy cata-
lytic subunit (GCLC) and a light modifier subunit 
(GCLM).6,10 High GSH concentration levels found 
in many tumors have been associated with the in-
creased GCL activity.11,12

GSTs are phase II detoxifying enzymes in-
volved in the inactivation of the electrophiles 
produced by ROS and RNS by catalyzing the 
conjugation of electrophilic compounds with re-
duced glutathione.8,9 In mammals, seven classes of 
cytosolic GST isoenzymes have been recognized: 
Alpha, Mu, Pi, Sigma, Theta, Omega and Zeta.13 
The crucial GST enzyme in the human lung, which 
belongs to the Pi class, is GSTP1.14,15 Two other im-
portant polymorphic GSTs are GSTM1 (Mu class) 
and GSTT1 (Theta class).15,16 

Genes coding for GSH related enzymes are 
polymorphic. Among the most commonly investi-
gated promoter polymorphisms of the GCLC and 
GCLM genes are GCLC rs17883901 (c.-129C>T) and 
GCLM rs41303970 (c.-590 C>T).17-20 Some studies 
indicated that polymorphisms in GCLC and GCLM 
genes are associated with low levels of reduced 
GSH in vitro, which may explain susceptibility to 
certain diseases related to oxidative stress.17,18 The 
GCLC rs17883901 polymorphism has been suggest-
ed to suppress the GCLC gene induction response 
to oxidants and it has been implicated in coronary 
endothelial dysfunction and myocardial infarc-
tion.17 GCLC rs17883901 has also been proposed to 
modulate the renal disease risk in type 1 diabetes 
patients.21 The presence of GCLC rs17883901 T al-
lele and GCLM rs41303970 T allele has also been 
associated with an increased risk of ischemic heart 

disease.19 However, according to the available lit-
erature the association between GCLC and GCLM 
polymorphisms and asbestos-related diseases has 
not been studied so far.

Regarding GSTM1 and GSTT1 genes, the most 
common polymorphism is due to homozygous 
deletion of these genes (null genotype), which 
results in the lack of the GSTM1 and GSTT1 en-
zyme activity.22,23 In the GSTP1 gene, two common 
single nucleotide polymorphisms (SNPs) have been 
described that lead to amino acid substitution and 
consequently reduced enzyme conjugating activ-
ity: GSTP1 rs1138272 (p.Ala114Val) and GSTP1 
rs1138272 (p.Ala114Val).22 Hirvonen et al. reported 
an increased risk for developing MM for indi-
viduals with GSTM1 null genotype.24 Similarly, 
Landi et al. found an increased risk for MM in 
subject with GSTM1 null allele, while no effect 
was observed for GSTP1 and GSTT1 polymor-
phisms.25 In the study of Kukkonen et al., GSTT1 
null genotype increased the risk for asbestos-related 
severe fibrotic changes and GSTM1 null geno-
type was associated with the greatest thickness of 
the pleural plaques.26 Our former study showed 
that asbestosis was associated with GSTT1 null 
genotype, but not with GSTM1 null genotype.27 
Furthermore, we have reported the influence of 
GSTP1 rs1695 on the asbestosis risk, while no 
association was found between GSTP1 rs1138272 
and asbestosis risk.28

The present study aimed to investigate the influ-
ence of GCLC, GCLM, GSTM1, GSTT1 and GSTP1 
polymorphisms on the risk for developing pleural 
plaques, asbestosis and MM. In addition, we also 
investigated the influence of gene-gene interac-
tions and interactions between glutathione-related 
polymorphisms and asbestos exposure on the risk 
for developing these diseases. 

Subjects and methods
Study population

The cross sectional study included all together 940 
asbestos-exposed subjects, among them 390 sub-
jects with pleural plaques, 147 subjects with asbes-
tosis, 225 subjects with MM and 178 subjects with 
no asbestos-related disease. Subjects with pleural 
plaques, asbestosis and MM were considered as 
cases, and those with no asbestos-related disease 
as controls. 

Additionally, comparison was made between 
subjects with MM and subjects with pleural 
plaques.
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Subjects with pleural plaques, asbestosis and 
subjects with no asbestos-related disease were 
presented at the State Board for the Recognition 
of Occupational Asbestos Diseases in the period 
from 1 January 1998 to 31 December 2007 and were 
all occupationally exposed to asbestos. The infor-
mation on all the subjects included was revised 
in 2018 to verify the latest diagnoses of asbestos-
related diseases. Subjects with MM were recruited 
at the Institute of Oncology Ljubljana, where they 
were treated in the period between 1 February 2004 
and 31 December 2018. The study was approved 
by the Slovenian Ethics Committee for Research 
in Medicine and was carried out according to the 
Declaration of Helsinki. 

Clinical diagnosis

The diagnosis of pleural plaques, asbestosis or 
“no asbestos-related disease” was verified by 
two groups of experts of the State Board for the 
Recognition of Occupational Asbestos Diseases, 
each group consisting of a specialist of occupa-
tional medicine, a pulmonologist, and a radiolo-
gist. Subjects with pleural MM were diagnosed 
by ultrasound-guided biopsy or thoracoscopy and 
those with peritoneal MM by laparoscopy. The di-
agnosis of MM was proved histopathologically by 
a pathologist experienced in diagnosing this malig-
nant disease. 

Smoking and asbestos exposure 

Data on smoking were collected during an inter-
view based on a standardized questionnaire. The 
number of pack-years of smoking was calculated 
from the duration of smoking and the number of 
cigarettes smoked per day. 

Data on cumulative asbestos exposure in fibres/
cm3-years were available for the subjects with pleu-
ral plaques, asbestosis, “no asbestos-related dis-
ease” and for 28 patients with MM. Based on the 
data on cumulative asbestos exposure, the asbestos 
exposures in these subjects were divided into three 
groups: low (< 11 fibres/cm3-years), medium (11–20 
fibres/cm3-years) and high (> 20 fibres/cm3-years) 
asbestos exposure. For the subjects with MM who 
lacked the data on cumulative asbestos exposure, 
asbestos exposures were assessed based on the pre-
cise work history and comparison with exposures 
of the group of subjects with known cumulative 
asbestos exposure. Accordingly, their asbestos ex-
posures were divided into three groups with pre-
sumed low, medium or high asbestos exposure.

DNA extraction and genotyping

Genomic DNA was extracted from peripheral 
blood samples using Qiagen FlexiGene Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s 
instructions.

GSTP1 rs1695, GSTP1 rs1138272, GCLC rs17883901, 
and GCLM rs41303970 genotypes were determined 
using competitive allele-specific polymerase chain 
reaction (KASP) assays (LGC Genomics, UK) follow-
ing the manufacturer’s instructions. Homozygous 
GSTM1 and GSTT1 gene deletions (null genotype) 
were determined using multiplex PCR in a single re-
action as previously described with HBB gene serv-
ing as a positive control.29

Statistical methods

Standard descriptive statistics was used to describe 
central tendency and variability of investigated 
variables. Chi-square test and Kruskal-Wallis test 
were used to compare categorical and continu-
ous variables among different groups, respective-
ly. Deviation from Hardy-Weinberg equilibrium 
(HWE) was also evaluated using chi-square test. 
Dominant and additive genetic models were used 
in the analysis. To compare genotype frequencies 
among groups, univariable and multivariable lo-
gistic regression models were used and odds ratios 
(ORs) with 95% confidence intervals (CIs) were cal-
culated. Characteristics used for adjustment in mul-
tivariable analysis were selected using stepwise for-
ward-conditional logistic regression. The possible 
interactions between genotypes as well as between 
genetic polymorphisms, and between genetic poly-
morphisms and asbestos exposure were tested by 
logistic regression models using dummy variables.

Statistical analysis was carried out with IBM 
SPSS Statistics version 21.0 (IBM Corporation, 
Armonk, NY, USA). All statistical tests were two-
sided and the level of significance was set at 0.05.

Results

The characteristics of the groups of subjects with 
pleural plaques, asbestosis, MM and subjects 
without asbestos-related disease are presented in 
Table 1. A statistically significant difference be-
tween the groups was observed for the age (p < 
0.001), pack-years of smoking (p = 0.024) and as-
bestos exposure (p < 0.001). The mean age was the 
highest for subjects with MM (65 ± 10.7 years), fol-
lowed by subjects with asbestosis (58.7 ± 9.1 years). 
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The mean values of pack-years of smoking were 
the highest in subjects with asbestosis (24.4 ± 18.6) 
and in subjects with MM (23.2 ± 17.2). Regarding 
asbestos exposure, the percent of subjects with low 
asbestos exposure was the highest for the group of 
subject with no asbestos-related disease (77.5%), 

followed by the group of subjects with pleural 
plaques (72.3%) (Table 1).

The genotype frequencies for all studied genetic 
polymorphisms are shown in Table 2. Genotype 
frequencies for all investigated SNPs were con-
cordant with HWE.

TABLE 1. Characteristics of subjects without asbestos-related disease, subjects with pleural plaques, asbestosis or malignant mesothelioma

Characteristic No disease
(N = 178)

Pleural plaques
(N = 390)

Asbestosis
(N = 147)

Malignant 
mesothelioma 

(N = 225)
P

Gender
Male, N (%) 119 (66.9) 277 (71.0) 110 (74.8) 164 (72.9) 0.407

Chi-square = 2.905, 
df = 3Female, N (%) 59 (33.1) 113 (29.0) 37 (25.2) 61 (27.1)

Age (years)

Mean ± SD 57.6 ± 9.5 55.8 ± 9.5 58.7 ± 9.1 65.0 ± 10.7
< 0.001

Test-statistic = 115.390Median (25%–75%) 56.6 (49.6–65.1) 55.0 (48.8–62.7) 59.1 (51.4–65.3) 66 (58–73)

Min–max 38.2–79.9 34.4–85.8 37.2–79.2 19–95

Smoking 
No, N (%) 95 (53.4) 193 (49.5) 72 (49.0) 117 (53.7) [7] 1.614

Chi-square = 0.656, 
df = 3Yes, N (%) 83 (46.6) 197 (50.5) 75 (51.0) 101 (46.3)

Pack-years of smoking 
(smokers only)

Mean ± SD 21.0 ± 15.8 [4] 18.1 ± 15.6 [22] 24.4 ± 18.6 [2] 23.2 ± 17.2 [14]
0.024

Test-statistic = 9.474Median (25%–75%) 20 (9–30) 15 (5–28) 22.8 (10–32.7) 20 (8–35)

Min–max 0.1–65.3 0.05–96.6 0.15–90 1–69

Asbestos exposure

Low, N (%) 138 (77.5) 277 (72.3) [7] 75 (51.7) [2] 34 (45.9) [151]
< 0.001

Chi-square = 53.864, 
df = 6

Middle, N (%) 13 (7.3) 38 (9.9) 28 (19.3) 23 (31.1)

High, N (%) 27 (15.2) 68 (17.8) 42 (29.0) 17 (23.0)

Number of missing data is presented in [] brackets. P-values were calculated using chi-square test for categorical or Kruskal-Wallis test for continuous variables. SD = standard 
deviation

TABLE 2. Genotype frequencies in all subjects, subjects without asbestos-related disease, subjects with pleural plaques, asbestosis and malignant 
mesothelioma

Polymorphism Genotype All subjects
(N = 940)

No disease
(N = 178)

Pleural plaques
(N = 416)

Asbestosis
(N = 160)

Malignant 
mesothelioma  

(N = 154)

GCLC rs17883901
c.-129C>T

CC 772 (82.1) 149 (83.7) 310 (79.5) 124 (84.4) 189 (84)

CT 162 (17.2) 29 (16.3) 78 (20) 23 (15.6) 32 (14.2)

TT 6 (0.6) 0 (0) 2 (0.5) 0 (0) 4 (1.8)

GCLM rs41303970
c.-590C>T

CC 581 (61.8) 114 (64) 233 (59.7) 87 (59.2) 147 (65.3)

CT 306 (32.6) 54 (30.3) 135 (34.6) 51 (34.7) 66 (29.3)

TT 53 (5.6) 10 (5.6) 22 (5.6) 9 (6.1) 12 (5.3)

GSTM1 Gene deletion
present 384 (40.9) 74 (41.6) 159 (40.8) 64 (43.5) 87 (38.7)

null genotype 556 (59.1) 104 (58.4) 231 (59.2) 83 (56.5) 138 (61.3)

GSTT1 Gene deletion
present 782 (83.2) 138 (77.5) 330 (84.6) 128 (87.1) 186 (82.7)

null genotype 158 (16.8) 40 (22.5) 60 (15.4) 19 (12.9) 39 (17.3)

GSTP1 rs1695
p.Ile105Val

AA 454 (78.3) 78 (43.8) 202 (51.8) 76 (51.7) 98 (43.6)

AG 394 (41.9) 81 (45.5) 155 (39.7) 55 (37.4) 103 (45.8)

GG 92 (9.8) 19 (10.7) 33 (8.5) 16 (10.9) 24 (10.7)

GSTP1 rs1138272
p.Ala114Val

CC 785 (83.5) 141 (79.2) 334 (85.6) 121 (82.3) 189 (84)

CT 146 (15.5) 34 (19.1) 54 (13.8) 23 (15.6) 35 (15.6)

TT 9 (1.0) 3 (1.7) 2 (0.5) 3 (2) 1 (0.4)
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In univariate logistic regression analysis, no 
association was found between GCLC rs17883901 
and GCLM rs41303970 genetic polymorphisms and 
asbestos-related diseases.

GSTT1 null genotype was associated with the 
decreased risk for asbestos-related diseases when 
analysed together (OR = 0.63; 95% CI = 0.42–0.95; p 
= 0.026). When analysing the risk for each disease 
separately, GSTT1 null genotype was associated 
with the decreased risk for pleural plaques (OR 
= 0.63; 95% CI = 0.40–0.98; p = 0.026) and asbesto-
sis (OR = 0.51; 95% CI = 0.28–0.93; p = 0.028), but 
not for MM. No association was found between 
GSTM1 null genotype and asbestos-related dis-
eases. Regarding GSTP1 polymorphisms, a posi-
tive association was found between GSTP1 rs1695 
AG + GG vs. AA genotypes for MM only when 
compared to pleural plaques (OR = 1.39; 95% CI = 
1.00–1.94; p = 0.049) (Table 3).

Regarding age, no association was found be-
tween age and pleural plaques (OR = 0.98; 95% CI 
= 0.96–1.00; p = 0.032). A slight association was ob-
served between age and MM (OR = 1.07; 95% CI = 
1.05–1.10; p < 0.001), as well as between age and 
MM when compared to pleural plaques (OR = 1.10; 
95% CI = 1.08–1.12; p < 0.001).

The analysis of association between asbestos 
exposure and asbestos-related diseases revealed 
a positive association between high and medium 
vs. low asbestos exposure and all asbestos-related 
diseases (OR = 1.93; 95 % CI = 1.31–2.85; p = 0.001), 
between high and medium vs. low asbestos expo-
sure and asbestosis (OR = 3.22; 95% CI = 1.99–5.20; 
p < 0.001), and between high and medium vs. low 
asbestos exposure and MM (OR = 4.06; 95% CI = 
2.28–7.23; p < 0.001). When analysing the associa-
tion between high and medium vs. low asbestos ex-
posure and MM compared to pleural plaques, the 
OR was 3.07 (95 % CI = 1.85–5.12; p < 0.001).

In multivariate logistic regression analysis, 
the risk of GSTT1 null genotype for all asbestos-
related diseases together (OR = 0.62; 95% CI = 
0.41–0.94; p = 0.025) and separately for asbestosis 
(OR = 0.51; 95% CI = 0.27–0.95; p = 0.033) did not 
change considerably after adjustment for asbestos 
exposure. Similarly, the risk of GSTT1 null geno-
type for pleural plaques remained practically un-
changed after adjustment for age (OR = 0.63; 95% 
CI = 0.40–0.99; p = 0.046). On the contrary, the 
risk of GSTP1 rs1695 AG + GG vs. AA genotypes 
for MM compared to pleural plaques increased 
slightly (OR = 1.97; 95% CI = 1.14–3.39; p = 0.015) 

TABLE 3. The association between different asbestos-related diseases and genotypes in univariate analysis

Polymorphism Genotype
Asbestos-related disease 

vs. no disease
Pleural plaques  
vs. no disease

Asbestosis  
vs. no disease

MM  
vs. no disease

MM  
vs. plaques

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

GCLC 
rs17883901

CC Reference Reference Reference Reference Reference

CT+TT 1.15 (0.74–1.78) 0.541 1.33 (0.83–2.12) 0.237 0.95 (0.52–1.73) 0.874 0.98 (0.57–1.67) 0.937 0.74 (0.48–1.14) 0.169

GCLM 
rs41303970

CC Reference Reference Reference Reference Reference

CT 1.14 (0.80–1.63) 0.476 1.22 (0.83–1.80) 0.308 1.24 (0.77–1.99) 0.378 0.95 (0.61–1.46) 0.809 0.77 (0.54–1.11) 0.164

TT 1.05 (0.51–2.15) 0.895 1.08 (0.49–2.35) 0.853 1.18 (0.46–3.03) 0.732 0.93 (0.39–2.23) 0.872 0.86 (0.42–1.80) 0.697

CT+TT 1.13 (0.80–1.58) 0.495 1.20 (0.83–1.73) 0.330 1.23 (0.78–1.93) 0.369 0.95 (0.63–1.43) 0.788 0.79 (0.56–1.11) 0.170

GSTM1
present Reference Reference Reference Reference Reference

null 
genotype 1.04 (0.74–1.44) 0.828 1.03 (0.72–1.48) 0.857 0.92 (0.59–1.44) 0.721 1.13 (0.76–1.69) 0.554 1.09 (0.78–1.53) 0.608

GSTT1
present Reference Reference Reference Reference Reference

null 
genotype 0.63 (0.42–0.95) 0.026 0.63 (0.40–0.98) 0.041 0.51 (0.28–0.93) 0.028 0.72 (0.44–1.18) 0.198 1.15 (0.74–1.79) 0.527

GSTP1 rs1695

AA Reference Reference Reference Reference Reference

AG 0.80 (0.57–1.13) 0.209 0.74 (0.51–1.07) 0.114 0.70 (0.44–1.11) 0.129 1.01 (0.67–1.53) 0.955 1.37 (0.97–1.94) 0.075

GG 0.80 (0.45–1.40) 0.428 0.67 (0.36–1.25) 0.208 0.86 (0.41–1.80) 0.698 1.01 (0.51–1.97) 0.988 1.50 (0.84–2.67) 0.170

AG+GG 0.80 (0.58–1.11) 0.185 0.73 (0.51–1.04) 0.078 0.73 (0.47–1.13) 0.157 1.01 (0.68–1.5) 0.958 1.39 (1.00–1.94) 0.049

GSTP1 
rs1138272

CC Reference Reference Reference Reference Reference

CT+TT 0.70 (0.46–1.05) 0.087 0.64 (0.40–1.01) 0.056 0.82 (0.47–1.43) 0.482 0.73 (0.44–1.21) 0.216 1.14 (0.72–1.79) 0.583

Statistically significant results are printed in bold. MM = malignant mesothelioma
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after adjustment for asbestos exposure and age 
(Table 4).

In further logistic regression analysis, the inter-
actions between polymorphisms showed no signif-
icant influence on the risk for developing asbestos-
related diseases (data not shown). 

Testing the influence of interactions between 
asbestos high and medium vs. low exposure and 
genetic polymorphisms on the risk of asbestos-re-
lated diseases, the interaction between asbestos ex-
posure and GSTT1 null polymorphism decreased 
the risk for developing MM (OR = 0.17; 95% CI = 
0.03-0.85; p = 0.031). Similarly, the interaction be-
tween asbestos exposure and GSTT1 null polymor-
phism (OR = 0.11; 95% CI = 0.02–0.49; p = 0.004) 
and the interaction between asbestos exposure and 
GSTP1 rs1695 polymorphism (OR = 0.14; 95% CI 
= 0.03–0.65; p = 0.012) decreased the risk of MM 
when compared to pleural plaques.

Discussion

The present study investigated the influence of 
genetic polymorphisms in GSH related genes, the 

interactions between these polymorphism, and in-
teractions between polymorphisms and asbestos 
exposure on the risk of asbestos-related diseases.

The present study revealed a protective effect 
of GSTT1 null genotype on the risk of all studied 
asbestos-related diseases together and particu-
larly on the risk of pleural plaques and asbestosis. 
The explanation of these findings could be that in 
some instances GSTT1 may catalyse toxification 
and not detoxification reaction, leading to even 
more reactive conjugate.15 This observation is in 
agreement with the results of our previous study, 
in which GSTT1 null genotype also decreased the 
asbestosis risk.27 On the other hand, in the present 
study GSTM1 null genotype showed no effect on 
the risk of asbestos-related diseases, which is also 
consistent with the results of our previous study.27 
Similar findings were observed by Jakobsson et 
al., who reported no association between GSTM1 
deficiency and parenchymal and pleural abnor-
malities among the workers exposed to asbestos30, 
and also by Hirvonen et al., who revealed no in-
creased risk for the asbestos-related pulmonary 
disorders in subjects with homozygous deletion of 
GSTM1 gene.16 Contrary to the results of our study, 

TABLE 4. The association between different asbestos-related diseases and genotypes in multivariate analysis

Polymorphism Genotype
Asbestos-related disease 

vs. no disease
Pleural plaques  
vs. no disease

Asbestosis  
vs. no disease

MM  
vs. no disease

MM  
vs. plaques

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

GCLC 
rs17883901

CC Reference Reference Reference Reference Reference

CT+TT 1.18 (0.75–1.86) 0.466 1.33 (0.83–2.12) 0.240 0.96 (0.52–1.78) 0.893 0.66 (0.28–1.57) 0.344 0.57 (0.26–1.23) 0.154

GCLM 
rs41303970

CC Reference Reference Reference Reference Reference

CT 1.16 (0.8–1.68) 0.431 1.22 (0.82–1.79) 0.323 1.10 (0.67–1.81) 0.695 0.98 (0.51–1.87) 0.945 0.76 (0.43–1.36) 0.360

TT 1.16 (0.55–2.42) 0.696 1.06 (0.48–2.32) 0.883 1.37 (0.52–3.63) 0.524 1.13 (0.33–3.84) 0.844 1.05 (0.35–3.09) 0.934

CT+TT 1.16 (0.82–1.64) 0.406 1.19 (0.82–1.72) 0.351 1.14 (0.72–1.83) 0.576 1.00 (0.55–1.84) 0.994 0.80 (0.47–1.38) 0.429

GSTM1
present Reference Reference Reference Reference Reference

null 
genotype 1.04 (0.74–1.46) 0.837 1.06 (0.74–1.53) 0.738 0.84 (0.53–1.34) 0.464 1.09 (0.60–1.98) 0.774 1.09 (0.63–1.87) 0.756

GSTT1
present Reference Reference Reference Reference Reference

null 
genotype 0.62 (0.41–0.94) 0.025 0.63 (0.4–0.99) 0.046 0.51 (0.27–0.95) 0.033 1.00 (0.48–2.08) 0.996 1.28 (0.65–2.53) 0.479

GSTP1 rs1695

AA Reference Reference Reference Reference Reference

AG 0.78 (0.54–1.11) 0.162 0.74 (0.51–1.07) 0.113 0.65 (0.40–1.06) 0.087 1.23 (0.66–2.32) 0.513 1.86 (1.04–3.30) 0.036

GG 0.8 (0.45–1.43) 0.461 0.67 (0.36–1.24) 0.203 0.96 (0.45–2.06) 0.920 1.65 (0.65–4.16) 0.288 2.40 (1.04–5.54) 0.039

AG+GG 0.78 (0.56–1.1) 0.153 0.72 (0.51–1.04) 0.077 0.71 (0.45–1.12) 0.140 1.31 (0.72–2.39) 0.370 1.97 (1.14–3.39) 0.015

GSTP1 
rs1138272

CC Reference Reference Reference Reference Reference

CT+TT 0.68 (0.44–1.04) 0.078 0.64 (0.4–1.02) 0.059 0.84 (0.47–1.51) 0.565 0.73 (0.34–1.60) 0.433 1.02 (0.49–2.13) 0.965

MM = malignant mesothelioma. Statistically significant results are printed in bold. 

Adjustments made: Asbestos-related disease vs. no disease, Asbestosis vs. no disease: adjusted for asbestos exposure; Pleural plaques vs. no disease: adjusted for age; MM vs. 
no disease, MM vs. plaques: adjusted for asbestos exposure, age
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Kukkonen et al. reported that GSTT1 null genotype 
increased the risk of asbestosis and GSTM1 null 
genotype was related to the greatest thickness of 
the pleural plaques.26 Although Landi et al. ob-
served an increased risk for MM in subjects bear-
ing GSTM1 null allele25, in our current study, no 
association was found between either GSTM1 null 
genotype or GSTT1 null genotype and MM risk.

The results of our study showed that GSTP1 
rs1695 AG + GG vs. AA genotypes increased the 
MM risk, while GSTP1 rs1138272 polymorphism 
did not affect the risk of this malignoma. On the 
contrary, GSTP1 polymorphisms did not influence 
the MM risk in the study by Landi et al.25

Our study revealed no influence of GCLC 
rs17883901 and GCLM rs41303970 on the risk for 
asbestos-related diseases. Our results suggest that 
these two polymorphisms are not related to the 
susceptibility to asbestos-related diseases. To our 
knowledge, no other studies investigated the role 
of polymorphic genes involved in GSH synthesis 
in asbestos-related diseases. 

Our study confirmed the impact of high and 
medium vs. low asbestos exposure on the risk for 
asbestosis and MM, which is consistent with the 
findings of previous studies.31-34 However, our re-
sults also showed that nearly 46% of subjects with 
MM, 52% of subjects with asbestosis and 72% sub-
jects with pleural plaques had low asbestos expo-
sure. This suggests that asbestos-related diseases 
can also develop when asbestos exposures are low, 
which was indicated especially for MM.35,36 

In this study, the interactions between investi-
gated GSH related gene polymorphisms did not 
influence the risk for developing asbestos-related 
diseases. On the other hand, we observed that the 
interaction between GSTT1 null polymorphism 
and asbestos exposure decreased the risk for devel-
oping MM, although there was no independent as-
sociation between GSTT1 null and MM when com-
pared to controls with no asbestos-related disease. 
In other words, GSTT1 null genotype modified the 
association between high and medium vs. low as-
bestos exposure and MM and acted protectively on 
the risk of this malignant disease.

Another interesting finding of this study showed 
that the interaction between GSTP1 rs1695 AG + 
GG vs. AA genotypes and asbestos exposure de-
creased the risk of MM when compared to pleural 
plaques, despite the fact that in univariate analysis 
both GSTP1 polymorphism and asbestos exposure 
were associated with an increased risk of MM. 
The relation between benign pleural plaques and 
the risk of MM has not been clearly proved so far. 

Although pleural plaques may be the endpoint and 
the development of pleural plaques may be an en-
tirely independent process from the development 
of MM37, it is likely that there is a relation between 
pleural plaques and MM.38 The present study sug-
gests a modifying and protective effect of GSTP1 
rs1695 genotypes on the association between as-
bestos exposure and MM risk when compared to 
pleural plaques.

Considering the potential limitations of the 
study, the data on asbestos exposure were not 
available for all subjects, especially not for patients 
with MM. Consequently, the analyses of the inter-
actions between genetic polymorphisms and as-
bestos exposure could be performed only for the 
subgroup of MM patients.

On the other hand, the study also brings nov-
el findings and has some important strengths. 
Firstly, according to our knowledge, this is the 
first study to investigate the association between 
GCLC rs17883901 and GCLM rs41303970 genetic 
polymorphisms and asbestos-related diseases. 
Secondly, it included relatively large numbers of 
subjects with different asbestos-related diseases 
from genetically homogenous population and in-
vestigated functional genetic polymorphisms in 
different GSH related genes.

In conclusion, our findings suggest that among 
genetic polymorphisms in GSH related genes, 
GSTT1 null polymorphism may be associated with 
the risk for developing pleural plaques and asbes-
tosis and may also modify the association between 
asbestos exposure and MM and therefore act pro-
tectively on the risk for this malignoma. This study 
also revealed a modifying and protective effect of 
GSTP1 rs1695 polymorphism on the association be-
tween asbestos exposure and MM risk when pleu-
ral plaques were considered as controls.
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Background. We are presenting the results of the Slovenian human papillomaviruses (HPV) self-sampling pilot study 
in colposcopy population of National Cervical Cancer Screening Programme ZORA for the first time. One-year and 
four-year follow-up results are presented for two different self-sampling devices.
Participants and methods. A total of 209 women were enrolled in the study at colposcopy clinic. Prior to the 
gynaecological examination, all women performed self-collected vaginal swab at the clinic; 111 using Qvintip and 
98 using HerSwab self-sampling device. After self-sampling, two cervical smears were taken by a clinician; first for 
conventional cytology and second for HPV test. After that, all women underwent colposcopy and a cervical biopsy 
if needed. We compared sensitivity, specificity, and predictive values of cytology (at the cut-off atypical squamous 
cells of undetermined significance or more [ASC-US+]) and HPV test (on self- and clinician-taken samples) for the 
detection of cervical intraepithelial neoplasia grade 2 or more (CIN2+) after one and four years of follow-up. Hybrid 
Capture 2 (HC2) assay was used for all HPV testing. 
Results. The mean age of 209 women was 37.6 years and HPV positivity rate 67.0% (140/209), 36.9 years and 70.3% 
(78/111) in the Qvintip group and 38.4 years and 63.3% (62/98) in the HerSwab group, respectively. Overall, percent 
agreement between self and clinician-taken samples was 81.8% (kappa 0.534) in the Qvintip and 77.1% (kappa 0.456) 
in the HerSwab group. In the Qvintip group, the longitudinal sensitivity, specificity, positive and negative predictive 
values were 71.8%, 75.0%, 83.6%, 60.0% for cytology; 83.1%, 51.3%, 75.6% and 62.5% for HPV test of self-taken samples 
and 94.4%, 57.5%, 79.8% and 85.2% for HPV test on clinician-taken samples. In the HerSwab group, the corresponding 
results were 71.7%, 46.7%, 61.3%, 58.3% for cytology; 75.0%, 47.7%, 62.9% and 61.8% for HPV test on self-taken samples 
and 94.3%, 44.4%, 66.7% and 87.0% for clinician-taken samples, respectively. 
Conclusions. The results confirm that HPV self-sampling is not as accurate as clinician sampling when HC2 is used. 
All HPV tests showed a higher sensitivity in detecting CIN2+ compared to cytology. Due to non-inferior longitudinal 
sensitivity of HPV self-sampling compared to cytology, HPV self-sampling might be an option for non-attenders to the 
National Cancer Screening Programme.

Key words: HPV self-sampling; cytology; high-grade intraepithelial lesion 
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Introduction

Since the introduction of the cervical cancer screen-
ing based on cell samples for cervical cytology 
(Pap smear) the incidence and mortality of cervical 
cancer has decreased dramatically.1,2 In Slovenia, 
the highest peak of the cervical cancer incidence 
was registered in 1962 when age-standardised in-
cidence rate (world) was 27.5/100,000. Due to the 
opportunistic screening the incidence was decreas-
ing till the end of the eighties and a second peak 
was observed in 1997.3 Organised cervical screen-
ing national program ZORA (NP ZORA) was im-
plemented in 2003 with conventional cytology 
at a three-years interval in women aged 20-64. A 
three-year coverage of the target population with 
a screening test is just above 70%.4 The lowest inci-
dence of cervical cancer in Slovenia was registered 
in 2017 when 85 new cases were diagnosed and 
the age-standardised incidence rate (world) was 
4.9/100,000.5 

Despite good results of NP ZORA, there are still 
subgroups of women who do not attend for screen-
ing. In Slovenia, the coverage of the target popula-
tion with screening test is decreasing with wom-
en’s age. It is below the targeted 70% in women 50 
years or more. The lowest rate is in women aged 
60-64 years with only 57%.4

In countries with organised screening pro-
grammes, the majority of new cases are diagnosed 
in women who were never screened or are under-
screened. These women are often diagnosed at 
advanced stages. Nonattendance for screening is 
one of the most important risk factors for devel-
oping cervical cancer. Studies exploring screening 
non-attendance suggest a wide range of barriers, 
including fear of pain, embarrassment, shame, 
low perceived risk, absence of symptoms, lack of 
physicians, inconvenient clinic hours, forgetting an 
appointment, cultural barriers, low socioeconomic 
status, indirect costs, and worry about the result.6,7 

The discovery that human papillomaviruses 
(HPV) are aetiologically linked with cervical can-
cer has led to efforts to apply this knowledge to im-
prove cervical cancer screening. Over the last two 
decades, HPV testing has become a part of clinical 
guidelines for cervical cancer screening, triage and 
follow-up after treatment in several countries.8

One of the advantages of HPV testing is the 
possibility for women to perform self-sampling. 
Systematic reviews and meta-analysis published 
in recent years have shown that self-sampling for 
HPV testing may increase a population uptake of 
cervical cancer screening, especially when HPV 

self-sampling kits were mailed directly to wom-
en.9,10 HPV self-sampling is a process where a 
woman uses a kit to collect a vaginal sample, which 
is then sent for analysis by a laboratory, while sam-
ple taken by gynaecologist is obtained from the 
cervix. The difference between both methods has 
raised concerns about whether vaginal self-sam-
pling is comparable to cervical clinician-sampling 
in detecting HPV. In the updated meta-analysis by 
Arbyn et al. in 2018, HPV assays based on polymer-
ase chain reaction were as sensitive on self-samples 
as on clinical samples; however, the specificity to 
exclude cervical intraepithelial neoplasia grade 2 
or more (CIN 2+) was 2% or 4% lower on self-sam-
ples than on clinical samples.11 HPV assays based 
on signal amplification were less sensitive on self-
samples.11 

For the first time, we are presenting the results 
of the Slovenian HPV self-sampling pilot study 
in colposcopy population that was conducted 
one year prior the large-scale randomised trial of 
HPV self-sampling.12 One and four-year sensitiv-
ity, specificity, positive, and negative predictive 
values for CIN2+, test agreement and CIN 2+ de-
tection rates in women enrolled in the study were 
analysed. Results are stratified by the sampling 
modality (self, clinician), test (cytology, HPV), and 
self-sampling device (Qvintip, HerSwab).

Participants and methods

Women were consecutively enrolled in the study 
at the colposcopy clinic at the University Medical 
Centre Maribor and General Hospital Celje during 
2014–2016 and followed by the central National 
Cervical Cancer Screening Registry until the end 
of 2019. Women with pathologic Pap test, age 
20–64 years, referred for a colposcopy according to 
National guidelines for the management of women 
with pathological cervical results13, were invited 
to participate in prospective observational study 
and all included women signed informed consent. 
Exclusion criteria were acute kolpitis or cervicitis 
and pregnancy. All women performed a self-col-
lected vaginal swab for HPV testing at the clinic 
prior to the gynaecological examination. After 
self-sampling, the gynaecologist collected two cer-
vical smears, first for conventional cytology and 
second for a HPV test. After that, all women un-
derwent colposcopy and in case of abnormal col-
poscopy cervical biopsy was performed. Women 
were managed according to the colposcopy and 
biopsy results and the National guidelines for the 
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management of women with pathological cervi-
cal results.13 There were two self-sampling devices 
used in the study: Qvintip (Aprovix AB, Uppsala 
Sweden) and HerSwab (Eve Medical, Toronto, 
Canada); however, each woman used only one self-
sampling device. Hybrid Capture 2 (HC2, Qiagen, 
Hilden, Germany) assay was used for all HPV test-
ing. Cytological and histological evaluations were 
performed by certified pathologists in laborato-
ries as part of a regular Cervical Cancer Screening 
Programme. In the event of having more than one 
histopathological result, the pathological change 
of the highest grade was included in the analysis. 
Each cytology slide was evaluated twice: at the in-
stitution performing gynaecological examination 
and at Institute of Oncology Ljubljana.

Statistical analysis

The Mann-Whitney U Test was used to compare 
whether there is a difference in age and the Chi-
squared test to compare proportions of positive 
results and CIN2+ among tester groups. Test per-
formance for CIN 2+ was evaluated with a 4-year 
longitudinal sensitivity, specificity, negative pre-
dictive value (NPV), and positive predictive value 
(PPV). Confidence intervals (CI) for performance 

measures were calculated with the bootstrap meth-
od. Relative performance was calculated as a ratio 
of performance measures of HPV test on a self-sam-
ple vs. HPV test on a sample taken by a gynaecolo-
gist and cytology. All women in the Qvintip group 
had a histological follow up of at least 4 years, while 
two women without CIN2+ event in the HerSwab 
group had a histological follow up of 3 years, and 9 
and 11 months, respectively. They both had nega-
tive cytology and HPV test and they were included 
in analysis as negative for CIN2+. All women in-
cluded in the study were followed-up after 4 years 
according to national guidelines by personal gy-
naecologists who are providers of National cancer 
screening programme. Cumulative incidence was 
calculated using the Kaplan-Meier method. The 
duration of histological follow up was at least 5 
years for all women in the Qvintip group and more 
than 50% of women in the HerSwab group. Women 
were censored at the end of histological follow up 
or death. One woman without CIN2+ event from 
the HerSwab group was censored due to death af-
ter follow up time of just below two years and two 
women were censored three and one month before 
the four years mark due to end of histological fol-
low up. The data were obtained from the National 
cervical screening program registry. Agreement 

FIGURE 1. Flow chart of women enrolled in the study with results of human papillomaviruses (HPV) self-sampling and histological 
cervical intraepithelial neoplasia grade 2 or more (CIN2+) results after one and four-year follow-up.
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was evaluated with overall percent agreement 
(OPA) and Cohen’s kappa. Atypical squamous 
cells of undetermined significance or more (ASC-
US+) was considered a positive result for cytology. 
Cytology results in the test performance analysis 
are provided by the Institute of Oncology. Women 
with negative colposcopy and no histology were 
considered negative for CIN2+. Unsatisfactory self-

samples were excluded from analyses of agree-
ment, test performance, and cumulative incidence. 
All analyses were conducted in R v3.6.314 using the 
significance level α = 0.050.

The study was coordinated by the Institute of 
Oncology Ljubljana. It was conducted in compli-
ance with the Helsinki Declaration and was ap-
proved by the National Medical Ethics Committee 
at the Slovenian Ministry of Health (consents Nos. 
155/03/13 and 136/04/14). All women gave their 
written informed consent prior to study inclusion. 

Results
Characteristics of the enrolled women

A total of 209 women were enrolled in the study, 
of them 111 to the Qvintip and 98 to the HerSwab 
group (Figure 1). The mean age of the enrolled 
women was 37.6 years; 140 women were tested 
positive with a HPV self-sampling test (67.0%), 66 
negative (31.6%) and in three women, the self-tak-
en sample was technically inadequate (1.4%). One 
year after the enrolment, CIN2+ was diagnosed in 
116 women (55.5%) and four years after the enrol-
ment in 124 (59.3%) women.

Women in the Qvintip group were on average 
younger than women in the HerSwab group (mean 
age 36.9 vs. 38.4 years, p = 0.221), had a higher prob-
ability for a positive result of HPV self-sampling 
(70.3% vs. 63.3%, p = 0.283) and CIN2+ diagnosis 
after one (59.4% vs. 51.0%) and four years of follow 
up (64.0% vs. 54.1%, p = 0.146) (Figure 1).

Accuracy of HPV self-sampling

Four-year longitudinal sensitivity and specificity 
of HPV self-sampling for CIN2+ were 83.1% and 
51.3%, respectively, in the Qvintip and 75.0% and 
47.7% in the HerSwab group. Four-years longi-
tudinal NPV and PPV were 62.5% and 75.6% in 
the Qvintip and 61.8% and 62.9% in the HerSwab 
group (Figures 2 and 3, Supplementary Table 1). 

An increase in the sensitivity and NPV from 
cytology (blue) and HPV self-sampling (red) to-
ward HPV test on clinician-taken samples (violet) 
is evident in both device groups (Figures 2 and 
3, Supplementary Tables 1 and 2). The sensitivity 
and NPV of cytology were similar in both device 
groups, which was also observed for HPV test on 
clinician-taken samples. In HPV self-sampling, 
the sensitivity was higher in the Qvintip group 
compared to the HerSwab group (83.1 vs. 75.0); 
however, NPV was similar (62.5 vs. 61.8). Four-

FIGURE 2. Sensitivity and specificity for cervical intraepithelial neoplasia grade 2 or 
more (CIN2+) by test (cytology, human papillomaviruses [HPV]), testing modality 
(self, clinician) and self-sampling device (Qvintip, HerSwab) after four years of follow-
up following enrolment.

ASC-US+ = atypical squamous cells of undetermined significance or more 

FIGURE 3. Positive predictive value and negative predictive value for cervical 
intraepithelial neoplasia grade 2 or more (CIN2+) by test (cytology, human 
papillomaviruses [HPV]), testing modality (self, clinician) and self-sampling device 
(Qvintip, HerSwab).

ASC-US+ = atypical squamous cells of undetermined significance or more 
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year longitudinal specificity and PPV were higher 
in the Qvintip group compared to the HerSwab 
group, regardless the sampling modality and test 
(Figures 2 and 3, Supplementary Table 1). 

Relative performance of HPV self-sampling 
versus cytology after four-years’ follow-up in the 
HerSwab group with relative sensitivity (1.05), 
specificity (1.02), PPV (1.03), and NPV (1.01) indi-
cate a similar accuracy of those two testing meth-
ods, which is also evident from the close position 
of red and blue circles in Figures 2 and 3. In the 
Qvintip group, the relative sensitivity of HPV self-
sampling versus cytology (1.16) and relative NPV 
(1.04) indicates a slightly higher sensitivity with 
similar NPV, yet a lower specificity (relative 0.68) 
and PPV (relative 0.90) of self-sampling compared 
to cytology.

Relative sensitivity, NPV and PPV of HPV self-
sampling versus HPV test of clinician-taken sam-
ples after four-years’ follow-up in the HerSwab 
group (0.80, 0.71, 0.94) and Qvintip group (0.88, 
0.73 and 0.95) indicate lower sensitivity, NPV and 
PPV of self-sampling compared to HPV test on cli-
nician samples in both device groups. However, 
relative specificity of HPV self-sampling compared 
to HPV test on clinician-taken sample indicates a 
similar specificity in HerSwab (1.07) and a lower 
one in Qvintip (0.89).

None of the differences between HPV tests on 
self-collected samples and cytology or HPV test 
on a sample taken by gynaecologists was statisti-

cally significant. The same applies to differences 
between the two self-sampling devices.

Cumulative incidence of CIN2+

Figures 4A and 4B show a cumulative incidence 
of CIN2+ in a five-year follow-up period in the 
Qvintip and HerSwab group according to the re-
sult of HPV self-sampling and HPV test on clini-
cian-taken samples. Most of the CIN2+ cases were 
detected in the first half of a year after examination 
at the colposcopy clinic. There were few CIN2+ 
cases between year two and three and no CIN2+ in 
years three to five.

For HPV-negative women, the cumulative in-
cidence of CIN2+ after four-years follow up was 
similar in both device groups; however, it was 
two-times higher after a negative HPV test on self-
samples (37.5%, 95% CI: 18.3–52.2% and 38.2%, 
95% CI: 19.5–52.6%) than after a negative HPV 
test on a clinician-taken sample (14.8%, 95% CI: 
0.3–27.2% and 13.0%, 95% CI: 0.0–25.8%). On the 
other hand, HPV-positive women in the Qvintip 
group had higher cumulative incidence of CIN2+ 
after four-years follow up compared to HerSwab 
group women. However, the difference between 
HPV self-sampling and a clinician-taken HPV test 
was small (75.6%, 95% CI: 64.0–83.5% and 62.9%, 
95% CI: 48.7–73.2% vs. 79.8%, 95% CI: 69.1–86.8% 
and 66.7%, 95% CI: 54.1–75.9%) (Figures 4A and 
4B, Suppl. Table 3).

FIGURE 4A. Cumulative incidence of cervical intraepithelial 
neoplasia grade 2 or more (CIN2+) according to human 
papillomaviruses (HPV) test result in Qvintip group

FIGURE 4B. Cumulative incidence of cervical intraepithelial 
neoplasia grade 2 or more (CIN2+) according to human 
papillomaviruses (HPV) test result in HerSwab group.
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Agreement of tests

The overall percent agreement (OPA) between 
HPV test on a self-sample and a sample taken by a 
gynaecologist was 79.6% (kappa 0.495) and similar 
in both device groups (Table 1).  

Discussion 

This is the first time we are presenting the re-
sults of the Slovenian HPV self-sampling pilot 
study in the colposcopy population within the 
organised, population-based Slovenian cervical 
cancer screening programme ZORA. Four-year 
longitudinal accuracy and cumulative incidence 
of CIN2+ for HPV testing with samples taken by 
Qvintip and HerSwab self-sampling devices were 
analysed and compared to cytology and HPV tests 
with clinician-taken samples. The prevalence of 
HPV positive self-sampling results in our group of 
patients was 67.0%. In colposocpy studies among 
women with abnormal cervical smears, the report-
ed prevalence of self-collected HPV positive tests 
ranges between 30 and 77%.15-21 We found more 
positive HPV tests in the Qvintip group compared 
to the HerSwab group (70.3% vs 63.3%) probably 
due to a lower age of women and higher preva-
lence of CIN2+ in the Qvintip group compared to 
the HerSwab group. 

Our results showed a higher sensitivity to de-
tected CIN2+ in clinician-taken samples comparing 
to both self-sampling devices after 1 and 4 years. 
Specificity was higher in clinician-taken samples in 
the Qvintip group (57.8% vs. 45.5% after 1 year and 
57.5% vs. 51.3% after 4 years) comparing to self-
sampling; however, the specificity in the HerSwab 
group was slightly higher in self-sampling samples 
compared to clinician-taken samples (48.9% vs. 
41.7% after 1 year and 47.7% vs. 44.4% after 4 years). 
This finding is consistent with most of reports in-
dicating that HPV self-sampling has a lower sen-
sitivity compared to clinician-taken samples and 

with of meta-analysis results published in 2014 by 
Arbyn et al., which included 36 studies and more 
than 154,500 women. Pooled sensitivity of HPV 
self-sampling to detect CIN2+ was 76% and speci-
ficity 86% while the pooled sensitivity and specific-
ity of HPV testing on self-samples was lower than 
HPV testing with clinician-taken samples.22 

In contrary, results of a Netherlands randomised 
study showed no difference between self-sampling 
and clinician-taken sampling of CIN2+ sensitivity 
(self-sampling 92.9%; clinician sampling 96.4%) 
and specificity (self-sampling 93.9%; clinician sam-
pling 94.2%) of HPV testing.23 

Arbyn’s meta-analysis was updated in 2017 and 
HPV tests were categorized into polymerase chain 
reaction (PCR) and signal amplification-based 
tests. HPV self-sampled assays based on PCR were 
as sensitive and specific on self-samples as on clini-
cian samples to detect CIN2+. However, self-sam-
pled HPV tests based on signal amplification were 
not as accurate for the detection of CIN2+.11  

There was no statistically significant difference 
between the two testers used in our study regard-
ing accordance to clinician-obtained HPV test. 
Other authors who compared Qvintip or HerSwab 
with other self-sampling devices for in their stud-
ies also did not find any differences in accordance 
to clinician-obtained samples.19,24  

The concordance of self-performed vaginal 
samples and clinician-performed cervical samples 
has been the topic of a large number of studies. In 
our study, the agreement was lower as generally 
reported in literature, especially in the HerSwab 
group (OPA 77.1%, kappa 0.456) comparing to the 
Qvintip group (81.8%, kappa 0.534), although the 
difference between two testers was not statistically 
significant. In a 2005 meta-analysis by Ogilvie et al., 
data from 12 studies were included and kappa val-
ues between patients and clinician obtained sam-
ples ranged from 0.45-1.00.25 A systematic review 
and meta-analysis of 18 studies published in 2007 
by Petignat et al., found a concordance between 
self-sampled and physician-sampled specimens 

TABLE 1. Concordance of human papillomavirus (HPV) test results (among devices) and cytology (among laboratories)

 
HPV test Cytology

OPA (%) kappa (95% CI) OPAa (%) kappa (95% CI)

Qvintip group 81.8 0.534 (0.349–0.718) 74.8 0.471 (0.3029–0.641)

HerSwab group 77.1 0.456 (0.2569–0.655) 74.5 0.406 (0.2059–0.607)

Total 79.6 0.495 (0.3599–0.632) 74.6 0.444 (0.3159–0.574)

CI = confidence interval; OPA = overall percent agreement
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for detection of HPV DNA in 87.0%, pooled kappa 
value of 0.66.26 Most recent studies reported OPA 
between vaginal self-obtained and cervical clini-
cian-obtained samples for the detection of HPV to 
be between 91.2 and 96.8%.19,27-32 The studies us-
ing the same self-sampling devices as in our study 
reported better agreement as well. In a German 
study, the Qvintip tester showed OPA with cli-
nician collected sample in 89.0% (kappa 0.779), 
which is better than in our group of patients using 
the same type of self-sampling device (81.8%).19 El-
Zein et al. reported a better agreement for HerSwab 
device with a kappa value of 0.84 compared to our 
group of patients (kappa 0.456).32

In a CASSIS study, HerSwab was used among 
others self-sampling devices and showed higher 
sensitivity (88.6%) and specificity (58.1%) than the 
one found in our study (77.6% and 48.9% after 1 
year; 75.0% and 47.7% after 4 years).24 Sensitivity 
(92.4%) with clinician sampling was similar to ours 
and specificity (58.7%) was similar to that in our 
Qvintip group. In the same study, PPVs for CIN2+ 
were 28.0% and 29.7% for HerSwab and clinician 
taken samples respectively, which is quite lower 
compared to results in our group using the same 
self-sampling device (61.3% and 62.3% after 1 year; 
62.9% and 66.7% after 4 years).24 The underlying 
reason is probably the different prevalence of the 
diseases. In our study, CIN2+ was diagnosed in 
116 women (55.5%) one year after enrolment and 
four years after enrolment in 124 (59.3%) women. 
In a CASSIS study of 1217 women, 1076 had com-
plete results for HPV and cytology; 148 (13.8%) had 
CIN1, 147 (13.7%) had CIN2/3, and 5 (0.5%) had 
cancer.

Relative sensitivity seems somehow higher in 
Qvintip compared to HerSwab, HPV self-sam-
pling versus HPV test on clinician-taken samples 
(83.1/94.4 = 0.88 vs. 75.0/94.3 = 0.80) as well as in 
HPV self-sampling versus cytology (83.1/71.8 = 
1.16 vs. 75.0/71.7 = 1.05). However, relative specific-
ity seems slightly higher in HerSwab compared to 
Qvintip, HPV self-sampling versus HPV test on cli-
nician-taken samples (51.3/57.5 = 0.89 vs. 47.7/44.4 = 
1.07), as well as in HPV self-sampling versus cytol-
ogy (51.3/75.0 = 0.68 vs. 47.7/46.7 = 1.02). 

The sensitivity of cytology and HPV test on cli-
nician-taken samples in our colposcopy study were 
similar between the Qvintip (71.8% and 94.4%) and 
HerSwab group (71.7% and 94.3%) and higher than 
in the recent Cochrane database systematic review 
of comparisons of HC2 results versus conventional 
cytology (ASC-US+ threshold) in the general popu-
lation, where the pooled sensitivity of cytology was 

62.5% and for HPV test on clinician-taken samples 
89.9%.33 

In a CASSIS study cytology ASC-US+ was 80.2% 
sensitive and 61.4% specific for CIN2+.24 The sys-
tematic review and meta-analysis in low and 
middle-income countries included more than 700 
cervical cancers from 23 studies and found pooled 
sensitivity of cytology for cancer 79.4% at a cut-off 
HSIL+.34 On the other hand, Greek study authors 
reported about a very low sensitivity of cytology, 
13.6% at cut-off HSIL.35 

It is known that cervical cytology has limited 
sensitivity and that results may vary between dif-
ferent pathologists and laboratories and that HPV 
testing detects more cervical intraepithelial neo-
plasia than cytology. Therefore, some countries 
(Netherlands, Great Britain) implemented HPV 
testing as a primary screening test.36,37 Randomised 
clinical trials were conducted in many developed 
countries to evaluate primary HPV testing for cer-
vical cancer screening in an organized program 
setting. 

However, HPV testing has limitations. One of 
them is natural history of HPV infection, which is 
very common in young, sexually active women, 
but in majority of cases the infection is transient. 
Therefore, is not reasonable to use HPV testing for 
cervical screening in young women. Also, in elder-
ly women positive HPV test does not necessarily 
imply the presence of precancerous cervical lesion. 
On the other hand, women with negative HPV test, 
have an extremely low risk of developing cervical 
cancer.

The European Guidelines do not recommend 
primary HPV screening before the age of 30 and 
are in favour of screening starting at the age of 35. 
Since HPV testing on self-taken samples is less ac-
curate than on clinician-taken samples, self-sam-
pling is recommended only for non-attenders in 
local settings.38 As HPV testing has a higher sensi-
tivity than cytology in elderly population39-41, self-
sampling and HPV testing may be a good alterna-
tive for non-attenders to cervical screening in this 
age group.

Conclusions

Self-sampling for HPV testing was less accurate 
compared to HPV testing on clinician-taken sam-
ples; however, there was no statistically significant 
difference between two testers used in our study. 
Conventional cytology was found to have a lower 
sensitivity for CIN2+ than HPV testing. Our study 



Radiol Oncol 2021; 55(2): 187-195.

Bokan T et al. / Colposcopy population of cervical cancer screening programme194

included relatively young women with an aver-
age age below 40 and we assume that the differ-
ence in sensitivity may be even greater in elderly 
population. The self-sampled HPV test is no less 
sensitive than cytology and can be safely applied 
in non-responders to the national ZORA program. 
However, this kind of screening might also be 
more suitable for women who used to attend regu-
lar gynaecological check-ups.
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Background. Cystoscopy in complement with urinary cytology represents the gold standard for the follow-up of 
patients with urinary bladder tumours. Xpert Bladder Cancer Monitor Test (XBC) is a novel mRNA-based urine test for 
bladder cancer surveillance. The aim of the study was to evaluate the performance of the XBC and voided urinary 
cytology (VUC) in the follow-up of bladder tumours.
Patients and methods. The XBC was performed on stabilized voided urine and VUC was performed on urine sam-
ples. The results were compared to cystoscopic findings and histopathological results after transurethral resection of 
the bladder lesion.
Results. For the prediction of malignant histopathological result sensitivity, the specificity and negative predictive 
value were 76.9%, 97.5% and 93.0% for the XBC and 38.4%, 97.5% and 83.3%, respectively for VUC. For the prediction 
of suspicious or positive cystoscopic finding sensitivity, the specificity and negative predictive value were 75.0%, 95.2%, 
and 93.0% respectively for the XBC and 41.7%, 97.6%, and 85.4% for VUC. The sensitivities for papilary urothelial neo-
plasms of low malignant potential (PUNLMP), low- and high-grade tumours were 0.0%, 66.7% and 100.0% for the XBC 
and 0.0%, 66.7% and 42.9%, respectively for VUC.
Conclusions. The XBC showed significantly higher overall sensitivity and negative predictive value than VUC and 
could be used to increase the recommended follow-up cystoscopy time intervals. Complementing the XBC and 
voided urinary cytology does not improve performance in comparison to the XBC alone.

Key words: cystoscopy; Xpert BC Monitor Test; urinary bladder neoplasm; voided urinary cytology

Introduction

Bladder cancer is the ninth most common cancer 
worldwide. The estimated age-standardized inci-
dence rate of bladder cancer in Europe in 2012 
was 17.7 per 100,000 in men and 3.5 per 100,000 
in women.1 Ninety percent of bladder tumours 
are urothelial carcinomas of which 80% are clas-
sified as a superficial disease at presentation2, 

while the rest invade the muscularis propria of 
the detrusor. 

The gold standard for diagnosing and following 
up bladder tumours is cystoscopy complemented 
with voided urinary cytology (VUC), and com-
puter tomography urography (CTU), to exclude 
urothelial carcinoma of the upper urinary tract.3 
Cystoscopy is an invasive and painful procedure 
with potential short- and long-term complications. 
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VUC on the other hand is noninvasive, detects 
urothelial carcinoma in both lower and upper uri-
nary tracts, but its sensitivity for detecting well-
differentiated bladder tumours is as low as 16% 
in contrast to 84% for high-grade tumours4, there-
fore VUC cannot replace cystoscopy. The overall 
sensitivity of CTU for diagnosing bladder cancer 
is also insufficient to obviate cystoscopy.5 

In the past two decades, numerous urinary 
markers for the detection of bladder tumours 
have been devised, but despite numerous studies, 
none of these markers have been accepted for di-
agnosis or follow-up in routine practice or clinical 
guidelines.3 Nuclear matrix protein 22 (NMP22), 
the bladder tumour antigen stat (BTA) test, BTA 
TRAK test, Immuno Cyt, and fibroblast growth 
factor receptor 3 (FGFR 3) are FDA approved and 
commercially available, while many other bio-
markers are still being evaluated.6

Xpert BC Monitor Test (XBC) is a novel mR-
NA-based urine test for bladder cancer surveil-
lance, which measures five target mRNAs en-
coding the following proteins: tyrosine-protein 
kinase ABL1, corticotropin-releasing hormone 
(CRH), insulin growth factor 2 (IGF2), uroplakin 
1B (UPK1B), and annexin A10 (ANXA10). Except 
UPK1B, which is a structural protein found in 
urothelial cells, these proteins play multiple roles 
during carcinogenesis and are implicated in cell 
proliferation, division, differentiation, growth, 
adhesion and signalling. Overall sensitivity (84%) 
and negative predictive value (93%) of the XBC 
were reported to be significantly superior to VUC 
by Pichler et al., who published the first study on 
the XBC in 2017.7 Since the XBC is noninvasive 
and requires little additional time and labour for 
processing of samples in an outpatient setting, it 
might represent a promising candidate for rou-
tine urinary test in follow-up of urinary bladder 
tumours.

The aims of our study were to compare the 
performance of XBC and VUC and to determine 
whether the clinical performance of the XBC is 
high enough to reduce the need for cystoscopy in 
follow-ups of urinary bladder tumours.

Patients and methods
Patients

The study was approved by The National Medical 
Ethics Committee of the Republic of Slovenia 
(0120-566/2018/5) and informed consent was ob-
tained from each participant. 

The exclusion criteria were a history of urinary 
stone disease, ongoing urinary tract infection, sus-
picion of upper urinary tract tumour, a presence 
or history of foreign bodies (stent, nephrostomy 
tube), an invasive procedure on the urinary tract in 
the past 2 weeks (3 months in case of transurethral 
resection (TUR) procedure), intravesical chemo-
therapy or immunotherapy in the past 3 months 
and prior systemic chemotherapy or radiotherapy 
of the pelvis.

A total of 54 patients previously diagnosed with 
bladder tumours were prospectively enrolled in 
our study from January 2019 to October 2019.

Detection methods

A single voided urinary specimen was collected 
before conventional white light cystoscopy dur-
ing a follow-up visit. The frequency of follow‐up 
cystoscopies was based on the European associa-
tion of urology (EAU) guidelines.8 The urine speci-
men was divided to provide samples for the XBC 
(4.5ml) and voided urinary cytology (minimally 
50 ml). Voided urinary cytology was analysed in 
the cytopathological laboratory of the Institute 
of Pathology, Faculty of Medicine, Ljubljana, 
Slovenia, and reported according to the Paris clas-
sification system.9 The results were classified as 
negative, suspicious, or positive. In the analysis, 
suspicious results and cellular atypia were includ-
ed in the positive group for the comparison of de-
tection performance.

In addition to urine cytology, we also analysed 
urine samples with the Xpert BC Monitor test 
(Cepheid, Sunnyvale, CA, USA), which measured 
the levels of five target mRNAs (ABL1, CRH, IGF2, 
UPK1B, ANXA10) using reverse transcriptase pol-
ymerase chain reaction (RT-PCR) according to the 
manufacturer’s protocol. 4.5 ml of collected urine 
was transferred to the prepared transport medium 
within 1 hour after collection and thus stabilized. 
The sample thus prepared is stable for up to 7 
days at temperatures between 2oC and 28oC. The 
urine thus prepared was transferred to a reagent 
cartridge in the laboratory, which contained all the 
reagents needed for RT-PCR analysis. Automated 
processing included filter capture on cells, lysis of 
cells by sonication, addition of nucleic acid to dry 
RT-PCR reagents, transfer to a reaction chamber, 
RT-PCR multiplexing, and detection. Sample ad-
equacy monitoring (ABL1) ensures that the sample 
contains human cells and human RNA. An ABL1 
signal was required for a valid test result. The in-
ternal control detects pattern-related inhibition of 
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RT-PCR. Control by probe verification (measure-
ment of the fluorescence signal from the probes) 
is performed prior to sample analysis to monitor 
bead rehydration, cartridge filling in the cartridge, 
probe integrity, and toner stability. The Xpert BC 
Monitor test gives results as “positive” and “nega-
tive” based on the results of a linear discriminant 
analysis (LDA) algorithm that uses the results of 
the cycle threshold (Ct) of five mRNAs: ABL1, 
CRH, IGF2, UPK1B and ANXA10 (LDA total cal-
culation). The measurement result is valid if the 
total LDA value is in the range of -20 to 20. The 
interpretation of the result is as follows: A “posi-
tive” result is obtained if the total LDA is equal to 
or exceeds the limit value; and ABL1 Ct and total 
LDA are within the valid range. Not all mRNA tar-
gets need be detected for a “positive” test result. 
A “negative” result is achieved if the LDA Total is 
below the limit value; and ABL1 Ct is within the 
valid range. The total LDA of the manufacturer is 
0.50 and was determined on the basis of statistical 
analysis of a large number of samples.7,10 

The histopathological report on the transure-
thral resection of a bladder lesion was done by 
the histopathological laboratory of the Institute of 
Pathology, Faculty of Medicine, Ljubljana, Slovenia. 
The tumour stage was reported according to the 
TNM classification of malignant tumours, 8th edi-
tion, 201711, and the tumour grade was classified 
according to the 2016 WHO classification.12 The 
stage and grade from the histopathological report 
were used in the analysis of results.

Statistical analysis

Data was analysed using the SPSS software 
(Statistical Package for the Social Sciences, version 
22.0, IBM Corp., Armonk, NY, USA). After testing 
for normal distribution using the Shapiro Wilk nor-
mality test for the variables, differences in the LDA 
total were compared using the Mann‐Whitney U 
test for benign and malignant histology groups, 
negative and positive cistoscopy groups, and nega-
tive and positive cytology groups. The optimal cut-
off value of the LDA total was determined using 
the Youden index method, after which the receiver 
operating characteristic (ROC) curve was calcu-
lated to determine the performance of the Xpert 
BC Monitor test. The diagnostic value of the XBC 
and VUC was tested by determining the sensitiv-
ity (number of true positive tests / sum of number 
of true positive and false negative tests), specificity 
(number of true negative tests / sum of true nega-
tive and false positive tests) and positive (PPV - 

number of true positive tests / sum of true positive 
and false positive tests) and negative (NPV- num-
ber of true negative tests / sum of true negative and 
false negative tests) predictive value. A p value less 
than 0.05 was considered statistically significant.

Results

The XBC and VUC were performed in 54 patients 
scheduled for check-up using conventional white 
light urethrocystoscopy. Indications for transure-
thral resection after check-up urethrocystoscopy 
were: visible recidivant tumour in 12 patients, 
atypia in VUC in 1 patient, and a missed recidivant 
tumour that was only discovered during the sub-
sequent check-up urethrocystoscopy. A histology 
report on the transurethral resection of the blad-
der lesion was obtained in 12 patients, whereas 2 
patients only had electrocoagulation performed 
on clearly visible malignant recidivant tumours 
and these two are counted as malignant in further 
analysis. Out of the 12 histology reports, 11 were 
malignant and 1 was benign. Patients who had not 
undergone transurethral resection after the check-
up urethrocystoscopy are counted as negative/be-
nign in the histology analysis.

The median LDA totals were 0.2474 (0.1331-
0.3617) and 0.8102 (0.4367-1.1836) in the nega-
tive and positive cystoscopy groups respectively 
(Mann-Whitney U = 73.00, p < 0.000). The median 
LDA totals were 0.2486 (0.1286–0.3685) and 0.9869 
(0.8872–1.0866) in the negative and positive cytol-
ogy groups respectively (Mann-Whitney U = 12.00, 
p < 0.000). The Median LDA totals were 0.2467 
(0.1357–0.3578) and 0.9273 (0.5904–1.2642) in the 
negative/benign and malignant histology groups 
respectively (Mann-Whitney U = 63.00, p < 0.000). 

Area under the curve in the receiver operating 
characteristic (ROC) curve for the XBC in predict-
ing cystoscopic finding was 0.855 with a 95% con-
fidence interval between 0.722 and 0.998 (n = 54) 
(Figure 1). 

The area under the curve in the receiver operat-
ing characteristic (ROC) curve for the XBC in pre-
dicting histology result was 0.882 with a 95% con-
fidence interval between 0.759 and 1.000 (n = 54) 
(Figure 2). 

From the ROC curve for the prediction of cysto-
scopic findings and histology results, the optimal 
cut-off value of 0.4923 for the LDA total was deter-
mined using the Youden method. 

For the prediction of positive cystoscopic find-
ings, the sensitivity and specificity were 75.0% and 
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95.2% respectively for the XBC (at optimal 0.4923 
cut-off value) and 41.7% and 97.6% for VUC. For 
the prediction of malignant histological results, the 
sensitivity and specificity were 76.9% and 97.5% 
respectively for the XBC (at optimal 0.4923 cut-off 
value) and 38.4% and 97.5% for VUC. Combining 
the results of the XBC and VUC did not improve 
the detection of bladder tumours since VUC did 
not identify any additional patient that was not al-
ready positive in the XBC (Tables 2 and 3).

Stratification for grade sensitivities of the XBC 
were 0.0%, 66.7%, and 100% for papilary urothelial 
neoplasms of low malignant potential (PUNLMP), 
low-grade, and high-grade tumours respectively, 
while the sensitivities of VUC were 0.0%, 66.7%, 
and 42.9% for the same grade categories respec-
tively. Stratification for stage sensitivities of the 
XBC were 100%, 80.0%, 100%, and 100% for carci-
noma in situ (CIS), Ta, T1 and T2 tumours, respec-
tively, while the sensitivities of VUC were 50.0%, 
40.0%, 50.0% and 100% for the same stage catego-
ries respectively. (Table 4). 

Discussion 

In our study, we have evaluated two voided uri-
nary tests: the XBC and VUC in the follow-ups of 
urinary bladder tumours. Despite the availability 
of noninvasive urinary tests, cystoscopy comple-
mented with VUC is still the gold standard for the 
follow-up of urinary bladder tumours.3 Urinary cy-

tology has low sensitivity for low-grade tumours, 
which are the most numerous and represent two-
thirds of primarily diagnosed bladder tumours.13 
Consequently, the Paris system for reporting uri-
nary cytology was introduced in 2015, instruct-
ing cytopathologists to emphasize that a negative 
result is only valid for high-grade tumours and 
“suspicious for high grade urothelial carcinoma” 
and “atypia” categories are still present in this new 
classification and are reported based on cell char-
acteristics and numbers.14 Low grade urothelial 
neoplasia (LGUN) should only be reported if strict 
criteria are satisfied, but a suggestion of LGUN can 

FIGURE 2. ROC curve for histology prediction.FIGURE 1. ROC curve for predicting cystoscopic finding. 

TABLE 1. Summary of the patients’ demographics and test results numbers 

Gender Number of 
patients

Mean age, 
years ± SD 

    All 54 (100.0%) 70.5 ± 8.8

    Male 42 (77.8%) 70.5 ± 8.7

    Female 12 (22.2%) 70.5 ± 9.6

Noninvasive test / standard invasive 
diagnostic procedure

Number of patients with TP / FN / 
TN / FP noninvasive test result

XBC / cystocopy (LDATC 0.4923)
XBC / cystocopy (LDATC 0.5)

9  / 3 / 40 / 2
8 / 4 / 40 / 2

VUC / cystoscopy 5 / 7 / 41 / 1

XBC / histology (LDATC 0.4923)
XBC / histology (LDATC 0.5)

10  / 3 / 40 / 1
9 / 4 / 40 / 1

VUC / histology 5 / 8 / 40 / 1

FN = false negative; FP = false positive; LDATC = linear discriminant analysis total cut-off; SD = 
standard deviation; TN = true negative; TP = true positive; VUC = voided urinary cytology; XBC = 
Xpert BC Monitor Test
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be made including recommendation to repeat VUC 
or perform other diagnostic procedures. The cyto-
logical result is affected by the presence of several 
benign urinary tract conditions and is also depend-
ent on the subjective judgment of the cytopatholo-
gist.15

Depending on the calculated risk of recur-
rence and progression, 6 to 15 cystoscopy proce-
dures should be performed in the follow-up after 
the TUR of superficial bladder tumours within 5 
years3, which represents invasive instrumentation 
and a risk for complications for patients, as well as 
healthcare and economic burden. 

Replacing cystoscopy with a noninvasive, sim-
ple, low-cost urine-based test with sufficient per-
formance could modify these follow-up schedules. 
Such a noninvasive test should have high sensitiv-

ity to detect small recurrent high-grade tumours 
and avoid the growth and progression to a muscle-
infiltrative disease, which considerably aggravates 
the patient’s prognosis and quality of life.16 

The expression levels of the markers combined 
in linear discriminate analysis (LDA) are used to 
classify samples as negative or positive using a lin-
ear model.10 While the LDA total value primarily 
serves as a criterion for a positive result of the XBC 
at the cut-off value suggested by the manufacturer 
(0.5), we used the ROC curve and Youden meth-
od to optimize the cut-off value to 0.4923, which 
improved the sensitivity of XBC for the predic-
tion of positive cystoscopic findings from 66.7% 
to 75.0%. Considering the LDA total value rather 
than reporting the results of the XBC as negative/
positive could also be used in longitudinal studies 
as was shown by Hurle et al., who monitored the 
LDA total in the active surveillance of patients with 
non-muscle-invasive bladder cancer in the Bladder 
Cancer Italian Active Surveillance project (BIAS) 
and reported that an increasing LDA total in a pa-
tient is connected to progressing bladder tumours 
and could be used to initiate follow-up cystoscopy 
instead of enforcing firm scheduling protocols. 
They also proposed that in this setting, the LDA 
total cut-off would be 0.4.17

Our data shows that sensitivities of the XBC for 
predicting positive or suspicious cystoscopic re-
sults is considerably higher than for VUC (75.0% 
vs. 41.2% respectively), and also NPV is improved 
in comparison to VUC (93.0% vs. 85.4% respec-
tively). The results are comparable to the results of 
the studies of Van Valenberg et al. and Pichler et 
al. (74 % and 84% for sensitivity and 93% and 93% 
for NPV respectively).7,18 In contrast, the study per-
formed by Elia et al. reported an overall sensitivity 
of only 46.2% for the XBC, though the vast major-
ity (87%) of the detected bladder tumours in that 
study were low-grade.19 In our study, none of the 
patients with negative XBC had a positive VUC, 
therefore complementing the results of the XBC 

TABLE 2. Specificity, sensitivity and positive and negative predictive value of 
noninvasive urinary tests for the prediction of positive cystoscopic findings 

Test Sensitivity Specificity PPV NPV

XBC, LDATC 0.4923
XBC, LDATC 0.5

75.0%
66.7%

95.2%
95.2%

81,8%
80.0%

93.0%
90.9%

VUC 41.7% 97.6% 83.3% 85.4%

XBC, LDATC 0.4923 + VUC 75.0% 95.2% 81,8% 93.0%

LDATC = linear discriminant analysis total cut-off; NPV = negative predictive value; PPV = positive 
predictive value; VUC = voided urinary cytology; XBC = Xpert BC Monitor Test

TABLE 3. Specificity, sensitivity and positive and negative predictive value of 
noninvasive urinary tests for the prediction of positive histological results

Test Sensitivity Specificity PPV NPV

XBC, LDATC 0.4923
XBC, LDATC 0.5

76.9%
69.2%

97.5%
97.5%

90,9%
90.0%

93.0%
90.9%

VUC 38.4% 97.5% 83.3% 83.3%

XBC, LDATC 0.4923 + VUC 76.9% 97.5% 90,9% 93.0%

LDATC = linear discriminant analysis total cut-off; NPV = negative predictive value; PPV = positive 
predictive value; VUC = voided urinary cytology; XBC = Xpert BC Monitor Test

TABLE 4. Sensitivity of the XBC and voided urinary cytology stratified by tumour stage and grade. Number of cases detected by noninvasive test against 
number of cases detected by hystology analysis is shown in the parenthsis

Test / Stage CIS Ta T1 T2 Grade PUNLMP low grade high grade

XBC, LDATC 0.4923 100%
(2/2)

80.0%
(4/5)

100%
(2/2)

100%
(1/1)

0.0%
(0/1)

66.7%
(2/3)

100.0%
(7/7)

VUC 50.0%
(1/2)

40.0%
(2/5)

50.0%
(1/2)

100%
(1/1)

0.0%
(0/1)

66.7%
(2/3)

42.9%
(3/7)

LDATC = linear discriminant analysis total cut-off; PUNLMP = papillary urinary neoplasm of low malignant potential; VUC = voided urinary cytology; XBC = Xpert BC Monitor Test
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with VUC did not increase sensitivity, specificity, 
NPV, or PPV, which was also observed in the study 
by Pichler et al.7

Until more studies on the XBC have been con-
ducted, the range of sensitivities and NPVs cannot 
be estimated, though our data and already pub-
lished studies7,18 show that the performance of the 
XBC is at least comparable to previously studied 
bladder cancer biomarkers for which studies have 
reported wide variability in performance. A recent 
review of bladder cancer biomarkers summarized 
data from several studies listing the sensitivities of 
NMP22 in the range of 24% to 81%, of BTA STAT 
40% to 72%, of ImmunoCyt 50% to 85%, and of 
UroVysion 13 to 100%. Probably due to the vari-
ability in performance, the authors of this review 
conclude that current commercially available uri-
nary biomarker-based tests are not sufficiently val-
idated to be widely used in clinical practice.20 

Cystoscopy was negative in two of our patients, 
who were positive in the XBC. One of them had an 
atypical VUC and a high-grade T1 tumour was con-
firmed with transurethral resection biopsy (TURB), 
while in another patient with negative VUC, a tu-
mour was identified at a follow-up cystoscopy af-
ter 3 months and a high-grade T1 tumour was con-
firmed. Both cases suggest that even though cys-
toscopy is the gold standard for the follow-up of 
bladder tumours, it should be complemented with 
a noninvasive urinary test.

The high discrimination power of the XBC be-
tween malignant and benign histology groups is a 
consequence of the highly significant difference be-
tween the median LDA total in both groups (0.2486 
for benign and 0.9869 for malignant group respec-
tively). Overall sensitivity and NPV for the predic-
tion of a malignant histological result of the XBC 
(76.9% and 93.0%) greatly outperforms the sensi-
tivity and NPV of VUC (38.4% and 83.3)

Stratification for the tumour grade sensitivity 
of the XBC was comparable to VUC for PUNLMP 
(0%) and low-grade tumours (66.7%), though the 
sensitivity of VUC for high-grade tumours was on-
ly 42.6%, while no high-grade tumour was missed 
by the XBC. Improved performance was also re-
ported by Pichler et al.7, who showed considerably 
higher sensitivity for low-grade tumours (77% vs. 
3%) and high-grade tumour +s (100% vs. 25%) for 
the XBC and VUC respectively. However, the study 
published by Elia et al. showed significantly lower 
sensitivity for low-grade (42%) and high-grade tu-
mours (85.7%).19 When tumours are stratified by 
grade, the sensitivity in our study is comparable to 

the study of Van Velenberg et al.18 in categories T1 
and T2 (100%) and to the study of Pichler et al.7 in 
categories CIS (100%) and Ta (80%).

Since high-grade bladder tumours have a stage 
progression risk of 23% in five years compared to 
only 4% in low-grade tumours21, the XBC could 
emerge as a noninvasive test to guide the follow-
up schedule for the cystoscopic surveillance of a 
bladder tumour, as was already proposed by Hurle 
et al.17 Small, Ta low-grade papillary recurrence, 
which the XBC could miss, does not present an im-
mediate danger to the patient and early detection is 
not essential for successful therapy,3,22 while for T1 
and T2 high-grade tumours or CIS, the XBC is very 
likely to be positive. 

Even though XBC has high sensitivity and NPV 
for high grade tumours, the rate of adoption of this 
and other noninvasive molecular tests to routine 
clinical practice will also depend on financial re-
sources of the healthcare system. Molecular tests 
typically cost three to five times the price of VUC 
(XBC 250 EUR  and VUC 40 EUR in Slovenia) and 
are more expensive than single rigid or even flex-
ible cystoscopic procedure in countries, where fees 
of healthcare professionals are low to moderate.

The main limitation of the present study is the 
low number of included patients (54) and there-
fore the low number of patients with recurrent 
tumours identified at follow-up (14 patients or 
25.9%), which is a consequence of the low recur-
rence rate and study design. A similar proportion 
of new recurrence tumours (30.7% ) was also ob-
served in a larger study by Pichler et al.7, while the 
largest published study only reported a 17.9% re-
currence rate.18 Furthermore, only 1 patient in the 
negative histology group had a TUR done, while 
all the others were counted as negative on the basis 
of the negative cystoscopic result, possibly missing 
a small hidden lesion or a lesion in the upper uri-
nary tract.

Conclusions

The XBC showed significantly higher overall sen-
sitivity and negative predictive value than VUC. 
Its ability to detect intermediate and high-risk su-
perficial tumour recurrences could modify follow-
up cystoscopy schedules by increasing the recom-
mended time intervals in patients with a negative 
XBC. Complementing the XBC and voided urinary 
cytology does not improve the performance in 
comparison to the XBC alone.
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Background. The aim of the study was to analyse the prognostic factors in postoperative prostate cancer irradiation 
and develop a nomogram for disease-free survival (DFS).
Patients and methods. This retrospective study included 236 consecutive prostate cancer patients who had 
radical prostatectomy followed by radiotherapy (RT) at a single tertiary institution between 2009 and 2014. The main 
outcome was DFS analysed through uni- and multivariable analysis, Kaplan-Meier curves, log-rank testing, recursive 
partitioning analysis, and nomogram development.
Results. The median follow up was 62.3 (interquartile range [IQR] 38.1–79) months. The independent clinical factors 
associated with increased risk of recurrence or progression in the multivariate analysis (MVA) were prostate-specific 
antigen (PSA) level before RT, pT3 characteristic, and local failure as salvage indication. The value of PSA nadir had a 
significant impact on the risk of biochemical failure. Biochemical control and DFS were significantly different depend-
ing on treatment indication (p < 0.0001). The recursive partitioning analysis highlighted the importance of the PSA level 
before RT, Gleason Grade Group, PSA nadir, and local failure as a treatment indication. Finally, the nomogram for DFS 
was developed and is available online at https://apps.konsta.com.pl/app/prostate-salvage-dfs/.
Conclusions. The Pre-RT PSA level, pT3 characteristic and local failure as salvage indication are pivotal prognostic 
factors associated with increased risk of recurrence or progression. The Gleason grade group of 4–5 and PSA nadir 
value allow for further risk stratification. The treatment outcomes in postoperative prostate cancer irradiation are sig-
nificantly different depending on treatment indication. An online nomogram comprising of both pre-treatment and 
current data was developed allowing for visualization of changes in prognosis depending on clinical data.

Key words: prostate cancer; prognostic factors; postoperative radiotherapy; nomogram; disease-free survival

Introduction

The incidence of prostate cancer (PCa) has been 
steadily rising over the last decades. For example, 
The Polish National Cancer Registry has recorded 
a 28-fold increase in newly diagnosed Prostate 
Cancer patients, from 582 in 1963, through 2273 in 

1990, up to 16253 newly diagnosed PCa patients in 
the year 2017.1,2 The change is directly associated 
with broad implementation of prostate-specific an-
tigen (PSA) testing and aging society, but from a cli-
nician’s point of view, it means ever more patients 
to take care of. Despite changing patterns of PCa 
management, radical prostatectomy (RP) remains 
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one of the pivotal treatment modalities in localized 
prostate cancer management, and so remains the 
necessity for management of post-prostatectomy 
treatment failures which occur in approximately 
1/4th of the patients, including up to 1/2nd of those 
presenting high and very high risk group features.3

Historically, the necessity for further treatment 
was most commonly met by adjuvant radiothera-
py (aRT), whose rationale was based on three large 
randomized clinical trials – SWOG S87944, EORTC 
229115, and ARO 96–02/AUO AP 09/95.6 Although 
consistent in conclusions, these studies compared 
aRT with an outdated concept of salvage radio-
therapy (sRT). The salvage treatment in the wait-
and-see groups was initiated significantly later 
than currently accepted standards, at the median 
PSA of 1.0 and 1.7 µg/ml for SWOG and EORTC 
studies respectively. Shortly after, authors started 
publishing reports on the superiority of early sRT 
initiation, which was later discussed along with 
the results of the ARO/AUO trial. Currently, the 
adverse association between PSA level prior to sRT 
and treatment results is well documented7, and 
the introduction of salvage treatment even prior to 
reaching the criteria for biochemical recurrence (i.e. 
> 0.4 ng/ml as in European Association of Urology 
[EAU] guidelines8) is encouraged.

The shift of the paradigm came with the re-
cent results of TROG 08.03/ANZUP RAVES9, 
RADICALS-RT10, and GETUG-AFU 1711, three 
large multicentre prospective randomized clini-
cal trials comparing aRT with sRT initiated at very 
low levels of PSA, prior to the usual threshold of 
> 0.4 ng/ml for biochemical recurrence (BCR). The 
results were in favor of early sRT, and indicated 
that routine use of aRT leads to overtreatment of 
PCa patients. Although the studies were met with 
critique, the consistent results of the planned sys-
temic review and meta-analysis published by the 
ARTISTIC collaboration12 suggest that for now, at 
least until data on long-term outcomes is available, 
sRT should be offered to all patients that are able 
and willing to adhere to the early sRT routine.

In this article, we present data from a large one-
institutional set of consecutive PCa patients treated 
during the transitional period between aRT and 
sRT, and a thorough analysis of the prognostic fac-
tors.

Patients and methods

The retrospective observational cohort study in-
cluded a group of 236 consecutive prostate cancer 

patients at median age of 63.6 years (min. 40, max. 
82), who underwent RP between 1993 and 2013, 
and were later irradiated with aRT or sRT at sin-
gle tertiary high-volume institution between 2009 
and 2014 to the prostatic bed (as defined by the lo-
cal protocol, similar to TROG 0803 RAVES trial13) 
with a median dose of 70 Gy (62–76 Gy) in 2 Gy 
fractions 5 times a week, using IGRT in all cases. 
Pelvic lymph node irradiation was performed in 
26% of the patients using a standard dose of 44 Gy 
in 22 fractions. The androgen deprivation therapy 
(ADT) was administered in 37.6% of the patients 
prior to RT. Approximately 25.8% of the patients 
were receiving ADT at 4 months, 21.2% at 14 
months, 18.2% at 26 months, 14.8% at 38 months 
and 11.4% at 50 months after treatment respective-
ly. The ADT was administered at primary doctors’ 
discretion. The follow up (FU) was collected retro-
spectively, based on our institutional database. In 
patients with FU < 36 months a phone call was at-
tempted twice to obtain information regarding cur-
rent PSA, ADT uptake, late side effects of RT, and 
permission to access the patients’ medical history 
wherever further control visits took place. Data 
regarding overall survival (OS) was obtained from 
the Polish National Cancer Registry. 

The study group was divided into four sub-
groups depending on the treatment indication in-
cluding positive surgical margins (R1) and ≥ pT3 
characteristic (pT3) for aRT, and BCR and local fail-
ure (LF) for sRT. In the case of dual treatment in-
dications (i.e. R1 + pT3 or BCR + LF) patients were 
assigned to pT3 and LF groups respectively. In few 
cases where patients qualified for aRT due to pT3 
characteristic have had barely detectable PSA level 
(> 0.2 ng/ml) in a post-qualification repeated PSA 
test immediately before RT, such patients were still 
regarded as part of the aRT group. The measured 
endpoints for the study were OS, disease-free sur-
vival (DFS), and biochemical control (BC). The OS, 
DFS and BC were calculated from the last day of 
RT to the day of death for OS, clinical recurrence 
defined as the locoregional failure, distant metas-
tasis or both for DFS, and biochemical recurrence 
defined as PSA > 0.2 ng/ml for BC. Remaining cases 
were censored using the date of last observation 
with appropriate data to exclude the occurrence of 
the respective endpoint.

Univariable analysis & recursive 
partitioning analysis

The univariate analysis was performed by fitting 
the proportional subdistribution hazards regres-
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sion model, thus including the competing risk of 
death from other causes. Subdistribution hazard 
ratios (HR) were provided with their 95% confi-
dence intervals (95% CI). To maintain consistency 
and generalizability, every univariate model was 
adjusted to the time length between surgery and 
radiation treatment (as a covariate). All factors 
tested in univariate analysis were included in the 
multivariate analysis which was also adjusted to 
the time between surgery and RT.

As an addition to multivariate analysis, to find 
the subgroups of different survival risks and select 
the most important clinical features, recursive par-
titioning for censored responses was performed. 
This utilized the development of a survival tree for 
DFS based on adjusted log-rank statistics (ctree al-
gorithm).

Nomogram development

To develop the predictive model utilizing the cur-
rent PSA and ADT status cause-specific Cox pro-
portional hazards regression model with time-var-
ying covariates was developed. The current PSA 
value was simplified to a binary variable based on 
the definition of post-RP BCR.14 Internal validation 
of the model and, thus, assessment of overfitting 
was performed using the bootstrap method with 
1000 repetitions. The model performance was as-
sessed using Harrell’s C-index, with a value of 1.0 
indicating perfect model concordance. The devel-
oped model was visualized using a nomogram 
and was implemented in the online calculator. The 
whole analysis was done using R programming 
language.

TABLE 1. Description of the study group

Whole group aRT sRT

Number of cases 236 113 123

Age* 63.6 (59.8-68.4) 62.3 (58.8-65.9) 65.2 (60.5-70.2)

Time from surgery to RT 
(months)* 6 (3.3-25.8) 3.6 (2.9-4.8) 24.1 (7.3-48.3)

Indication n/a
R11

56
pT32

57
BCR3

69
LF4

54

Positive surgical margins 61.5% 100% 77.2% 39.1% 27.8%

Max PSA pre-op* (ng/ml) 9.16 (6.81-14.6) 8.24 (6.33-11.78) 9.37 (7.19-14.79) 10.67 (7.3-17) 8.8 (6.6-13.3)

Max PSA post-op*5 (ng/ml) 0.27 (0.04-1.13) 0.035 (<0.008-0.071) 0.027 (<0.008-0.104) 0.72 (0.38-1.92) 1.19 (0.45 – 2.89)

PSA before RT* (ng/ml) 0.2 (0.023-0.78) 0.015 (<0.008-0.055) 0.017 (<0.008-0.077) 0.56 (0.29-1.07) 1.05 (0.35-2.38)

Gleason Grade Group (post-op):

1 42.2% 47.3% 26.3% 39.7% 57.7%

2 33.6% 38.2% 40.4% 32.3% 23.1%

3 13.4% 9.1% 15.8% 16.2% 11.5%

4 5.6% 1.8% 7% 7.4% 5.8%

5 5.2% 3.6% 10.5% 4.4% 1.9%

TNM (post-op):

pT2a-c 61.6% 100% 0% 63.6% 84.3%

pT3a 17.5% 0% 50.9% 12.1% 7.8%

pT3b 21% 0% 49.1% 24.2% 7.8%

pN1 5.8% 1.8% 16.4% 1.5% 4%

ADT prior to RT 37.6% 16.4% 43.9% 42.6% 46.3%

RT dose^ 70 / 71.5 70 / 70.3 70 / 70.2 70 / 71.4 76 / 74.4

Lymph node irradiation 25.8% 15% 47.8% 12.7% 23.1%

* = median (interquartile range);  ^ = median/mean Gy; ADT = androgen deprivation therapy; BCR3 = biochemical recurrence;  LF4 = local failure; pT32 = pT3a or pT3b;   
R11 = R1 resection; RT = radiotherapy; 1-4 = in case of multiple indications only one is indicated. The assumed priority is: LF>BCR>pT3>R1
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FIGURE 1. Biochemical control depending on treatment indication.

FIGURE 2. Disease-free survival (DFS) depending on treatment indication.
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Results

The median age of the patients at the onset of RT 
was 63.6 years (interquartile range [IQR] 59.8–68.4), 
median FU was 62.3 months (IQR 38.1–79) and 
10.2% of the patients were found to be deceased 
at the time of data collection. The 5-year DFS and 
BC were 86.9% and 70% respectively. A detailed 
description of the patients’ characteristics is pre-
sented in Table 1.

The uni- and multivariate (MVA) Cox Regression 
for the DFS found that among max PSA prior to op-
eration, max PSA post operation and PSA immedi-
ately prior to RT, only the last one was a significant 
covariate and remained an independent adverse 
factor for the risk of clinical recurrence in the MVA 
(HR 2.17; 1.04–4.55; p = 0.04). The pT3 characteris-
tic was associated with significantly increased risk 
of developing clinical recurrence or progression 
in the MVA (HR 4.29; 1.8–10.25; p = 0.001) as well 
as local failure as a treatment indication (HR 2.39; 
1.11–5.15; p = 0.026). The PSA Nadir and Gleason 
Grade Group were both associated with an in-
creased risk of DFS failure in the univariate analy-
sis, but were no longer significant in the MVA. The 

PSA Nadir, however, was associated with signifi-
cantly increased risk of BCR in the MVA (HR 1.37; 
1.28–1.46; p = 0.001) The HR’s for the remaining co-
variates and results for BC can be found in Table 2.  

The probability of treatment failure differed be-
tween treatment indication. The differences were 
especially pronounced for BC, and the log-rank 
testing resulted in a high level of statistical signifi-
cance (Figure 1). The trend, however, was different 
for DFS (Figure 2). The difference in Kaplan-Meier 
curves between aRT due to pT3 characteristic and 
sRT due to BCR was very well pronounced in terms 
of BC, but these two curves are similar for DFS. 

The recursive partitioning analysis for DFS pro-
vided the decision tree presented in Figure 3. Out 
of all included clinical variables the final algorithm 
highlighted the importance of PSA before RT, post-
operative GG, PSA nadir as well as a local failure as 
an indication for sRT creating 5 risk groups based 
on DFS. If the initial PSA level before RT exceeded 
2.5 ng/ml, this group was associated with the high-
est risk of relapse or progression. Postoperative 
GG was the second most important divider, with 
the score of GG 3 or lower separating the remain-
ing patients into two further groups. The patients 

TABLE 2. Univariate and multivariate analysis

Univariate analysis Multivariate analysis

DFS BC DFS BC

Covariate: HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age 0.99 (0.94, 1.04) 0.59 1.03 (0.99, 1.08) 0.14 0.97 (0.92, 1.02) 0.19 1.02 (0.98, 1.07) 0.34

max PSA prior to 
operation 1.03 (0.97, 1.08) 0.35 1.03 (1, 1.07) 0.078 1.04 (0.97, 1.11) 0.25 1.05 (1.02, 1.08) 0.001

max PSA post 
operation 1 (0.96, 1.05) 0.91 1.04 (1.02, 1.05) <.001 0.53 (0.28, 1.01) 0.052 1 (0.99, 1.02) 0.65

PSA before 
radiotherapy 1.24 (1.12, 1.37) <.001 1.26 (1.17, 1.35) <.001 2.17 (1.04, 4.55) 0.04 1.19 (1.03, 1.38) 0.017

ADT prior to RT 1.42 (0.74, 2.74) 0.29 1.06 (0.64, 1.75) 0.82 1.39 (0.69, 2.77) 0.35 0.82 (0.5, 1.35) 0.43

pT3a-b vs. pT2a-c 2.57 (1.29, 5.1) 0.007 1.35 (0.83, 2.19) 0.23 4.29 (1.8, 10.25) 0.001 1.89 (1.02, 3.5) 0.044

pN0 vs pN1 0.58 (0.16, 2.13) 0.42 0.94 (0.3, 2.99) 0.92 0.82 (0.31, 2.19) 0.69 0.98 (0.56, 1.72) 0.95

aRT indication - R1 0.6 (0.27, 1.31) 0.2 0.36 (0.2, 0.64) <.001 0.81 (0.19, 3.52) 0.78 0.21 (0.09, 0.52) 0.001

aRT indication - pT3a-b 1.45 (0.69, 3.04) 0.33 0.86 (0.48, 1.55) 0.62 0.72 (0.18, 2.89) 0.64 1.04 (0.43, 2.53) 0.93

sRT indication - 
biochemical failure 1.31 (0.64, 2.68) 0.46 2.02 (1.17, 3.49) 0.011 1.95 (0.41, 9.27) 0.4 1.12 (0.52, 2.41) 0.77

sRT indication - local 
failure 2.03 (1.06, 3.89) 0.033 2.36 (1.45, 3.84) 0.001 2.39 (1.11, 5.15) 0.026 1.48 (0.77, 2.83) 0.24

R1 operation 
(regardless of RT 
indication)

1.2 (0.61, 2.35) 0.59 0.82 (0.5, 1.32) 0.41 1.52 (0.59, 3.92) 0.38 2.17 (1.23, 3.84) 0.007

PSA nadir (per 1ng/ml) 1.34 (1.2, 1.5) <.001 1.29 (1.19, 1.39) <.001 1.16 (0.93, 1.46) 0.19 1.37 (1.28, 1.46) <.001

Gleason Grade Group 1.4 (1.09, 1.8) 0.009 1.15 (0.96, 1.38) 0.12 1.28 (0.95, 1.73) 0.1 1.13 (0.93, 1.38) 0.23

ADT = androgen deprivation therapy; aRT = adjuvant RT; RT = radiotherapy; sRT = salvage RT 
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with GG of 4 or 5 were further divided by the value 
of PSA nadir. If the PSA ever reached values of ≤ 
0.01 during Follow Up, the risk of DFS failure was 
lower. Finally, in patients with GG of 3 or lower, 
the patients treated with sRT due to LF had a sig-
nificantly higher risk of relapse or progression.

Finally, the nomogram utilizing time-varying 
Cox regression model was developed and can be 
found in Figure 4. The c-index for this model was 
0.81 (95%CI: 0.73–0.89) which did not drop (i.e. re-
mained 0.81) in a bootstrap-based validation, thus 
suggesting resilience to overfitting. This model was 
employed to create an online application, which 
visualises the impact of changing prognostic fac-
tors on the probability of clinical relapse or recur-
rence. The application is available online at https://
apps.konsta.com.pl/app/prostate-salvage-dfs/.

Discussion

There are many different available nomograms on 
the subject of prostate cancer treatment, the major-
ity of those addressing the issue of risk stratifica-
tion after primary radical prostatectomy, but the 
risk stratification in post-prostatectomy irradiation 

is significantly more difficult considering the het-
erogeneity of the patients and the recent changes 
in treatment recommendations. In this analysis, 
besides the commonly assessed pre-treatment vari-
ables comparable to those provided by the EAU 
for the post-RP distant metastasis recurrence15, we 
included ADT uptake and PSA levels as variables 
changing over time. Such approach allows for visu-
alisation of changes in patients’ prognosis over the 
course of the follow up, however, on the expense 
of reduced clinical importance of nomogram for 
initial risk evaluation.

There is evidence16 suggesting that distant me-
tastases are a better intermediate clinical endpoint 
compared to BC. However, the use of distant me-
tastasis as an endpoint in our article was limited 
due to the median length of FU (approximately 
5 years). The BCR on average precedes clinical 
metastasis by 7 to 8 years17, and the actual risk of 
distant metastasis is underestimated. Therefore, 
we decided to use DFS and BC as surrogate end-
points, the latter universally preceding metastatic 
progression.8 Due to limited data, we have also 
omitted more thorough analysis of the ADT type 
and duration before RT, as in many cases the pre-
cise date of ADT onset was not available. A com-

FIGURE 3. Recursive partitioning analysis for disease-free survival (DFS).

GGG = Gleason grade group; sRT = salvage RT; RT = radiotherapy
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mon flaw of retrospective studies on post-RT PCa 
patients is the lack of differentiation between aRT 
and sRT subpopulations. For example, a recent 
analysis by Hwang et al. in 201818 concluded that 
aRT reduces BCR and improves metastasis-free 
survival and OS in high-risk patients. The study 
was met with criticism regarding omitting patients 
who were cured by surgery alone. To account for 
such, we included the treatment indication as a 
co-factor in the statistical analysis and nomogram. 
Moreover, such criticism is advised in the inter-
pretation of Kaplan-Meier curves presented in this 
article (Figure 1–2).

Tendulkar et al.7 published an excellent study 
which analyses the importance of pre-RT PSA lev-
els and provides a nomogram for risk stratification 
of BCR and metastases-free survival in patients un-
dergoing sRT. The analysis included a large study 
group (n = 2460) of node-negative patients with a 
detectable PSA post-RP. Notably, the nomogram 
includes one of the independent prognostic factors 
presented in our article, the pre-RT PSA level, as 
a continuous variable. Such approach allows for a 
conceptualization of the importance of early sRT 
initiation in case of post-RP BCR.

In another study, Dalela et al.19 created a prog-
nostic nomogram including clinical features 
and Decipher® (GenomeDx Biosciences, Inc., 
Vancouver, British Columbia) score for the identifi-
cation of optimal candidates for aRT. Although the 
clinical importance of such a nomogram is limited 
in the sRT era, the study highlights the applicabil-
ity of novel, genomic markers for the patients’ risk 

stratification. Moreover, some authors suggest that 
a subset of patients presenting multiple and severe 
adverse prognostic factors, such as pT3b/pT4 fea-
ture and high Gleason Score which were also high-
lighted in this article, could profit from aRT despite 
the late findings.10-12,20

One of the important aspects of changing clini-
cal practice is the introduction of new diagnostic 
methods. In this study, the majority of the DFS 
failures were diagnosed through medical imaging 
performed due to rising PSA (24, 63.2%), which 
was either fluorodeoxyglucose positron emission 
tomography (FDG-PET) (10 cases), prostate spe-
cific membrane antigen PET (PSMA-PET) (7 cases), 
bone scintigraphy (3 cases), computer tomogra-
phy (CT) (2 cases) or magnetic resonance imaging 
(MRI) (2 cases). In 10 cases (26.3%), at the time of 
BCR, the localization of the recurrence could not 
be determined, and clinical recurrence was found 
later in routine imaging: MRI (5 cases), CT (2 cas-
es), FDG-PET (1 case), PSMA-PET (1 case), or RTG 
(1 case). Finally, 4 patients had clinical progression 
diagnosed before BCR, through bone scintigraphy 
(1 case), CT (1 case), MRI (1 case), or physical ex-
amination (1 case). The majority of these diagnos-
tic tools could be replaced with broader usage of 
PSMA-PET in the future, as it seems to have su-
perior sensitivity and specificity.21 The EAU guide-
lines8 suggest considering PSMA- PET in patients 
with persistent or recurrent PSA (> 0.2 ng/ml) after 
RP. However, due to low evidence strength, ac-
cessibility, and relatively high cost compared to 
standard diagnostic methods, the implementation 

FIGURE 4. Nomogram for disease-free survival (DFS).

ADT = androgen deprivation therapy; GGG = Gleason grade group;  RT = radiotherapy
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of routine PET-PSMA imaging is limited. Set aside 
logistic and economic factors, routine PET-PSMA 
could reduce the occurrence of treatment failures 
in the future through early diagnosis of occult 
distant metastasis and early implementation of 
modern techniques of localized treatment for oli-
gometastatic disease. For example, despite limited 
prospective evidence, stereotactic RT has shown 
potential for long-term disease control in such pa-
tients based on our institutional experience.22,23

The TROG 08.03/ANZUP RAVES9, RADICALS-
RT10, and GETUG-AFU 1711 have recently shown 
that sRT approach is preferable to aRT for post-RP 
patients. However, the question remains whether 
it is possible to reproduce the clinical trial setting 
in practice. For example, In the RADICALS-RT 
trial10, the median PSA value at the onset of sRT 
was 0.2 ng/ml (0.1–0.3), significantly lower than 
in our study group - 0.68 ng/ml (IQR 0.31–1.78). 
Considering that the PSA value before RT is an im-
portant prognostic factor7, which has been shown 
in our analysis, we can expect that the treatment 
outcomes of the second group of patients would 
be significantly worse. According to the pre-sRT 
PSA nomogram by Tendulkar et al.7, only 12 (9.8%) 
patients had PSA < 0.2ng/ml before RT, 38 (30.9%) 
PSA 0.21–0.5ng/ml, 29 (23.5%) PSA 0.51–1 ng/ml, 
17 (13.8%) PSA 1.1–2 ng/ml, and finally 25 (20.4%) 
PSA > 2. In 2 cases (1.6%), the PSA pre-sRT value 
was missing. Increased frequency of PSA monitor-
ing and early initiation of sRT could improve the 
treatment outcomes, however, it is often limited by 
patients’ resources and compliance. Therefore, we 
believe that in patients with limited possibility of 
close follow-up and significant adverse prognostic 
factors, offering aRT could reduce the probability 
of a clinical recurrence. 

We acknowledge the limitations and biases of a 
retrospective study. The study was based on sin-
gle-institution data and limited follow-up, which 
could be further improved by the inclusion of other 
sites and registry-based collection of data, which 
we will try to accomplish in the future.
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Background. Patients with left breast cancer who undergo radiotherapy have a non-negligible risk of develop-
ing radiation-induced cardiovascular disease (CVD). Cardioprotection can be achieved through better treatment 
planning protocols and through respiratory gating techniques, including deep inspiration breath hold (DIBH). Several 
dosimetric studies have shown that DIBH reduces the cardiac dose, but clinical data confirming this effect is limited. 
The aim of the study was to compare the mean heart dose (MHD) in patients with left breast cancer who underwent 
radiotherapy at our institution as we transitioned from non-gated free-breathing (FB) radiotherapy to gated radio-
therapy (FB-GRT), and finally to DIBH.
Patients and methods. Retrospective study involving 2022 breast cancer patients who underwent radiotherapy at 
West Pomeranian Oncology Center in Szczecin from January 1, 2014 through December 31, 2017. We compared the 
MHD in these patients according to year of treatment and technique. 
Results. Overall, the MHD for patients with left breast cancer in our cohort was 3.37 Gy. MHD values in the patients 
treated with DIBH were significantly lower than in patients treated with non-gated FB (2.1 vs. 3.48 Gy, p < 0.0001) and 
gated FB (3.28 Gy, p < 0.0001). The lowest MHD values over the four-year period were observed in 2017, when nearly 
85% of left breast cancer patients were treated with DIBH. The proportion of patients exposed to high (> 4 Gy) MHD 

values decreased every year, from 40% in 2014 to 7.9% in 2017, while the percentage of patients receiving DIBH in-
creased.
Conclusions. Compared to free-breathing techniques (both gated and non-gated), DIBH reduces the mean radia-
tion dose to the heart in patients with left breast cancer. These findings support the use of DIBH in patients with left 
breast cancer treated with radiotherapy.

Key words: breast cancer; gated radiotherapy; deep inspiration breath hold; free breathing gated radiotherapy; 
mean heart dose

Introduction

Most patients with breast cancer, who are treated 
surgically also undergo postoperative radiother-
apy1,2, which has been shown to improve locore-
gional control, recurrence rates, and survival.3-6 
However, long-term population-based analyses 
have found that postoperative radiotherapy is as-

sociated with an increased risk of mortality due to 
radiation-induced cardiovascular disease (CVD).7-9 
In recent years, better radiotherapy treatment plan-
ning protocols6,10,11 and widespread use of respira-
tory gating techniques – which have been applied 
in all modern linear accelerators – have improved 
cardioprotection.12-16 
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Cardioprotection can be achieved through bet-
ter treatment planning protocols and respiratory 
gating. When this latter technique is used, the ra-
diation is delivered only during the inspiratory 
phase, when the heart is at its most distant point 
from the chest wall, thus reducing the radiation 
dose to the heart.8,13-16 In recent years, the deep 
inspiration breath hold (DIBH) technique has be-
come increasingly common due to the growing 
body of evidence showing that this approach can 
reduce the mean heart dose (MHD) by 1–3 Gy 
compared to conventional techniques.17 The use 
of cardioprotective techniques such as DIBH is 
crucial in patients with left breast cancer, as these 
patients have a high risk of developing heart dis-
ease within 10 years of radiotherapy treatment.18 
Dosimetric studies have shown that DIBH reduces 
cardiac dose in comparison with free-breathing 
(FB) without gating. Additional data from popula-
tion analyses show that MHD decreases over suc-
cessive years.19,20 

At our institution, we have modified the radio-
therapy treatment protocols over time to reflect 
technological advances and a better understanding 
of the importance of cardioprotection. From 2014 
to 2017, we gradually transitioned from treating 
patients with non-gated FB to gated FB, and finally 
to DIBH. Although some studies have compared 
FB without gating to DIBH12-17, the studies analys-
ing whether DIBH reduces the risk of cardiotoxic-
ity in a large, real-world clinical cohort of patients 
are limited.19,20 Likewise, clinical data on the influ-
ence of DIBH on cardiac complications in these pa-
tients is limited. 

In this context, the aim of this study was to com-
pare differences in mean heart dose for patients 
with left breast cancer treated at our institution 
from 2014 to 2017 during which we transitioned 
from non-gated free-breathing (FB) radiotherapy 
to gated radiotherapy, and finally to DIBH.

Patients and methods

This was a retrospective analysis of all patients (n 
= 2022) diagnosed and treated for breast cancer 
at West Pomeranian Oncology Center in Szczecin 
from January 1, 2014 through December 31, 2017.

Patients’ written inform consent about the study 
was waved because of retrospective clinical data 
analysis. The study was conducted according the 
Helsinki Declaration and the European Council 
Convention on Protection of Human Rights in Bio-
Medicine (Oviedo 1997).

Virtually all of patients (99.6%) received post-
operative radiotherapy and 1049 (51.9%) were 
treated for left breast cancer. During the study 
period, most patients were treated with conven-
tional three-dimensional (3D) radiotherapy (n = 
1513, 74.8%) or intensity-modulated radiotherapy 
(IMRT; n = 69, 3.4%) with free-breathing. A total 
of 188 patients (9.3%) underwent FB-gated radio-
therapy (FB-GRT). Starting in October 2016, all 
new left breast cancer patients were treated with 
DIBH. Thus, from that point in time until the study 
end (2017), the DIBH technique was applied in 252 
(12.5%) patients. Gated radiotherapy during FB 
and DIBH were applied only to left breast cancer 
patients.

All patients underwent CT-based 3D planning 
in the therapeutic position. All patients were treat-
ed on the same linear accelerator model (Artiste, 
Siemens Healthcare, Erlangen, Germany). Gated 
radiotherapy during FB procedures was performed 
with assistance of a respiratory gating system (AZ-
733VI, Anzai Medical Co., Tokyo, Japan), which di-
vides the normal breathing cycle into eight phases, 
with irradiation administered only during the in-
halation phase. Patients who were able to maintain 
a stable breath cycle received FG-GRT if, in the 
clinical judgement of the treating radiation oncolo-
gist, there was a dosimetric benefit identified by 
any significant separation of the heart from chest 
wall (increase of at least 5 mm). DIBH (AlignRT 
system Vision RT Ltd, London, UK) was used in 
patients expected to benefit from this approach. 
Patients unable to hold their breath were not con-
sidered eligible for this procedure. The DIBH ir-
radiation technique was used with assistance of a 
real-time 3D surface tracking system (AlignRT) as 
described elsewhere.12,21,22 

Treatment planning followed institutional pro-
tocol. CTV contours were drawn according to 
ESTRO recommendations23 and heart contours ac-
cording to Feng et al.24 Regional lymph nodes (ip-
silateral axillary and supraclavicular ones) were ir-
radiated in every patients with macrometastases in 
axillary lymph nodes as internal mammary lymph 
nodes (upper I–IV) in patients after mastectomy. 
Five millimetre margin was added to create PTV 
from CTV. Dose constraints for heart were V20 < 
10% (less than 10% of the organ covered be dose of 
20Gy), V40 < 5% for conventional fractionation and 
V17 < 10%, V35 < 5% for hypofractionated regimens.

Treatment plans were created with the Prowess 
Panther system for IMRT (Radiology Oncology 
Systems, Inc., San Diego, CA, USA) and the 
Oncentra Masterplan (Nucletron, Veenendaal, The 
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Netherlands) for other techniques. All  patients 
treated with FB-GRT or gated radiotherapy during 
FB and DIBH underwent 3D-RT. IMRT was used in 
patients with left breast cancer if the 3D conformal 
plan did not meet the prescribed dose constraints. 

The data were obtained from the planning sys-
tems, which included the: MHD; the heart volume 
receiving > 40%, 60%, 80%, 100% of the defined 
dose (V40%, V60%, V80%, V100%). The MHD value was 
expressed in Gy and V40%, V60%, V80%, V100% were the 
value for the absolute heart volume in cubic centi-
metres. 

The conventional dose scheme was 50 Gy (2 
Gy per fraction administered daily from Monday 
through Friday) to the breast/chest wall, with or 
without nodal irradiation. A 10–16 Gy boost to the 
tumor bed was prescribed for patients undergoing 
breast-conserving surgery (BCS). Hypofractionated 
schemes were 42.5–45 Gy (2.25–2.5 Gy per fraction) 
plus a boost of 10 Gy, or 40.05 Gy (2.67 Gy per frac-
tion) without boost. In the subset of patients who 
underwent BCS, a total of 155 were given a boost 
dose with either intraoperative radiotherapy (n = 

93) as an early boost or brachytherapy (n = 62). The 
boost dose was not included in the present analy-
sis. We normalized hypofractionated plans to the 
conventional scheme (50 Gy in 25 fractions) and 
recalculated them to obtain the corrected MHD 
(MHDFx). 

Patients who received IMRT were not included 
in the MHD and MHDFx analyses, as the MHD in 
IMRT plans is higher than those obtained with 3D 
conformal radiotherapy, with a different impact on 
cardiac morbidity.20,25

Statistical analysis

The χ2 test was used to compare differences among 
patients treated in different years (2014 vs. 2015 vs. 
2016 vs. 2017) and between radiation techniques. 
The level of statistical significance was set at p < 
0.05. Student’s t-test was applied to assess differ-
ences between mean values (95% confidence inter-
val, statistical significance was set at p < 0.05) of 
MHD, MHDFx, V40%, V60%, V80%, V100% over time and 
among techniques. 

Results

Table 1 shows the clinical characteristics of the 
left breast cancer patients and treatment param-
eters according to year of treatment. As that table 
shows, there were no significant differences in 
baseline characteristics of the patients (e.g., body 
mass index, type of surgery, axillary lymph node 
surgery, nodal irradiation) regardless of the year. 
Table 1 also shows that the use of IMRT decreased 
over time as the number of patients undergoing 
gated therapy increased. Similarly, an increasing 
proportion of patients received hypofractionated 
radiotherapy over time. 

Overall, MHD values ranged from 0 to 19.44 Gy, 
with a mean of 2.48 Gy (95% confidence interval 
[CI], 2.39–2.57). For patients with left breast can-
cer, the MHD was 3.37 Gy (range, 0.56–19.44 Gy; 
95% CI 3.23–3.5) and 1.51 Gy (range 0–17.31; 95% 
CI 1.43–1.58) for the right side. Overall, the MHDFx 
was 2.62 (range, 0–19.44 Gy; 95% CI, 2.53–2.71). For 
patients with left breast cancer, the MHDFx was 
3.52 (range, 0.66–19.44; 95% CI 3.38–3.65) and 1.62 
Gy (range 0–17.31; 95% CI 1.54–1.69).

Table 2 shows the MHD and MHDFx by year of 
treatment, indicating that the proportion of pa-
tients with left breast cancer exposed to MHD and 
MHDFx values > 4 Gy decreased every year – from 
40% in 2014 to 7.9% in 2017 – with a statistically sig-

TABLE 1. Patient clinical characteristics by year of treatment 

Variable

  2014 2015 2016 2017 p-value

Side
Right 155 277 278 263

NS
Left 201 284 298 266

BMI

< 25 7 12 14 8

NS
25–30 67 101 97 77

30–35 65 102 101 117

> 35 62 69 85 63

Operation type
BCS 137 188 201 182

NS
Mastectomy 64 92 95 82

Nodal status
N(-) 129 159 180 174

NS
N(+) 72 121 116 90

RNI
No 127 146 156 149

NS
Yes 74 138 142 117

HFX
No 165 192 167 80

< 0.0001
Yes 36 92 131 186

Gated 
radiotherapy

 

FB 122 197 200 38

< 0.0001
FB-GRT 42 76 70 0

DIBH 0 0 24 228

IMRT 37 11 4 0

BC = breast conserving surgery; BMI = body mass index; DIBH = deep inspiration breath hold;  
FB = free breathing; FB-GRT = free breathing gated radiotherapy; HFX = hypofractionation;  
IMRT = intensity-modulated radiotherapy; Nodal status = lymph node negative vs. positive;  
NS = not significant; RNI = lymph node radiotherapy; Side = indicates right vs. left location
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nificant decrease in MHD values from 2014 to 2015 
and from 2016 to 2017. Similarly, the maximum 
MHD values fell every year from 2014 to 2017, from 
19.44 Gy to 12.27 Gy to 11.07 and finally to 7.36 Gy 
in 2017. Figures 1 and 2 show these results graphi-
cally, indicating an increase in the proportion and 
number of patients who received lower MHD (p < 
0.0001) and MHD Fx (p < 0.0001).

Despite the above observation every year MHD 
and MHDFx mean values were significantly high-
er for left-sided breast cancer when compared to 
right-sided (Table 3). Additionally Table 3 shows, 
that MHD and MHDFx improved every year among 
those either irradiated to lymph nodes or not and 
in those with body mass index (BMI) either below 
or above 30. Every year patients with BMI < 30 
were exposed to lower MHD and MHDFx and in 
2016 and 2017 regional nodal irradiation (RNI) led 
to higher MHD and MHDFx values comparing to 
no RNI (Table 3).

As Table 4 shows, the mean V40%, V60%, V80%, and 
V100% values all decreased year over year, although 
this decrease was not statistically significant every 
year (e.g., V100%). Notably, V100% improved irre-
spective of the specific gating technique (FB-GRT 
or DIBH) versus FB, with the best V100% values ob-
served in patients treated with DIBH. There was a 
non-significant difference in mean V40%, V60%, V80% 
values when comparing gated FB-GRT to non-
non-gated FB. For all parameters (V40%, V60%, V80%, 
V100%) DIBH was significantly better than gated 
FB-GRT. DIBH was associated with significantly 
lower mean V60% and V80% values compared to FB. 
The mean V40% was lower for DIBH than for FB, but 
not significantly (p = 0.0529) (Table 4).

Table 5 shows the comparison according to ra-
diation technique (FB vs. FB-GRT vs. DIBH). DIBH 

TABLE 2. Mean heart dose (MHD) and fractionation-corrected MHD (MHDfx) by year of treatment

2014 2015 2016 2017 p

Patients, n 160 255 294 266

MHD (Gy) < 4 98 175 211 248 < 0.0001

≥ 4 62 80 83 18

Mean (95% CI) 3.93 (3.53–4.33) 3.44 (3.19–3.68) 3.27 (3.07–3.49) 2.23 (2.1–2.37)

2014 vs. 2015: p = 0.027, 2015 vs. 2016: NS, 2016–2017: p < 0.0001

MHDfx (Gy) < 4 96 168 205 245 < 0.0001

≥ 4 64 87 89 21

Mean (95% CI) 4.03 (3.63–4.43) 3.6 (3.35–3.84) 3.41 (3.2–3.61) 2.42 (2.28–2.56)

2014 vs. 2015: p = 0.0551, 2015–2016: NS, 2016–2017: p < 0.0001

NS = not significant

FIGURE 1. Mean heart dose (MHD) values by year 2014–2017.

FIGURE 2. Fractionation-corrected mean heart dose (MHDfx) values by year 2014–
2017.
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was associated with the lowest values (2.1 Gy and 
2.31 Gy, respectively), which were significantly 
lower than those observed for FB-GRT (3.28 Gy, p 
< 0.0001 and 3.45 Gy, p < 0.0001, respectively) and 
non-gated FB (3.58 Gy, p < 0.0001 and 3.69 Gy, p < 
0.0001, respectively). There were no significant dif-
ferences between the FB and FB-GRT groups. Note 
that fewer patients were exposed to high (> 4 Gy) 
MHD and MHDFx values when gated irradiation 
was used, particularly in the DIBH group in which 
only 4.8% presented a MHD ≥ 4 Gy versus 22.4% 
for patients treated with FB-GRT and 35.2% in FB.

Table 6 shows no difference in MHD and MHDFx 
values comparing RNI and no RNI in a group of 
patients without gating procedure applied. The 
biggest difference was observed for DIBH (MHD 
2.45 vs. 1.89, p < 0.0001, MHDFx 2.58 vs. 2.15, p = 
0.0026 respectively). MHD and MHDFx did not dif-
fer significantly in patients with BMI below and 
above 30 if DIBH was used (Table 6). The differ-
ence was significant if FB and FB-GRT was used 

and MHD and MHDFx were higher for patients 
with BMI above 30 (Table 6).

Discussion

The present study was performed to evaluate the 
influence of DIBH on mean heart doses in patients 
with left breast cancer. Overall, the MHD in pa-
tients with left breast cancer was 3.37 Gy. Patients 
treated with DIBH had significantly lower MHD 
values than patients treated with FB or FB-GRT 
techniques (2.1 Gy vs. 3.48 and 3.38 Gy, respec-
tively, p < 0.0001). The lowest MHD values were 
obtained in the last year of this study (2017), when 
nearly 85% of left breast cancer patients were 
treated with DIBH. Moreover, of the patients with 
MHD values > 4Gy, the smallest proportion was 
observed in the DIBH group. These data confirm 
that DIBH reduces the mean radiation dose to the 
heart in patients with left breast cancer. Drost et al. 

TABLE 3. Mean heart dose (MHD) and fractionation-corrected MHD (MHDfx) by year of treatment and side, regional nodal irradiation and body mass 
index

MHD 2014 2015 2016 2017

Side Left 3.93 (3.53–4.33) 3.44 (3.19–3.68) 3.27 (3.07–3.49) 2.23 (2.1–2.37)

Right 1.55 (1.27–1.83) 1.54 (1.4–1.67) 1.37 (1.28–1.46) 1.47 (1.38–1.56)

p < 0.0001 < 0.0001 < 0.0001 < 0.0001

RNI No 3.86 (3.34–4.37) 3.2 (2.87–3.54) 2.98 (2.71–3.25) 1.91 (1.77–2.07)

Yes 4.03 (3.39–4.67) 3.68 (3.32–4.03) 3.56 (3.27–3.91) 2.64 (2.41–2.86)

p NS NS 0.0038 < 0.0001

BMI < 30 3.23 (2.8–3.65) 2.53 (2.32–2.82) 2.66 (2.38–2.94) 1.92 (1.71–2.14)

≥ 30 4.38 (3.8–4.97) 4.05 (3.73–4.38) 3.63 (3.35–3.91) 2.38 (2.21–2.55)

p 0.0053 < 0.0001 < 0.0001 0.002

MHDfx 2014 2015 2016 2017

Side Left 4.03 (3.63–4.43) 3.6 (3.35–3.84) 3.41 (3.2–3.61) 2.42 (2.28–2.56)

Right 1.64 (1.36–1.93) 1.65 (1.51–1.8) 1.45 (1.36–1.54) 1.62 (1.52–1.72)

p 0.0001 0.0001 0.0001 0.0001

RNI No 3.98 (3.46–4.5) 3.47 (3.12–3.82) 3.18 (2.91–3.45) 2.16 (2–2.32)

Yes 4.1 (3.44–4.75) 3.72 (3.36–4.08) 3.65 (3.33–3.96) 2.76 (2.53–2.98)

p NS NS 0.0272 0.0001

BMI < 30 3.29 (2.87–3.71) 2.7 (2.39–3.01) 2.79 (2.51–3.07) 2.12 (1.9–2.34)

≥ 30 4.5 (3.91–5.09) 4.2 (3.87–4.53) 3.76 (3.49–4.04) 2.56 (2.39–2.74)

p 0.0036 < 0.0001 < 0.0001 0.0029

BMI = body mass index; NS = not significant; RNI = lymph node radiotherapy; Side = indicates right vs. left location; 

Mean values (95% Confidence Interval in brackets)
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TABLE 4. Comparison of mean V40%, V60%, V80%, V100% values obtained from 2014 to 2017 and between radiation techniques

Year V100 cm3 V80 cm3 V60 cm3 V40 cm3

2014 0.75 (0.46–1.03) 7.21 (5.6–8.82) 16.75 (13.98–19.51) 33.02 (28.22–37.82)

2015 0.54 (0.22–0.87) 4.31 (3.3–5.32) 9.56 (7.9–11.21) 40.68 (3.03–78.33)

2016 0.20 (0.02–0.38) 2.73 (2.04–3.42) 7.91 (6.56–9.26) 16.9 (14.49–19.30)

2017 0.08 (-0.0096–0.16) 1.13 (0.32–1.94) 3.13 (1.93–4.32) 9.1 (4.44–13.76)

  2014 vs. 2015: NS 2014 vs. 2015: p = 0.0018 2014 vs. 2015: p < 0.001 2014 vs. 2015: NS

  2015 vs. 2016: NS 2015 vs. 2016: p = 0.0096 2015 vs. 2016: NS 2015 vs. 2016: NS

  2016 vs. 2017: NS 2016 vs. 2017: p  = 0.0029 2016 vs. 2017: p < 0.0001 2016–2017: p = 0.0027

FB 0.37 (0.22–0.52) 4.46 (3.67–5.25) 11.2 (9.9–12.5) 33.13 (16.22–50.03)

FB-GRT 0.76 (0.36–1.17) 4.7 (3.61–5.79) 9.87 (7.83–11.9) 17.75 (13.95–21.56)

DIBH 0.06 (-0.02–0.14) 0.71 (0.37–1.05) 2.3 (1.48–3.13) 7.47 (2.71–12.23)

  FB vs. FB-GRT: p = 0.0274 FB vs. FB-GRT: NS FB vs. FB-GRT: NS FB vs. FB-GRT: NS

  FB vs. DIBH: p = 0.0107 FB vs. DIBH: p < 0.0001 FB vs. DIBH: p < 0.0001 FB vs. DIBH: p = 0.0529

  FB-GRT vs. DIBH: p < 0.0001 FB-GRT vs. DIBH: p < 0.0001 FB-GRT vs. DIBH: p < 0.0001 FB-GRT vs. DIBH: p = 0.0019

DIBH = deep inspiration breath hold; FB = free breathing; FB-GRT = free-breathing gated radiotherapy; V40%, V60%, V80%, V100% = absolute heart volume (in cubic centimetres) covered 
by percentage of delivered dose (40%–100%); 

Mean values (95% Confidence Interval in brackets)

TABLE 5. Mean heart dose (MHD) and fractionation corrected MHD (MHDfx) 
according to radiation technique

FB FB-GRT DIBH p

Patients, n 540 183 252

MHD
< 4 Gy 350 142 240 < 0.0001

≥ 4 Gy 190 41 12

MHDfx

< 4 Gy 340 137 237 < 0.0001

≥ 4 Gy 200 46 15

DIBH = deep inspiration breath hold; FB = free breathing; FB-GRT = free-breathing gated 
radiotherapy 

analysed studies published between 2014 and 2017, 
reporting MHD 3.6 Gy in left breast cancer patients 
and 1.7 Gy if any breathing control technique was 
used (19). The data from 20 sites in United States 
show that median MHD decreased from 2.19 Gy 
in 2012 to 1.65 Gy in 2015 (20). Comparable values 
were observed for left breast cancer patients with 
median MHD 1.5 Gy for gated radiotherapy.26 In 
our study the reported values are higher. It might 
be explained be differences in 3D planning systems 
used in different centres, as mean values for right 
breast cancer patients in our study are twice higher 
than in other studies (1.51 Gy vs. 0.7 Gy).26 Testolin 
et al. presented data on 280 left breast cancer pa-
tients who underwent DIBH combined with IMRT. 
The mean MHD was 0.94 Gy in DIBH group and 
2.14 Gy in those with no gating.27 Those values are 
lower than the ones we present, but on the other 
hand in mentioned trial only 11% of patients were 
after mastectomy and only 11.4% patients under-
went RNI comparing to 44% and 31% in 2017 in 
our study. Nevertheless in our study mean MHD 
without RNI was 1.89 Gy. 

There is a large body of evidence on the negative 
impact of excessive radiation doses to the heart. 
Darby et al.28 showed that every 1 Gy increase in 
MHD increases the risk of CVD-related mortality 
by 7.4%. Those authors estimated the risk of devel-
oping CVD according to increases in the MHD, as 
follows: 10% increased risk for MHD < 2 Gy; 30% 

for MHD 2–4 Gy; and 40% for MHD at 5–9 Gy. 
Taylor et al. estimated that every additional 1 Gy 
in MHD is associated with a 4% increase in CVD 
mortality29, estimating no increase in CVD mortal-
ity risk for MHD values < 4 Gy, but an increase in 
risk of up to 25% for doses ranging from 4–8 Gy. 

In our cohort, MHD and MHDFx values – which 
indicate a lower risk of CVD – trended downwards 
over time as radiotherapy and gating techniques 
improved. In 2017, most of the left breast cancer 
patients in our study received MHD doses below 
2–4 Gy, and none were exposed to a MHD > 8 Gy. 
Relevantly, the only factor that changed in this pe-
riod was the introduction of DIBH irradiation in 
October 2016.
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Sardaro et al. suggested the following plan-
ning dose constraints to achieve a low risk (< 1%) 
of CVD-related mortality: V30Gy < 20 cm3, V40Gy < 10 
cm3, and V50Gy < 2 cm3.30 These constraints depend 
only on the heart volume exposed to a given ra-
diation dose and do not depend on the quality of 
organ contouring. The values reflecting those con-
straints in our analysis were V60%, V80%, and V100%.  
In 2017, only 11 patients did not fulfil those crite-
ria, and only 5 of those patients were treated with 
DIBH. In other words, 97.8% of breast cancer pa-
tients treated with DIBH radiotherapy had a less 
than 1% increased risk of CVD-related mortality. 
The largest improvement in V80%, V60%, V40% values 
was observed in 2017, when DIBH was introduced. 
Data presented by Testolin et al. suggest that there 
is still possibility to improve the results as they 
presented mean V80%, V60%, V40% values below 1 cm3 
with combined DIBH and IMRT.27

In our cohort, gated radiotherapy during FB 
modestly decreased the cardiac dose compared to 
non-gated FB, possibly due to more stringent qual-
ification criteria, such as the expected benefit from 
gated radiotherapy during FB and the patients’ 
ability to cooperate with the procedure. Thus, the 
non-gated FB group included patients whose heart 
was optimally located in relation to the chest wall. 
However, compared to gated and non-gated FB, 

DIBH resulted in significantly better heart spar-
ing on nearly all parameters. These findings are 
consistent with other studies that have compared 
non-gated FB to DIBH, which have shown that 
DIBH decreases the MHD by 33%–66% from the 
initial value compared to non-gated FB.12-16,22,31-

36 However, those studies are limited by the type 
of analyses performed: the authors created plans 
based on CT scans obtained during FB and DIBH, 
and then calculated the estimated (i.e., theoretical) 
benefit from gated radiotherapy techniques. By 
contrast, we present real-world data from routine 
clinical practice, confirming the findings reported 
by Eldredge et al. in a prospective trial that demon-
strated that radiotherapy with the Active Breathing 
Coordinator (ABC) reduced MHD values by ≥ 20% 
in 88% of patients.15

In 2017, 86% of left side breast cancer patients 
successfully underwent radiotherapy with DIBH. 
Comparable results presented Testolin et al., but 
Eldredge et al. reported that 72% patients success-
fully underwent radiotherapy with DIBH using a 
different gating system (Active Breath Coordinator 
System, Elekta Instrument AB, Stockholm, 
Sweden).15,27 Surface monitoring systems seem to 
be more comfortable for patients.

MHD and MHDFx were higher for RNI compar-
ing to no RNI in those who underwent either FB-
GRT or DIBH. DIBH offers the best sparing in both 
clinical scenarios. RNI leads to higher MHD20,27,38, 
with the strongest impact if internal mammary 
lymph nodes are irradiated.37 In our study 33% of 
left breast cancer patients were irradiated to inter-
nal mammary lymph nodes. It may explain higher 
MHD values reported in our study comparing to 
other series.19,20,27

In our cohort, MHD and MHDFx were higher in 
patients with BMI > 30 if FB or FB-GRT was used 
but not DIBH. The correlation between BMI and 
MHD was also reported by Finazzi et al.37

Study strengths and limitations

The main limitation of this study is the retrospec-
tive design. By contrast, an important strength is 
the large sample size (> 1000 patients). The study 
clinically demonstrates that DIBH  reduces the risk 
of cardiotoxicity versus FB and FB-GRT.

Conclusions

Our results show that the DIBH technique lowers 
the mean heart dose in patients with left breast can-

TABLE 6. Mean heart dose (MHD) and fractionation-corrected MHD (MHDfx) 
according to radiation technique and regional nodal irradiation, body mass index

MHD   FB FB-GRT DIBH

RNI No 3.5 (3.23–3.77) 3.07 (2.75–3.39) 1.89 (1.75–2.04)

  Yes 3.62 (3.42–3.83) 4.59 (3–6.19) 2.45 (2.21–2.69)

  p NS 0.003 < 0.0001

BMI < 30 2.72 (2.52–2.93) 2.78 (2.4–3.15) 1.92 (1.69–2.16)

  ≥ 30 4.04 (2.83–4.25) 3.7 (3.14–4.27) 2.19 (2.03–2.34)

  p < 0.0001 0.0103 NS

MHDfx   FB FB-GRT DIBH

RNI No 3.71 (3.44–3.99) 3.25 (2.94–3.57) 2.15 (1.99–2.3)

  Yes 3.69 (3.48–3.88) 4.66 (3.05–6.27) 2.58 (2.33–2.82)

  p NS 0.0061 0.0026

BMI < 30 2.83 (2.62–3.03) 2.96 (2.57–3.35) 2.12 (1.89–2.36)

  ≥ 30 4.16 (3.95–4.37) 3.86 (3.3–4.42) 2.4 (2.23–2.57)

  p < 0.0001 0.0125 NS

BMI = body mass index; DIBH = deep inspiration breath hold; FB = free breathing; FB-GRT = 
free-breathing gated radiotherapy; NS = not significant; RNI = lymph node radiotherapy; Side = 
indicates right vs. left location;

Mean values (95% Confidence Interval in brackets)
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cer treated with radiotherapy, minimising the risk 
of radiation-induced CVD. Although the clinical 
impact of these findings remains unknown due to 
the long latency period, it seems highly probable 
that lower radiation doses to the heart will reduce 
radiation-induced CVD in these patients. The data 
from our study, considered in the context of other 
published studies, suggest that DIBH should be 
offered to every patient with left breast cancer to 
reduce treatment-related morbidity and mortality. 
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Introduction. Fertility preservation is an important aspect of quality of life in oncological patients, and in men is 
achieved by semen cryopreservation prior to treatment. Results of in vitro fertilization (IVF) procedures in healthy in-
fertile couples are comparable, regardless of whether fresh or cryopreserved semen is used, but are scarce in male 
oncological patients.
Patients and methods. We performed a retrospective analysis of IVF/intracytoplasmic sperm injection (IVF/ICSI) 
procedures in infertile couples where men had been treated for cancer in the past. We additionally compared the 
results of IVF/ICSI procedures with respect to the type of semen used (fresh, cryopreserved). 
Results. We compared the success rates of 214 IVF/ICSI cycles performed in the years 2004–2018. Pregnancy (30.0% 
vs. 21.4%; p = 0.12) and live-birth rates (22.3% vs. 17.9%; p = 0.43) per oocyte aspiration were similar between the groups 
in fresh cycles; however embryo utilization (48.9% vs. 40.0%; p = 0.006) and embryo cryopreservation rates (17.3% vs. 
12.7%; p = 0.048) were significantly higher in the cryopreserved semen group. The cumulative pregnancy rate (60.6% 
vs. 37.7%; p = 0.012) was significantly higher, and the live-birth rate (45.1% vs. 34.0%; p = 0.21) non-significantly higher, 
in the cryopreserved semen group. 
Conclusions. The success of IVF/ICSI procedures in couples where the male partner was treated for cancer in 
the past are the same in terms of pregnancies and live-births in fresh cycles regardless of the type of semen used. 
However, embryo utilization and embryo cryopreservation rates are significantly higher when cryopreserved semen is 
used, leading to a significantly higher cumulative number of couples who achieved at least one pregnancy. 

Key words: assisted reproduction techniques; infertility; fertility preservation; sperm cryopreservation; pregnancy

Introduction

The life expectancy of cancer patients has signifi-
cantly improved during the past decade due to im-
proved oncological treatment, and it has therefore 
become important to enable them to have a qual-
ity life after the oncological treatment has finished. 
The ability to have your own biological children is 
one of the most important aspects of quality of life. 

It is well known that oncological treatment, 
as well as cancer itself, can cause male infertility. 
Testicles are sensitive to chemotherapy and radio-

therapy, which can cause a disruption of spermato-
genesis.1,2 It has been estimated that approximately 
15–30% of male cancer patient survivors become 
infertile after oncological treatment.3,4 Whether or 
not sperm production is disrupted depends on sev-
eral factors: type of cancer; semen quality prior to 
treatment; type, dosage and duration of oncologi-
cal treatment.2,5 For instance, most of the alkylating 
agents (e.g. chlorambucil, cyclophosphamide, mel-
phalan), ionizing radiation (causes DNA breaks) 
and cisplatin (causes DNA cross-link) can cause 
prolonged azoospermia; nitrosoureas can cause 
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azoospermia in adulthood when used for treat-
ment prior to puberty; while other agents cause 
permanent or prolonged azoospermia only when 
applied in combination with other gonadotoxic 
agents (e.g busulfan).6 Despite the fact that sper-
matogenesis can be reinstated after prolonged azo-
ospermia and semen quality can be reduced7,8, it 
doesn’t seem that intensified chemotherapy is the 
most important predictor for reducing fertility.9 
It is therefore crucial that we explain the possible 
negative impact of oncological treatment on fertil-
ity, and offer the possibility of fertility preservation 
to male cancer patients prior to treatment.10 Data in 
literature show that semen cryopreservation before 
the start of oncological treatment is a highly suc-
cessful method for male fertility preservation.11,12 
This method can be used from puberty onwards. 
It has been shown that the success rate of in vitro 
fertilization (IVF) procedures in healthy men is 
comparable when fresh or cryopreserved semen is 
used.13,14 Before puberty, only testicular tissue can 
be cryopreserved for later re-transplantation or in 
vitro manipulation after the end of treatment.15 This 
procedure, however, is still experimental and has 
only been successfully used in animal models16,17 
and monkeys.18 

The aim of the present study was to retrospec-
tively analyze the success rates of IVF procedures 
that were performed with the semen of men who 
had been treated for cancer in the past. We deter-
mined whether there are differences in IVF/intra-
cytoplasmic sperm injection (IVF/ICSI) success 
rates when fresh or cryopreserved semen is used. 

Patients and methods

We performed a retrospective analysis of IVF/ICSI 
cycles in couples where the male partner had pre-
viously been treated for cancer. All consecutive cy-
cles performed at our IVF center at the University 
Medical Centre in Ljubljana, in the period between 
January 2004 and December 2018, were included. 
First, we analyzed all cycles together, regardless of 
whether fresh or frozen semen was used for oocyte 
fertilization. We then divided the couples into two 
groups: one group in which cryopreserved semen 
was used for oocyte fertilization, and one group 
where fresh semen, obtained on the day of oocyte 
aspiration, was used. In all cases included in this 
retrospective study, the semen was cryopreserved 
before oncological treatment. Cryopreserved se-
men was used for IVF/ICSI in all azoospermic and 
aspermic patients. Fresh semen was used when the 

semen was of proper quality, so that high fertili-
zation rates were expected. The decision on which 
sperm to use was made for each patient/sperm 
sample individually. If fertilization rates in cycles 
using fresh semen were low, frozen thawed semen 
was used in the next IVF/ICSI cycle. Similarly, if the 
development of embryos was poor in the previous 
cycle, we changed the type of semen to be used for 
the next IVF/ICSI procedure, where possible. Fresh 
semen was also used in patients where semen was 
not cryopreserved prior to oncological treatment.

In the majority of cases, embryo transfer was 
performed on day 5. However, in cases where there 
were only 1 or 2 embryos available for ET, or there 
was poor embryo development until day 5 in the 
previous cycle, embryos were transferred on day 
3. In cases of poor embryo development, the rest of 
the embryos were cultured until day 5/6, and cryo-
preserved if developed to blastocysts of appropri-
ate quality, according to Gardner et al.19 The same 
criteria for the cryopreservation of supernumerary 
embryos were considered when all embryos were 
cultured until day 5/6. 

To determine the differences between the 
groups, data were analyzed by using Pearson’s 
chi-square test, Fisher’s exact test and a Student’s 
t-test. A p value of less than 0.05 was considered as 
statistically significant.

The study did not have to be notified in the 
Ethics Committee according to Slovene law, as it 
was a register-based study where all the partici-
pants signed individual personal approval and 
permission before starting the treatment (Personal 
Data Protection Act, Official Gazette of the 
Republic of Slovenia No 94/07, 2004). Additionally, 
by Slovenian law, the healthcare providers are 
obligated to collect data about assisted repro-
duction procedures and follow the success rates 
(Healthcare Databases Act, Official Gazette of the 
Republic of Slovenia No 65/00, 2000; No 47/15, 
2015; 31/18, 2018).

Results

We retrospectively analyzed the outcome of IVF/
ICSI cycles where cryopreserved or fresh semen 
from male oncological patients was used for oocyte 
fertilization. Table 1 presents types of cancer, and 
the number of cases for each cancer type in the cry-
opreserved and fresh semen groups. There were 
214 such IVF/ICSI cycles performed in 115 couples 
between January 2004 and December 2018. This 
represents 1.5% of all cycles performed during this 
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period. The mean female age was 31.9 ± 4.6 years. 
Altogether, 2,102 oocytes were retrieved (9.8 ± 5.8 
per cycle). After fertilization (the results are for 
conventional IVF and ICSI together), 1,007 oocytes 
(47.9%) were fertilized, 363 (17.3%) were immature, 
262 (12.5%) degenerated and 26 (1.2%) were incor-
rectly fertilized (polyploidies). Nine hundred and 
sixty-three fertilized oocytes (95.6%) developed in-
to embryos, resulting in 4.5 ± 3.6 embryos per cycle. 
On the third day after oocyte aspiration, 63 (6.5%) 
of the embryos were transferred to the uterus, and 
the remaining embryos (900; 93.5%) were cultured 
until the fifth or sixth day of development. Of these 
embryos, 289 (32.1%) developed to blastocysts, 
and at least one blastocyst was obtained in 121 
IVF/ICSI cycles (56.5%). Altogether, fresh embryo 
transfer (ET) was performed in 176 cycles; in 32 
cycles (15.0%) there were no embryos of appropri-
ate quality for transfer. Cryopreservation of all em-
bryos was conducted in 6 cycles. Supernumerary 
embryos were cryopreserved (148; 15.4%) and cry-
opreservation was performed in 55 cycles (25.7%). 
Embryo utilization rate (the number of transferred 
embryos plus the number of cryopreserved) was 
45.2%. Pregnancy rate per ET (with mean number 

of transferred embryos 1.6 ± 0.5) was 32.4% and 
26.6% per oocyte aspiration. Miscarriage occurred 
in 12 pregnancies (21.1%). There were 44 deliveries 

TABLE 1. Types of cancer in male patients, and the number 
of cases for each cancer type in the cryopreserved and fresh 
semen groups

Cryopreserved 
semen (N)

Fresh 
semen(N)

Testicular cancer 39 36

Hodgkin lymphoma 16 7

Non-Hodgkin lymphoma 0 1

Burkitt lymphoma 1 0

Leukemia 7 5

Plasmacytoma 3 1

Rectal cancer 1 2

Brain tumor 1 0

Malignant melanoma 1 0

Prostate cancer 1 0

Epipharynx tumor 0 1

Together 70 53

TABLE 2. The baseline characteristics of patients and in vitro fertilization / intracytoplasmic sperm injection (IVF/ICSI) cycles. 
Statistically significant differences are marked with an asterisk (p value < 0.05)

Cryopreserved semen Fresh semen p values

Causes of female infertility

   Tubal factor  2 (1.5%) 1 (1.2%) 1

   Endometriosis  2 (1.5%) 2 (2.4%) 1

   Endocrine disorders 16 (12.3%) 2 (2.4%) 0.011*

   Uterine factor 9 (6.9%) 11 (13.1%) 0.13

   Cervical factor 0 5 (6.0%) 0.009*

   Multiple causes of female infertility 15 (11.5%) 20 (23.8%) 0.018*

   No cause of female infertility 86 (66.2%) 43 (51.2%) 0.029*

Ovarian stimulation protocols

   Long agonist protocol 74 (56.9%) 53 (63.1%) 0.37

   Short antagonist protocol 55 (42.3%) 30 (35.7%) 0.33

   Others 1 (0.8%) 1 (1.2%) 1

Number of cycles 130 84  

Number of couples 71 53  

Female mean age (± SD) 31.7±4.8 32.3±4.3 0.31

Number and rate of ICSI cycles 122 (93.8%) 40 (84.5%) 0.025*

Oocyte number (mean number per cycle) 1273 (9.8±5.2) 829 (9.9±6.7) 0.93

Number of MII oocytes (ICSI cycles only) 974 568  

MII = metaphase II
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leading to a 25.0% live-birth rate per ET and 20.6% 
per oocyte aspiration. Twins were born in three 
cases, representing 6.8% of all births. 

Due to the nature of the oncological disease 
and its treatment, it is sometimes necessary to use 
the semen that has been cryopreserved prior to 
the start of the treatment in IVF/ICSI procedures. 
Therefore, we further analyzed whether there was 
a difference in the outcome of IVF/ICSI cycles, de-
pending on whether fresh or cryopreserved semen 
was used. We summarized the types of cancer in 
male patients and the number of cases in Table 1, 
while the baseline characteristics of analyzed IVF/
ICSI cycles are presented in Table 2. In the analyzed 
period, cryopreserved semen was used in 130 IVF/
ICSI cycles, and fresh semen, obtained on the day 
of oocytes aspiration, was used in 84 IVF/ICSI cy-
cles. Detailed results of these procedures are shown 
in Tables 3 and 4. Briefly, the cryopreserved semen 
and fresh semen groups were comparable for mean 
female’s age (31.7 ± 4.8 vs. 32.3 ± 4.3), mean number 
of oocytes retrieved per aspiration (9.8 ± 5.2 vs. 9.9 ± 
6.7), fertilization rate per retrieved cumulus-oocyte 
complexes (46.3% vs. 50.4%), and mean number of 
embryos obtained per cycle (4.3 ± 3.4 vs. 4.8 ± 3.8). 
There was a significant difference in some causes 
of female infertility. Briefly, significantly more 

women had an endocrinological cause of infertil-
ity, and a significantly higher number of couples 
did not have any female’s cause of infertility in 
the cryopreserved semen group (Table 2). In the 
fresh semen group, a significantly higher number 
of women had more than one cause of infertility. 
In the cryopreserved semen group, a statistically 
significant higher rate of cryopreserved embryos 
(17.3% vs. 12.7%; p = 0.048) and a higher embryo 
utilization rate (48.9 % vs. 40.0%; p = 0.006) were 
observed. Furthermore, ICSI was performed more 
often (93.8% vs. 84.5%; p = 0.025) in the cryopre-
served semen group. ICSI was performed only in 
cases of impaired semen quality, (oligo-, astheno-, 
or teratozoospermia, or a combination of these 
conditions). 

In terms of the clinical outcomes of IVF/ICSI cy-
cles, there were no differences in pregnancy rate 
per ET (35.8% vs. 26.9%), live birth rate per fresh 
ET (26.6% vs. 22.4%) and miscarriage rate per preg-
nancy (25.6% vs. 11.1%) between the cryopreserved 
and fresh semen groups. As presented in Table 4, 
the proportion of day 3 ETs was similar between 
the analyzed groups.  However, when we analyzed 
cumulative pregnancy rate per couple (fresh and 
frozen-thawed cycles together), the results showed 
that at least one pregnancy was achieved in 60.6% 

TABLE 3.  The outcome of the in vitro fertilization / intracytoplasmic sperm injection (IVF/ICSI) cycles in terms of oocytes and 
embryos according to the type of semen used. Statistically significant differences are marked with an asterisk (p value < 0.05) 

Cryopreserved 
semen Fresh semen p value

Rate of normally fertilized oocytes (per COC, IVF and ICSI together) 46.3% 50.4% 0.06

Rate of normally fertilized oocytes (per MII oocytes number) 55.6% 59.3% 0.16

Number and rate of immature oocytes (%) 225 (17.7%) 138 (16.6%) 0.54

Number and rate of degenerated oocytes (% per COC, IVF and ICSI 
together) 171 (13.4%) 91 (11.0%) 0.10

Number and rate of degenerated oocytes (% per MII oocytes number) 166 (17.0%) 88 (15.5%) 0.43

Number and rate of polyploidies (% per all COC retrieved) 13 (1.0%) 13 (1.6%) 0.27

Number and proportion of embryos (% per normally fertilized oocytes) 560 (95.1%) 403 (96.4%) 0.31

Mean number of embryos per cycle (mean number ± SD) 4.3 ± 3.4 4.8 ± 3.8 0.33

Number of embryos cultured until day 5/6 518 (92.5%) 382 (94.8%) 0.16

Number and rate of blastocysts (% per embryos cultured until day 5/6) 177 (34.2%) 112 (29.3%) 0.12

Number and rate of embryo utilization (transferred plus frozen embryos) 274 (48.9%) 161 (40.0%) 0.006*

Number of cycles with at least one blastocyst 74 (56.9%) 47 (56.0%) 0.89

Number and rate of cryopreserved embryos (% of all embryos) 97 (17.3%) 51 (12.7%) 0.048*

Number and proportion of cycles with embryo cryopreservation 39 (30.0%) 16 (19.0%) 0.07

Number and proportion of cycles with freezing/without ET 4 (3.1%) 2 (2.4%) 1

Number and proportion of cycles without freezing/without ET 17 (13.1%) 15 (17.9%) 0.34

COC = cumulus oocyte complex; ET = embryo transfer; MII = metaphase II
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of couples in the cryopreserved semen group, and 
in 37.7% of couples in the fresh semen group. The 
difference was statistically significant (p = 0.012). 
Despite this difference, the proportion of couples 
achieving at least one birth was similar on a cumu-
lative level, with 45.1% in the cryopreserved group 
and 34.0% in the fresh semen group (p = 0.21). 

There were 9 couples who underwent 33 cycles 
(16 cycles with cryopreserved semen and 17 cycles 
with fresh semen) and used both cryopreserved 
and fresh semen for the IVF/ICSI procedure. Four 
couples started the treatment with cryopreserved 
semen, five with fresh semen, and in 7 of these cou-
ples, the treatment led to live birth. One couple had 
two children, the first one conceived with cryopre-
served semen, and second one with fresh semen. 

The mean duration of cryopreservation of semen 
was 6.6 ± 4.4 years (minimum 1 year and maximum 
19 years), and the mean semen volume per sam-
ple prior to cryopreservation was 3.1 ± 1.5 ml. The 
mean sperm concentration was 31.2 ± 30.7 million/
ml, mean sperm motility 34.7 ± 10.3%, and the pro-
portion of morphologically normal spermatozoa 
was 16.3 ± 14.3%. The mean number of cryopre-
served straws per cryopreservation procedure was 
8.1 ± 3.8; however, some patients underwent more 
than just one cryopreservation procedure, and the 
mean number of cryopreserved straws per patient 
was 11.2 ± 5.6. Until now, 40.0% of these samples 

have been used for IVF/ICSI procedures, and 14.1% 
of patients included in this analysis have used all 
of their cryopreserved semen. After the thawing 
of the samples, and before using them for the IVF/
ICSI procedure, the mean sperm motility was 30.9 
± 19.9%, the proportion of morphologically normal 
spermatozoa was 20.1 ± 16.5%, and the mean sperm 
concentration was 18.8 ± 22.0 million/ml. This con-
centration is lower than in fresh samples, but this is 
to be expected because sperm samples are diluted 
in a 1:1 ratio with freezing solution before cryo-
preservation. In the group of patients where fresh 
semen was used, the mean sperm concentration 
was 34.7 ± 43.7 million/ml, mean sperm motility 
50.0 ± 23.2%, and the proportion of morphologi-
cally normal spermatozoa was 16.2 ± 13.4%. 

Discussion

In the present study, we performed a retrospective 
analysis of 214 IVF/ICSI procedures where fresh or 
cryopreserved semen of men, who were treated for 
cancer in the past, was used. We found that the suc-
cess of the IVF/ICSI procedures, in terms of preg-
nancies and live-births after fresh embryo transfer, 
was the same regardless of the type of semen used. 
However, embryo utilization and cryopreservation 
rates were significantly higher when cryopreserved 

TABLE 4. Clinical outcome of in vitro fertilization / intracytoplasmic sperm injection (IVF/ICSI) cycles according to the type of semen used. Statistically 
significant difference is marked with an asterisk (p value < 0.05)

Cryopreserved semen Fresh semen p values

Number of all ETs 109 67 0.45

Number of ETs on day 3 (% per all ETs) 27 (24.8%) 15 (22.4%) 0.72

Mean number of transferred embryos (± SD) 1.6 ± 0.5 1.6 ± 0.5 0.81

Number of pregnancies (% per ET) 39 (35.8%) 18 (26.9%) 0.22

Number of pregnancies (% per oocyte aspiration) 39 (30.0%) 18 (21.4%) 0.12

Live births (% per ET) 29 (26.6%) 15 (22.4%) 0.53

Live births (% per aspiration) 29 (22.3%) 15 (17.9%) 0.43

Miscarriages 10 (25.6%) 2 (11.1%)
(+1 x EU) 0.21

Gestational age (all births) 38.4 ± 2.6 36.0 ± 5.1 0.14

Gestational age for singletons 38.5 ± 2.7 36.6 ± 4.9 0.18

Birth weight of singletons (g) 3300 ± 589 2959 ± 672 0.12

Twins 2 (6.9%) 1 (6.7%) 1

Cumulative number and rate of couples with at least one pregnancy 43 (60.6%) 20 (37.7%) 0.012*

Cumulative number and rate of couples with at least one live birth 32 (45.1%)
(+4 ongoing pregnancies) 18 (34.0%) 0.21

EU = extrauterine pregnancy; ET = embryo transfer
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semen was used, which led to a significantly high-
er cumulative number of couples who achieved at 
least one pregnancy. Despite this, the difference in 
cumulative number of live-births was not statisti-
cally significant. One reason for this could be in the 
non-significant higher number of miscarriages in 
the cryopreserved semen group. 

Altogether, success rates of IVF/ICSI procedures 
in couples where men were treated for cancer in 
the past were comparable with success rates of 
IVF/ICSI procedures in the general population 
of infertile couples treated in our clinic, and also 
on a European level. Analyses of all IVF/ICSI cy-
cles (combined data for cryopreserved and fresh 
semen and for IVF and ICSI) have shown that 
pregnancy rate per oocyte aspiration was 26.6%, 
which is similar to the pregnancy rate of infertile 
patients treated in our center in the same time pe-
riod (2004–2018), 25.5% respectively, and the latest 
pregnancy rate reported for the general population 
in the European IVF Monitoring (EIM) data from 
2016.20 EIM collects data on the performance of IVF 
procedures in European Union Member States (htt-
ps://www.eshre.eu/Data-collection-and-research/
Consortia/EIM). According to EIM data, in 2016, 
the proportion of pregnancy rate per oocyte aspira-
tion was 28.0% for classical IVF and 25.0% for ICSI 
procedures.20

If we compare the remaining results (oocyte fer-
tilization, embryo development) with which we 
evaluate the success of IVF/ICSI procedures, with 
criteria that determine the recommended mini-
mum values21, we can see that not all of them reach 
these values. The desired proportion of fertilized 
oocytes according to these criteria is 65% for ICSI 
and 60% for classical IVF. In the present analysis, 
where we did not separate the data according to 
the type of IVF procedure used for oocyte fertiliza-
tion, the proportion of fertilized oocytes was 47.9%, 
and when only ICSI was analyzed this proportion 
was 57.0%. This proportion is similar to the one 
reported in one of the very rare studies similar to 
ours, where 49% of oocytes were fertilized with 
classical IVF and 51% with ICSI.22 A similar thing 
is seen with the desired minimum proportion of 
embryos that develop to blastocysts. In our study, 
32.1% of embryos cultured until day 5/6 developed 
to blastocysts, which is lower than the desirable 
40%. It is important to note, however, that the min-
imum criteria are determined on the basis of the 
general population of “healthy” couples attending 
IVF. In our study, however, semen obtained from 
male oncological patients was used, and such se-
men has been shown to be of poorer quality.23,24 

Therefore, the observed differences in our study 
are somewhat expected and most likely cannot be 
considered significant. In addition to the negative 
impact of the disease itself or oncological gonado-
toxic treatment on the basic criteria of semen qual-
ity (number, motility, morphology), the negative 
impact of the disease is also reflected in increased 
sperm DNA fragmentation.25,26 Meta-analyses have 
shown that increased sperm DNA fragmentation 
negatively affects IVF/ICSI outcomes even in the 
healthy male population.27,28 

Since a part of the IVF/ICSI procedures was 
performed with cryopreserved semen which was 
stored before oncological treatment, and a part of 
the procedures with fresh semen obtained on the 
day of oocyte aspiration, after oncological treat-
ment was completed, we checked whether there 
were any differences in the success rates of IVF pro-
cedures according to the type of semen used. The 
literature shows that the success of IVF/ICSI pro-
cedures in healthy men is the same regardless of 
the type of semen (fresh, cryopreserved) used.13,14 
However, relatively little data are available in men 
who have been treated for cancer. In part, the prob-
lem is that a relatively small proportion of men 
who cryopreserve semen before treatment also use 
it later. It is estimated that semen is used by 1.5% to 
16.3% of men.11,22,29-35 Studies by van Casteren et al.11 
and Botchan et al.30 showed that the proportion of 
births (per oocyte aspiration) after the use of cryo-
preserved semen in cancer patients was 24% and 
25%, respectively, which is similar to our results 
(22.3%). The study of van Casteren et al.11 states 
that in 20% of IVF/ICSI procedures no suitable em-
bryo was obtained for transfer. This is more than 
in our study, where in 15.0% of procedures (cryo-
preserved and fresh semen) there were no embryos 
suitable for transfer. There are also studies that re-
port higher (29% for IVF and 32% for ICSI)22 and 
much higher (50%)36 percentage of births per oo-
cyte aspiration. The reason for such a large differ-
ence with our results may be in the higher average 
number of embryos transferred per transfer. At our 
department, a maximum of two embryos are trans-
ferred to the uterus at the same time. In the study 
of Hourvitz et al.36, the average number of embryos 
transferred to the uterus was 3.0 ± 1.1, which is sig-
nificantly more than in our study (1.6 ± 0.5).

Interestingly, as mentioned above, our data 
have shown that in the group of couples where 
cryopreserved semen was used, embryo utiliza-
tion and cryopreservation rates were significantly 
higher compared to couples where fresh semen 
was used. This finding implies that semen qual-
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ity deteriorates after the oncological treatment. 
Data of currently published studies, however, are 
conflicting. Trottmann et al.37 stated that semen 
quality deteriorated drastically after oncological 
treatment. Weibring et al.38 reported similar ob-
servations, but further noted that semen quality 
improves 12 months after the end of treatment. Di 
Bisceglie et al.39 also found that semen quality starts 
to improve 18 months after the end of treatment. In 
addition, there is evidence of an improvement of 
sperm DNA fragmentation after the end of some 
oncological treatments.40 Despite these data, it is 
highly recommended that semen is cryopreserved 
in all oncological patients before treatment, even in 
those undergoing low-risk gonadotoxic treatment. 
This way, semen of better quality can be chosen to 
perform IVF/ICSI, if needed. 

In the present study, a significantly higher num-
ber of women in the cryopreserved semen group 
did not have any cause of infertility, and IVF was 
only needed due to the male factor. One would 
assume that this is the cause of the significantly 
higher embryo cryopreservation rates in the cryo-
preserved semen. However, analysis of 121,744 
women undergoing their first IVF/ICSI cycles has 
shown that IVF/ICSI success rates are most signifi-
cantly affected by female’s age and not by female’s 
cause of infertility.41 No significant difference in 
women’s age was found in the present study. 

As this is a retrospective study, there are some 
limitations in our data. We included cycles from a 
long time period, and some changes in our work 
have been introduced into clinical practice since 
then. For instance, in 2004, long GnRH agonist 
protocol was mostly used for controlled ovarian 
hyperstimulation, and it has been mostly replaced 
with short GnRH antagonist protocol since 2010. 
There have also been some changes in embryo cul-
ture approach, and embryos have been cultured 
in lower oxygen concentration (5%) since 2008. 
Prior to 2008, they were cultured in an atmospher-
ic concentration of oxygen (21%). Additionally, 
there have been a few changes of manufacturers 
and types of embryo culture media. Despite these 
limitations, this shouldn’t impair the conclusions 
drawn from our results, as the described changes 
were applied for all couples (cryopreserved and 
fresh semen groups).

Conclusions

Semen cryopreservation before the start of oncolog-
ical treatment is a widely accepted and successful 

method to maintain the fertility of men with can-
cer, as oncological treatment can negatively affect 
spermatogenesis. The results of our retrospective 
study show that the results of IVF/ICSI procedures 
in terms of pregnancies and live-birth rates after 
fresh embryo transfer are comparable regardless 
of whether we use fresh or cryopreserved semen 
from male cancer patients. Additionally, while the 
embryo utilization and embryo cryopreservation 
rates are higher if cryopreserved semen is used, this 
leads to a higher cumulative pregnancy rate and 
possibly to a higher cumulative birth rate. Overall 
results also show that the success rates of IVF/ICSI 
procedures where fresh or cryopreserved semen of 
male cancer patients was used are comparable with 
the results of IVF/ICSI procedures in the general 
population of infertile couples at European level, 
as well as with the population of couples treated at 
our clinic in the same time period. 
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Background. The aim of the study was to dosimetrically compare multicatheter interstitial brachytherapy (MIBT) and 
stereotactic radiotherapy with CyberKnife (CK) for accelerated partial breast irradiation (APBI) especially concerning 
the dose of organs at risk (OAR-s).
Patients and methods. Treatment plans of thirty-two MIBT and CK patients were compared. The OAR-s included 
ipsilateral non-target and contralateral breast, ipsilateral and contralateral lung, skin, ribs, and heart for left-sided 
cases. The fractionation was identical (4 x 6.25 Gy) in both treatment groups. The relative volumes (e.g. V100, V90) 
receiving a given relative dose (100%, 90%), and the relative doses (e.g. D0.1cm3, D1cm3) delivered to the most ex-
posed small volumes (0.1 cm3, 1 cm3) were calculated from dose-volume histograms. All dose values were related to 
the prescribed dose (25 Gy).
Results. Regarding non-target breast CK performed slightly better than MIBT (V100: 0.7% vs. 1.6%, V50: 10.5% vs. 
12.9%). The mean dose of the ipsilateral lung was the same for both techniques (4.9%), but doses irradiated to vol-
ume of 1 cm3 were lower with MIBT (36.1% vs. 45.4%). Protection of skin and rib was better with MIBT. There were no 
significant differences between the dose-volume parameters of the heart, but with MIBT, slightly larger volumes were 
irradiated by 5% dose (V5: 29.9% vs. 21.2%). Contralateral breast and lung received a somewhat higher dose with MIBT 
(D1cm3: 2.6% vs. 1.8% and 3.6% vs. 2.5%).
Conclusions. The target volume can be properly irradiated by both techniques with similar dose distributions and 
high dose conformity. Regarding the dose to the non-target breast, heart, and contralateral organs the CK was supe-
rior, but the nearby organs (skin, ribs, ipsilateral lung) received less dose with MIBT. The observed dosimetric differences 
were small but significant in a few parameters at the examined patient number. More studies are needed to explore 
whether these dosimetric findings have clinical significance.

Key words: multicatheter interstitial brachytherapy; CyberKnife; APBI; dosimetric comparison
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Introduction

Breast radiotherapy after breast-conserving sur-
gery reduces the risk of breast cancer recurrence 
by half and related mortality by one-sixth in early-
stage breast cancer patients.1 Today, the acceler-
ated partial breast irradiation (APBI) for treating 
early-stage breast cancer has been a widely accept-
ed technique among radiation oncologists.2 APBI 
can be used because most of the local recurrences 
develop near the tumour bed requiring irradiation 
of the surroundings of the removed tumour, only.2 
During APBI, a smaller volume needs to be irradi-
ated compared to whole breast irradiation (WBI), 
so patients can tolerate an accelerated regimen of 
irradiation with higher fraction doses. In the case 
of APBI, the total treatment time is only 4−5 days 
instead of the few weeks of conventional WBI, and 
therefore, APBI is a preferred treatment option by 
patients. Because of the smaller irradiated volume, 
there are decreased doses to healthy tissues com-
pared to WBI, which is another advantage of the 
APBI, and this is an important issue among long 
time survivors of breast cancer.3,4 In planning stud-
ies, and also in phantom measurements, it was ver-
ified that with smaller target volume the adjacent 
organs received less dose.5,6 

There are numerous techniques available for 
APBI.7 The first one was the multicatheter inter-
stitial brachytherapy (MIBT), having the longest 
patient follow-up with excellent clinical results.8-15 
Furthermore, recommendations for patient selec-
tion16, target volume definition17,18 have been pub-
lished, and practical guidelines are also available 
for MIBT19,20 ensuring appropriate quality assur-
ance for this technique. Brachytherapy (BT) also 
performs well when it is used for boost irradiation 
following WBI.21,22 Other BT modalities have also 
been introduced, such as single/multichannel bal-
loon therapy, non-invasive BT, and seed implanta-
tion. The external beam radiotherapy (EBRT) meth-
ods include 3D conformal radiotherapy (3D-CRT), 
intensity modulated radiotherapy (IMRT), volume 
modulated arc therapy (VMAT), CyberKnife thera-
py (CK), proton therapy and intraoperative meth-
ods with electrons or 50 kV photons.23

Dosimetric studies for APBI with CK are rare 
in the literature, and mainly focus on compari-
sons between different external beam techniques. 
CK dosimetry has been compared to 3D-CRT24-31, 
IMRT25,29,31, VMAT28,29, and tomotherapy.27 A dosi-
metric assessment of conformal and several differ-
ent IMRT techniques for APBI is also available in the 
literature.32 Treatment plans of MIBT were also as-

sessed against 3D-CRT33, IMRT34 and VMAT.35 Three 
years ago, a CK was installed at our institution, and 
very soon we started using it for APBI. Since we had 
lots of experience in interstitial BT we were interest-
ed in seeing how much the CK can imitate the BT, 
and whether it can be an alternative to BT. 

Having surveyed the literature on APBI, we 
observed that the target volume can be irradiated 
properly with any technique, but differences exist 
in dosimetric issues of the organs at risk (OAR-s). 
In another study we compared plans of patients 
treated by CK with virtual MIBT plans based on 
CT images and contours of CK plans.36

The goal of this study was to dosimetrically 
compare the multicatheter interstitial brachythera-
py and stereotactic irradiation with CyberKnife for 
APBI using separate patient cohorts with a special 
focus on dose to OAR-s. We believe that our results 
provide radiation oncologists and physicists with 
information on dosimetric advantages and dis-
advantages of these two image guided treatment 
techniques.

Patients and methods

Treatment plans of thirty-two MIBT patients and 
thirty-two CK patients consecutively treated at our 
institute between June 2017 and May 2020 were 
selected for a dosimetric comparison. Mostly, all 
patients were candidate for both techniques, and 
the treatment option was primarily chosen by the 
patient. All the patients were treated according to 
our institutional protocol, and in this dosimetric 
study we retrospectively collected and evaluated 
the treatment planning data, so no ethical approval 
was needed.

Multicatheter interstitial brachytherapy

The patients were treated with a high-dose-
rate afterloader (microSelectron V3, Elekta, 
Brachytherapy, Veenendaal, The Netherlands) with 
Ir-192 stepping source. For patient selection and 
target volume definitions the GEC-ESTRO guide-
lines were followed.16,18 The number of implanted 
catheters ranged between 7 and 28, with a mean of 
14. The catheters were placed into the breast with a 
template in a triangle pattern with 1.3 cm catheter 
separation, and the source step size was 2.5 mm. 
The positions of the catheters were planned with 
image guidance using pre-implant CT imaging.37 
The patients were treated according to plans made 
with an inverse planning method (Hybrid Planning 
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Optimization, HIPO). For treatment planning the 
Oncentra Brachy v4.3 planning system (Elekta, 
Brachytherapy, Veenendaal, The Netherlands) was 
used. The calculation algorithm was based on the 
TG-43 formalism.38 After the catheter implantation, 
CT scans with a 3 mm slice distance were acquired. 
First, the lumpectomy cavity was outlined with the 
help of surgical clips placed into the cavity wall 
during the lumpectomy. To get the clinical target 
volume (CTV), a safety margin was added to the 
cavity according to the surgical tumour-free margin 
in all six main directions. The surgical and radiation 
margin together was always 20 mm.18 The CTV was 
limited to skin, thoracic wall, and pectoral muscles. 
No additional margin was added to the CTV to cre-
ate the planning target volume (PTV), so the PTV 
was always equal to the CTV. The outlined OAR-s 
were as follows: the ipsilateral and contralateral 
lungs and breasts, heart, skin, and ribs. The skin 
was defined as a 5 mm layer below the skin surface. 
The non-target ipsilateral breast was created from 
the ipsilateral breast and the PTV with a subtrac-
tion. After contouring all structures, the catheter 
reconstruction was carried out, and the dwell time 
optimization was performed. The source positions 
were activated within the PTV, and for selection an 
isodose line for prescription the aim was to achieve 
at least 90% target coverage by the prescribed dose 
(PD) while keeping the dose distribution relatively 
homogenous. A higher isodose line was selected if 
a proper dose homogeneity was maintained. Dose-
nonuniformity ratio (DNR) was used to measure 
the dose homogeneity. DNR is the ratio of volumes 
irradiated by 1.5 times of PD and PD (V1.5xPD/VPD). 
The required value for DNR was less or equal to 
0.35. When coverage and homogeneity constraints 
could not be fulfilled at the same time, the target 
coverage was prioritized. For the OAR-s no dose-
volume constraints were used, the parameters were 
only recorded. The PD was 25 Gy with a fractiona-
tion of 4 x 6.25 Gy, which is an accepted fractiona-
tion regime in the GEC-ESTRO VAPBI study.39 The 
treatment time of one fraction ranged between 5 
and 15 minutes according to the volume of the PTV 
and the source strength.

CyberKnife treatments

The patients were treated with a CyberKnife M6 
stereotactic system (Accuray, Sunnyvale, CA, USA) 
using InCise 2TM multileaf collimators (MLC-s) with 
step-and-shoot IMRT technique.40 The patient selec-
tion was the same as for MIBT. The mean monitor 
unit number was 2498.8 (range, 1578.7−4142.2), and 

the median segment number was 57 (range, 39−75). 
One week before the planning CT, four gold mark-
ers were implanted around the lumpectomy cavity 
with ultrasound guidance by an experienced inter-
ventional radiologist. The gold markers were used 
for real-time tracking during irradiation (Synchrony 
Respiration Tracking). Although surgical titanium 
clips were placed into the cavity wall during the 
lumpectomy, they do not provide enough contrast 
on X-ray images, and therefore they cannot be relia-
bly tracked. That is why we used gold markers. The 
CT slice thickness for treatment planning was 1.25 
mm, and the images were acquired in exhalation 
breath-hold. The CT scans included both breasts 
and both sides of the lung. Metal artifact reduction 
CT scans were obtained to decrease the scattering 
effect of gold markers. The contouring protocol for 
CK was the same as for MIBT. However, to gener-
ate the PTV, a 2 mm margin was added to the CTV 
in each direction. With frequent intra-fraction im-
aging and correction by the robotic arm, the 2 mm 
margin seems to be enough to account for the non-
rigid components of composite errors.41 For evalu-
ation purpose, PTV_EVAL was created from PTV 
with the subtraction of the 5 mm skin layer. The 
prescribed dose was 25 Gy with fractionation of 4 x 
6.25 Gy, exactly the same as in MIBT.

For planning, the Precision 1.1.1.1 (Accuray, 
Sunnyvale, CA, USA) software was used with a 
finite size pencil beam (FSPB) dose calculation al-
gorithm for optimization and Monte Carlo algo-
rithm with 0.5% uncertainty for plan evaluation. 
Regarding beam orientations, the contralateral 
breast and lung were allowed with “exit only” di-
rection for optimization. Sequential optimization 
method was applied with the parameters of maxi-
mum 400 MU/segments, 650 MU/node, and for 
beam shaping all three types of segments (eroded, 
perimeter, random shape) were used with a 2.5 
mm leaf margin. The aim was to achieve at least 
99.5% of V95 for PTV_EVAL and keep the maxi-
mum point dose under 120% of the PD. Regarding 
doses to OAR-s no constraints were used, only the 
orientation of the beams was optimized. Time re-
duction was used to reach the optimal treatment 
time without compromising the optimal dose dis-
tribution. The mean estimated treatment time was 
33.3 min (range, 27−40 min).

Dosimetric evaluation and statistical 
analysis

The treatment plan evaluation was performed us-
ing dose-volume histograms (DVH-s) (Figure 1). 
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All treatment plans and patient’s data were an-
onymized for the dosimetric comparison. Quality 
parameters were derived as relative (e.g. V100, 
V90) or absolute volumes (e.g. V100 (cm3), V50 
(cm3)) receiving a percentage of the PD. Relative 

doses in percentage of the PD to relative volumes 
(e.g. D5, D50) and to small absolute volumes (e.g. 
D0.1cm3, D1cm3) were calculated, too. The con-
formity of dose distribution was characterized by 
COIN.42 Most of these parameters are published in 
dosimetric studies what makes the intercompari-
son possible. Descriptive statistics were calculated 
to describe the treatment plans. Shapiro-Wilk W 
test was used on the distribution of dose-volume 
parameters to test normality. Since almost none of 
the parameters followed Gaussian distribution, the 
Mann-Whitney U test was used for every compari-
son with the Statistica 10.0 software (StatSoft, Inc., 
Tulsa, OK, USA) and p < 0.05 was considered statis-
tically significant.

Results

Thirteen MIBT patients (41%) had right-sided and 
nineteen (59%) left-sided tumours, and seventeen 
CK patients (53%) had right-sided and fifteen 
(47%) left-sided lesions. The distribution of tumour 
localization is shown in Table 1.

The mean volume of the ipsilateral breast was 
825.7 cm3 (range, 386.9−2097.5 cm3) and 984.4 cm3 
(range, 372.7−2437.1 cm3) for the MIBT and CK pa-
tients, respectively (p = 0.4400). The mean volume 
of the PTV was 58.2 cm3 (range, 26.6−173.6 cm3) for 

FIGURE 1. Representative dose-volume histograms (DVH-s) for multicatheter interstitial brachytherapy (MIBT) (solid line) and CyberKnife (CK) treatment 
(dashed line) for accelerated partial breast irradiation. The prescribed dose was 25 Gy. The target volume is indicated with red, the non-target breast 
with yellow, the ipsilateral lung with blue and the heart with orange. The solid red line clearly shows that with MIBT volumes irradiated by high doses (> 
25 Gy) develop within the target volume.

TABLE 1. Tumour localization according to breast quadrants in patients treated by 
multicatheter interstitial brachytherapy (MIBT) and CyberKnife (CK) 

Method of 
treatment   Laterality Upper 

outer
Lower 
outer

Upper 
inner

Lower 
inner Central

MIBT
right 3 1 3 2 4

left 3 3 4 1 8

CK
right 6 6 2 1 2

left 2 4 1 3 5

TABLE 2. Absolute volumes of the body irradiated by 100%, 50% and 20% of the 
prescribed dose for multicatheter interstitial brachytherapy (MIBT) and CyberKnife 
(CK) treatments

Body MIBT CK p-value*

V100 (cm3) 66.4 (28.9−193.8) 77.1 (18.3−141.5) 0.0356

V50 (cm3) 159.0 (73.4−444.2) 189.3 (58.6−397.6) 0.0184

V20 (cm3) 470.7 (253.4−1078.1) 609.1 (326.7−1160.8) 0.0013

*Mann-Whitney U test
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MIBT patients and 71.7 cm3 (range, 17.1−129.1 cm3) 
for CK patients, which was significantly higher (p 
= 0.0101). The mean volume of the CTV was 51.9 
cm3 (range, 10.2−96.4 cm3) for CK, which did not 
differ significantly from the volume of the CTV for 
MIBT (58.2 cm3, p = 0.8456). For MIBT the V100 for 
PTV was 91.4% (range, 83.1−96.4%) meanwhile the 
DNR was 0.35 (range, 0.24−0.44). For PTV_EVAL of 
CK patients, the V100 and V95 were 97.5% (range, 
95.2−99.3%) and 99.7% (range, 97.7−100%), respec-
tively, and the mean of the maximum doses was 
116.5% (range, 113.6−125%). Because of the smaller 
target volumes, the V100, V50, and the V20 abso-
lute volume parameters calculated for the whole 
body were significantly smaller for MIBT than for 
CK as it is presented in Table 2.

But, by relating these mean volumes to mean 
PTV volumes, it can be observed that the CK irra-
diated relatively less normal tissues, especially at 
higher dose levels. For MIBT and CK, the ratio of 
V100BODY/VPTV is 1.14 vs. 1.08, and for V50BODY/VPTV 
it is 2.73 vs. 2.64. Only the V20BODY/VPTV is smaller 
for MIBT (8.09 vs. 8.5).

The conformity of the dose distributions was 
very high for both techniques (Figure 2), and the 
dosimetric parameters for ipsilateral breast were 
very similar (Table 3). Only the PD irradiated sig-
nificantly less volume of the non-target breast at 
CK (0.7% vs. 1.6%, p < 0.0001). For lower dose val-
ues, the CK resulted in slightly smaller volumes, 
but without statistical significance. Large conform-
ity indices (COIN-s) demonstrate the high dose 
conformity for both techniques. The COIN was 
0.74 for MIBT and 0.88 for CK patients (p < 0.001).

The mean dose of the ipsilateral lung was exact-
ly the same (4.9%) for both techniques (Table 4). All 
other parameters were smaller for MIBT, and the 
doses to the most exposed low volumes (0.1 cm3, 1 
cm3) were significantly less.

Heart dosimetry was examined only for left-sid-
ed cases. The results are shown in Table 5. For each 
parameter, larger values were obtained with MIBT, 
but none of the differences was significant.

The protection of skin and ribs was better with 
MIBT. The differences were significant for all pa-
rameters, as shown in Table 6. The maximal dose 
to the ribs never exceeded the PD in MIBT cases 
(V100(cm3) = 0). The mean value for V100(cm3) in 
CK patients was small, only 0.2 cm3, and the maxi-
mal dose exceeded the PD in 11 cases.

For contralateral breast and lung, volumet-
ric dose parameters were very low for both tech-
niques, but CK resulted in significantly lower val-
ues in each parameter, as it is shown in Table 7.

A B

FIGURE 2. Representative dose distribution for multicatheter interstitial brachytherapy 
(MIBT) (A) and CyberKnife (CK) treatment (B). PTV: red, ipsilateral breast: yellow, 
contralateral breast: pink, ribs: green, heart: orange, ipsilateral lung: dark blue, 
contralateral lung: light blue.

TABLE 3. Dosimetry of ipsilateral breast for multicatheter interstitial brachytherapy 
(MIBT) and CyberKnife (CK) treatments. The values are given in percentages

MIBT CK p-value*

Whole breast

     V100 9.7 (2.2−29.7) 9.6 (0.9−20.4) 0.9381

     V50 23.2 (5.1−68.0) 23.3 (2.7−47.1) 0.9822

Non-target breast

     V100 1.6 (0.4−4.2) 0.7 (0.0−2.0) < 0.0001

     V90 2.8 (0.6−8.1) 2.3 (0.0−4.4) 0.7019

     V50 12.9 (3.1−35.4) 10.5 (1.7−18.9) 0.5501

     V25 31.8 (9.4−68.4) 29.9 (7.6−55.2) 0.8772

*Mann-Whitney U test

TABLE 4. Dosimetry of ipsilateral lung for multicatheter interstitial brachytherapy 
(MIBT) and CyberKnife (CK) treatments. The values are given in percentages

Ipsilateral lung MIBT CK p-value*

Mean lung dose 4.9 (1.9−11.1) 4.9 (1.6−11.8) 0.9946

D0.1cm3 41.0 (10.1−61.5) 52.2 (15.6−90.5) 0.0068

D1cm3 36.1 (8.7−55.8) 45.4 (14.4−84.5) 0.0162

D2cm3 33.6 (8−52.5) 42.2 (13.7−80.5) 0.0198

D2 21.2 (7.4−32.9) 24 (8.8−46.4) 0.2454

V5 30.6 (5.1−50.0) 30.7 (5.8−63.2) 0.9357

*Mann-Whitney U test

Discussion

As a result of the technological development dur-
ing the last decade, a number of new techniques 
have been introduced for APBI, and the question 
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patients previously treated with 3D-CRT, addi-
tional CK plans were created and compared with 
3D-CRT and IMRT plans. Since in CK plans very 
homogenous dose distributions were created, the 
mean V100 parameter was 95.7%, which is lower 
than the value in our study (97.5%). The maximum 
dose in PTV was kept on 104% which is much 
lower than presented in this study (116.5%). The 
mean V100 and V50 parameters of the uninvolved 
normal breast were 9% and 23.1%, which are much 
higher than our values (0.7% and 10.5%). Probably, 
because of the relatively homogenous dose distri-
bution, the dose gradient was not steep enough to 
achieve very low V100 parameters for the breast. 
Another explanation for our better dose conform-
ity can be the use of MLC-s with step-and-shoot 
IMRT technique. For the median V5 parameter of 
ipsilateral lung, their analysis resulted in 31.4%, 
which is very similar to our 30.7%. In another retro-
spective study, Obayomi et al.52 analyzed the dosi-
metric results of 10 CK treated patients. The mean 
PTV volume was 70 cm3, very similar to ours (71.7 
cm3). The fractionation was 5 x 6 Gy (30 Gy), and 
the authors reported the maximum doses of skin 
and ribs as 32 Gy (107% of PD) and 26 Gy (87% 
of PD), consecutively. In our assessment, for skin 
and ribs, the D0.1cm3 value was 88.8% and 78.9%. 
In the paper of Lozza et al.53, mainly the clinical re-
sults from 20 CK treated patients were reported. 
Among 20 patients, the mean volume of PTV was 
88.1 cm3, and the V5 value of heart for left-sided 
cases was 14.0%, which is lower than in our study 
(21.2%). For skin, they examined the Dmax param-
eter, which was 98.2% of the PD. In our study, the 
D0.1cm3 was 88.8%. In a recent paper, Lee et al.54 
published their first experience in Korea of partial 
breast irradiation with CK. In their study, on av-
erage, 35.5% of ipsilateral breast volume received 
50% of the PD, while in our case, only 23.3%. The 
mean volume of PTV was similar (73.6 cm3 vs. 71.7 
cm3), although they did not use any CTV-PTV mar-
gin.  But, the ipsilateral breast volume of their pa-
tients was less than half compared to ours (481.1 
cm3 vs. 984.4 cm3). Despite the fact, that Korean 
women have smaller breast the authors consider 
the CK technique as a feasible method for APBI. 
They found that the mean maximal skin dose was 
89%, while in our case, the D0.1cm3 was 89%. The 
mean dose to heart for left-sided lesions was also 
similar (2.3% vs. 3.3%).

APBI treatment with CyberKnife is feasible and 
compared to other external beam techniques the 
CK plans produce better dosimetric parameters re-
garding the OAR-s. Xu et al.25 found CK plans more 

now arises whether which technique is the most 
advantageous for the patients. Based on large tri-
als, at selected patients, the non-inferiority of 
APBI against WBI was confirmed, but between the 
various APBI techniques, only minor differences 
exist.11 Dosimetric analysis can explore these dif-
ferences providing some guidance for clinicians 
in selecting the appropriate method for a patient. 
Papers have been published on dosimetric com-
parisons between different APBI techniques24,43-46; 
and a few papers are available about the compari-
son of CyberKnife and other external beam tech-
niques.26-29 However, to our knowledge, this analy-
sis is the first one which compares the dosimetric 
differences between the multicatheter interstitial 
brachytherapy and CyberKnife treatments for par-
tial breast irradiation using clinical plans.

A couple of studies have investigated the fea-
sibility of APBI with CK. The treatment charac-
teristics with the dosimetric data from the litera-
ture are shown in Table 8. In most of the studies, 
cones or the Iris applicator were used, and the 
most frequent fractionation scheme was 5 x 6 Gy, 
but clinical results of dose escalation up to 5 x 8 Gy 
are also available now.47 In the studies, the CTV-
PTV margin ranged between 0 and 5 mm. With 
the introduction of the MLC, the treatment time 
remarkably decreased, compared to using cones 
or the Iris applicator. It is difficult to make quan-
titative dosimetric comparisons between studies 
because the reported parameters are too diverse. 
The first report on using stereotactic radiotherapy 
for breast tumours was published in 2009.48 The 
study showed the feasibility of irradiation with 
CK, but dosimetric details were not reported. The 
earliest study with dosimetry was performed by 
Vermeulen et al.49, and based on their results, the 
authors recommend the CK as a suitable treatment 
method for APBI.

They compared their dosimetric data with the 
constraints of 3D-CRT used in the NSABP-39/
RTOG 0413 protocol.50 On average, 11% of the ipsi-
lateral breast received the PD (V100), and 23% (for 
two patients) and 26% (for seven patients) were ir-
radiated by the half of the PD (V50). These values 
are well below the constraints of the NSABP-39/
RTOG 0413 protocol and are in good agreement 
with our CK results (V100 = 9.6%, V50 = 23.3%). We 
note that for MIBT patients, we obtained practi-
cally the same values (V100 = 9.7%, V50 = 23.2%). 
In 2014, the same group published dosimetric data 
of twenty-one patients, but those basically did not 
differ from the previous ones.51 In a retrospective 
planning study published by Xu et al.25 for fourteen 
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conformal and observed better dose sparing of 
the critical structure except for the extremely low 
dose region (for example, V1 for ipsilateral lung) 
compared to IMRT and 3D-CRT. In a quantitative 
analysis with ten patients, Lee at al.29 compared CK 
with 3D-CRT, IMRT and VMAT for APBI. They 
only examined patients with left-sided lesions and 
had a very similar conclusion about conformity of 
dose distribution as Xu et al. 25.25 Rault et al.27 exam-
ined the dosimetric effect of respiratory tracking at 
CK treatments against Tomotherapy and 3D-CRT. 
The authors stated that the non-coplanarity of the 
CK resulted in significantly less dose to the nor-
mal tissue of ipsilateral breast, in case of the 2 mm 
CTV-PTV margin. A very profound analysis was 
performed by Goggin et al.26 in comparing different 
CK treatment plans (Iris, MLC) with 3D-CRT ones. 
Based on the analysis of nine patients, they found 
that CK-MLC technique resulted in lower dose to 
the ipsilateral lung than CK-Iris and comparable 
treatment time with 3D-CRT. In an examination 
with ten patients, Bonfantini et al.28 compared CK 
with 3D-CRT and VMAT. Based on their analysis, 
3D-CRT gives a reduction of the dose to OAR-s ex-
cept for ipsilateral breast. 

Major et al.34 reported results of MIBT against 
co-planar IMRT. They found that MIBT generally 
spares normal tissues and organs at risk (except for 
heart) better than IMRT. They found significant dif-
ferences in non-target breast dosimetry parameters 
in favour of MIBT. Inverse planning can improve 
the plan quality of breast implants, better homo-
geneity and a few percent less dose to OAR-s can 
be achieved at identical target coverage.55,56 In this 
way we made a comparison between the treatment 
plans of the most advanced inverse optimized BT 
and a high-tech stereotactic EBRT technique.

In a recent publication our group reported a 
comparative dosimetry between CK and MIBT, but 
in that work ideal implant geometry was assumed 
in the hypothetical BT plans.36 Therefore, the 
strength of the conclusion is weaker than in case of 
comparison between real clinical plans. Anyway, 
the findings regarding the dose to OAR-s are very 
similar to the ones observed in current study.

Comparing the dose distributions between 
MIBT and EBRT techniques, the CK seems most 
similar to the MIBT regarding the shapes of the 
isodose lines between 50−100% of PD. The explana-
tion can be the use of lots of non-isocentric beams 
entering from different directions, not limited from 
one plane, which results in more focused 3D dose 
delivery to the PTV. This is presented in Figure 2, 
where the isodose lines between 50−100% of PD 

TABLE 5. Dosimetry of heart for multicatheter interstitial brachytherapy (MIBT) and 
CyberKnife (CK) treatments. The values are given in percentages

Heart MIBT CK p-value*

Mean heart dose 4.1 (1.0−7.7) 3.3 (1.3−6.9) 0.1706

D0.1cm3 21.4 (4.0−47.2) 18.9 (8.4−43.2) 0.2822

D1cm3 18.2 (3.2−42.3) 16.6 (7.3−40.3) 0.4878

D2cm3 17 (3.0−40.0) 15.6 (6.8−38.3) 0.5324

D2 13.3 (4.3−26.4) 12.5 (5.2−31.5) 0.5098

V5 29.9 (0.0−62.5) 21.2 (6.1−41.0) 0.1653

*Mann-Whitney U test

TABLE 6. Dosimetry of skin and ribs for multicatheter interstitial brachytherapy (MIBT) 
and CyberKnife (CK) treatments. The values are given in percentages except for 
V100 and V50

Skin MIBT CK p-value*

D0.1cm3 75.3 (18.0−164.2) 88.8 (27.6−112.4) 0.0080

D0.2cm3 70.3 (17.4−140.7) 86.8 (21.1−111.1) 0.0053

D1cm3 58.4 (15.0−97.1) 79 (22.8−106.0) 0.0007

Ribs

D0.1cm3 53.7 (8.1−92.7) 78.9 (17.6−108.4) 0.0003

D1cm3 43.1 (5.3−76.4) 69.1 (16.4−105) 0.0004

V100 (cm3) 0 (0−0) 0.2 (0.0−3.0) 0.0101

V50 (cm3) 2 (0.0−16.4) 4.2 (0.0−13.4) 0.0105

*Mann-Whitney U test

TABLE 7. Dosimetry of contralateral breast and lung for multicatheter interstitial 
brachytherapy (MIBT) and CyberKnife (CK) treatments. The values are given in 
percentages

Contralateral 
breast MIBT CK p-value*

D0.1cm3 4 (0.0−9.8) 2.1 (0.3−11.2) 0.0039

D1cm3 2.6 (0.0−6.4) 1.8 (0.3−9.9) 0.0378

Contralateral lung

D0.1cm3 5.5 (0.0−11.7) 3 (1.0−5.6) 0.0000

D1cm3 3.6 (0.0−8.3) 2.5 (0.6−4.8) 0.0228

*Mann-Whitney U test

following the shape of the PTV are very similar 
for both techniques. But, differences exist because 
volumes irradiated by high doses always develop 
in BT, which is shown in Figure 2 by the 150 and 
200% isodose lines. However, the low isodoses 
around BT implant become nearly circular, while 
in CK case, they are irregular due to the multiple 
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non-coplanar beam entries. The absolute volumes 
encompassed by 100%, 50%, and 20% isodose sur-
faces are 16%, 19%, and 29% larger at CK compared 
to MIBT (Table 2). The volume of the ipsilateral 
breast was slightly larger in the CK group (984.4 
cm3 vs. 825.7 cm3), but the PTV was also bigger (71.7 
cm3 vs. 58.2 cm3), and this explains why the rela-
tive volumes of ipsilateral breast irradiated by the 
100% and 50% dose for the two techniques were 
nearly identical (Table 3). There was no difference 
between the mean lung doses and the volumes ir-
radiated by low dose (V5) for the two techniques 
(Table 4). However, the other examined dose pa-
rameters were significantly smaller with MIBT 
(D0.1cm3: 41.0% vs. 52.2%, D1cm3: 36.1% vs. 45.4%). 
The heart was better protected with CK, since all 
dosimetric parameters were smaller, but without 
statistical significance (Table 5). This observation 
is similar to the findings of Major et al.34 when 
MIBT was compared to IMRT. In our CK group, 
almost half of the tumours located in one of the 

upper quadrants, and in these cases, the heart pro-
tection was better maintained because the beams 
could avoid the heart directly. In most cases, the 
skin and ribs are close to the PTV, sometimes they 
are contacting, and that is why the MIBT performs 
better for these two organs. In close proximity to 
the implant, due to inverse square law, the dose 
gradient is high resulting in proper protection of 
adjoining organs. In our study, all dose param-
eters for skin and ribs were significantly lower for 
MIBT than for CK (Table 6). We note that the TG-
43 formalism overestimates the skin dose because 
it assumes a full scattering condition, which is not 
fulfilled at all in breast BT.34,57 From this follows 
that the real differences are even higher in favour 
of MIBT. The contralateral breast and lung receive 
low doses at both techniques, but the values were 
smaller with CK (Table 7). These organs are usually 
far from the PTV, and therefore in MIBT there is no 
way to lessen the dose without compromising the 
target coverage. In contrast, with proper selection 

TABLE 8. Treatment characteristics and mean dosimetric parameters in publications for accelerated partial breast irradiation (APBI) with CyberKnife

Publication Xu  
201225

Vermeulen 
201451

Goggin 
201526

Rault 
201627

Obayomi 
201652

Lozza 
201853

Bonfantini 
201828

Lee  
201829

Lee  
202054

Fröhlich 
202036

Current 
study

Patient number 14 21 9 10 10 20 10 10 103 25 32

Applicator Cones - Iris, MLC Iris - Iris Iris Cones - MLC MLC

Beam number - 151 - , - - 155 180 122 - - - 40 (57)@

Fractionation 10 x 3.85 Gy 10 x 3.4 Gy 5 x 6 Gy 10 x 4 Gy 5 x 6 Gy 5 x 
6 Gy 5 x 6 Gy 5 x 6 Gy 5 x 6 Gy 4 x 6.25 Gy 4 x 6.25 Gy

Treatment Time (min) - 46 28, 14.7 40 - 60 60 60 33# - 33.3

CTV-PTV margin (mm) 2 2 2 3 5 5 5 2 0 2 2

Mean PTV volume (cm3) - 114 - - 70 88.1 121.6 37.7 73.6 71.6 71.7

Ipsilateral breast
    V100 (%)
    V50 (%)

7#

22.4#
12
26

12.5, 12.2
25.8, 24.2

-
-

14
31

28.7
75

-
-

10
24

-
35.5#

-
-

9.6
23.3

Ipsilateral non-target breast
    V100 (%)
    V50 (%)

9
23.1

-
-

-
-

-
17.6

-
-

-
-

1.7
16.3

-
-

-
- 10.5

0.7
10.5

Ipsilateral lung
    V30 (%)
    V5 (%)
    mean dose (%)
    D0.1cm3

    D1cm3

1.3
31.4#

-
-
-

3
-
-
-
-

1.9, 1.6
39.4, 17.9

-
-
-

-
-
-
-
-

3
-
-
-
-

2.3
-
-
-
-

2.1
-
6
-
-

3
-
-
-
-

2.2#

-
-
-
-

-
-
-

57.5
45

1.0
30.7
4.9

52.2
45.4

Heart
   V5 (%)
   mean dose (%)
   D0.1cm3

   D1cm3

9.4
-
-
-

10
-
-
-

-
-
-
-

3.9
-
-
-

31
-
-
-

14
-
-
-

23.2
-
-
-

23
-
-
-

-
2.3#

-
-

-
-

12.1
10.5

21.2
3.3
18.9
16.6

Skin
   Dmax (%) - 108.8 - - 106.6 98.2 94.7 103.3 88.7# 99.6* 88.8*
Contralateral breast
   Dmax (%) 1.6 3 - - 10 - - 10 2.7# 3.8* 2.1*

* = D0.1cm3; # = median value; @ = segment number in parentheses; CTV = clinical target volume; MLC = multileaf collimator; PTV = planning target volume
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of beam orientations, such as choosing ‘exit only’ 
option for these volumes at optimization, the dose 
can be kept lower at CK. Both techniques require 
invasive intervention, but with different degrees 
of invasiveness. At MIBT sometimes quite a lot of 
catheters are implanted, but at CK the gold mark-
ers are inserted with 2−3 needles, only. The overall 
treatment times of CK and MIBT treatments were 
similar, every patient finished the therapy in four 
days.

The limitation of our study is that the dosimet-
ric evaluation was performed on two separate pa-
tient populations. However, the patient selection, 
target volume definition, and organ delineations 
in the two patient cohorts were performed using 
the same rules by three experienced radiothera-
pists providing appropriate consistency. The vol-
umes of ipsilateral breasts and CTV-s were similar 
in the two groups meaning a proper balance with 
respect to base-line dosimetry. The differences in 
patient characteristics and individual anatomy in 
two patient cohorts may cause some uncertain-
ties regarding dosimetric comparison. However, 
this serves the purpose of assessment of real treat-
ments. Using the same CT-data with identical con-
tours to compare the two treatment techniques 
would decrease the uncertainties, but in that case 
real treatments are compared with hypothetical 
ones which can never be realized.36 In contrast, the 
advantage of our current analysis is that both in-
vestigated treatment methods reflect reality, as in 
the study of Weed et al.24, in which MIBT against 
MammoSiteTM and 3D-CRT techniques was com-
pared for three different patient cohorts. Our in-
vestigated two techniques are routinely used in 
our clinical practice, therefore the obtained results 
are realistic. However, whether the observed small 
dosimetric differences translate into different clini-
cal outcomes requires further investigations with 
an assessment of more data.

Conclusions

In APBI, the dose distributions of MIBT and CK are 
similar with high dose conformity and comparable 
isodose lines between 50−100 % of PD, but at MIBT 
regions in the target volume irradiated by very 
high doses develop due to unique feature of the 
BT. The low dose isodose lines are nearly circular 
at MIBT and irregular at CK cases. Regarding the 
PD the CK treatments mimic well the BT irradia-
tion with taking advantage of non-coplanar beam 
entries and management of organ motion. OAR-s 

close to tumour bed (skin, ribs, ipsilateral lung) can 
be better protected with MIBT, but CK performs 
better for other organs (heart, contralateral breast, 
and lung). The advantage of CK is its less invasive-
ness, but its accessibility is very limited. BT is an 
easily accessible technique in almost all radiothera-
py departments, but it demands proper skills with 
good dexterity.
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Background. The aim of study was to establish the typical radiation quantity values for the most common trauma 
orthopaedic surgical procedures and to compare them with reference values of equivalent procedures performed 
in other institutions. In addition, we assess the impact of image intensifier and flat panel detector technology used for 
fluoroscopically guidance on patient exposure. 
Materials and methods. Five most frequently performed fluoroscopically guided trauma orthopaedic procedures 
in University Medical Centre Ljubljana were analysed. Data on 199 cases over a 6 months period from December 2016 
to June 2017 were gathered retrospectively. Study covered 40 dynamic hip screw fixations (DHS), 23 proximal femoral 
nail insertions (PFN), 20 proximal humeral nail insertions (PHN), 77 partial hip endoprosthesis implantations (PEP) and 
39 percutaneous posterior spine fixations (PPS). The median and average along with the first and third quartile values 
of air kerma area product (KAP) for each procedure type were calculated as well as median and average value of 
fluoroscopy screening time. 
Results. Typical KAP value for dynamic hip screw fixation was set at 0.52 Gycm2; for proximal femoral nail insertion 
at 0.53 Gycm2 and for proximal humeral nail insertion at 0.26 Gycm2. For implantation of partial endoprosthesis typical 
KAP value utilizing flat panel technology was set at 0.08 Gycm2 and at 0.21 Gycm2 when the image intensifier tech-
nology was used. Typical KAP value for percutaneous posterior spine fixation was set at 1.26 Gycm2, using flat panel 
technology and at 3.98 Gycm2 using image intensifier technology. 
Conclusions. Established typical KAP levels of surgical orthopaedic procedures in traumatology will serve as a valu-
able tool for further radiation exposure optimization.

Key words: typical value; fluoroscopy; air kerma-area product; trauma orthopaedic procedures

Introduction

The use of fluoroscopy in orthopaedic theatres 
has significantly increased over the past decade.1 
Benefits of intra-operative fluoroscopy include the 
indirect visualisation of anatomy, which enables 
many orthopaedic procedures to be performed us-
ing minimally invasive techniques, thus reducing 
morbidity and patient hospital stay. Using fluor-
oscopy guidance procedures are performed with 
greater ease, in less time and with less traumati-
sation of patient tissues.2,3 Fluoroscopy guidance 

is performed by employing conventional image 
intensifier (II) or flat panel detector (FPD) for x-ray 
detection. Improvements in technology of C-arms 
give more opportunities for optimisation and call 
for additional skills of operator. In addition well 
known practical tool for optimization of diagnos-
tic radiological procedures are diagnostic reference 
levels (DRL).4 DRLs are values of radiation quan-
tities used to indicate whether, in routine condi-
tions, the amount of radiation used for a specified 
radiological procedure is unusually high or low for 
that procedure. To assist the implementation of op-
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timisation process in a single facility, typical values 
of radiation quantity might be introduced. A typi-
cal value is defined as the median of the radiation 
quantity distribution and can be used as a guide to 
encourage further optimisation in a facility by pro-
viding a local comparator, in a similar manner to 
local DRLs. Typical values may be set also to pro-
vide a comparator linked to a new technology or 
technique for a single facility. Due to advances in 
technology and techniques DRL or typical values 
should be regularly updated.5 

Materials and methods

The primary objective of our research was to estab-
lish typical KAP values for five the most commonly 
fluoroscopically guided trauma orthopaedic pro-
cedures performed in University Medical Centre 
Ljubljana:
-	 dynamic hip screw fixation (DHS),
-	 proximal femoral nail insertion (PFN),
-	 proximal humeral nail insertion (PHN),
-	 partial hip endoprosthesis implantation (PEP) 

and
-	 percutaneous posterior spine fixation (PPS).

Procedures were guided by fluoroscopy units 
equipped with either image intensifier (II) based or 
flat panel detector (FPD) based technology. DHS 
fixations and PFN insertions were guided by FPD-
based unit, while PHN insertions were guided 
by II - based unit. Also, the performance of both 
technologies were compared for PEP implantation 
and PPS fixation. Data in this retrospective study 
was acquired in a time interval from December 
2016 to June 2017 from University Medical Centre 
Ljubljana. To establish the typical values for each 
procedure we gathered data of patient age, pa-
tient body weight, air kerma area product (KAP) 
and fluoroscopic screening time (FT) for each of 
199 procedures. The inclusion criterion was body 
weight 60–90kg. Median, average and third quartile 
values for KAP and median and average values for 
FT were calculated for five listed fluoroscopically 
guided trauma orthopaedic procedures. Statistical 
analysis was performed using IBM SPSS Statistics, 
version 23. Mann-Whitney U test was applied to 
test the significant differences in KAP and FT. A p-
value < 0.05 was used to indicate statistical signifi-
cance. Established typical values were compared to 
reference levels of similar procedures presented in 
literature. National Ethics Committee approval for 
study performance was not required, due to the ret-
rospective nature of the study of anonymized data 

and prior consent of Clinical Institute of Radiology, 
University Medical Centre Ljubljana.

Results

Radiation exposure parameters of 199 trauma or-
thopaedic surgical procedures were analysed. 
Study covered 40 DHS fixations, 23 PFN insertions, 
20 PHN insertions 77 PEP implantations and 39 
PPS fixations. The median and average along with 
the first and third quartile values of KAP for each 
procedure type were calculated, as well as median 
and average value of fluoroscopy screening time. 
Statistical data of patient body weight (BW), KAP 
and FT are displayed in Table 1, while KAP distri-
butions are shown in Figure 1.

Average age of patients who underwent the 
DHS fixations, PFN insertions and PHN insertions 
were 78, 87 and 67 years, respectively. Out of 77 
partial hip endoprosthesis implantations a group 
of 22 patients underwent procedure which was 
fluoroscopically guided with FPD, while for the 
other group of 55 patients II was used. Average 
age of the patients was 78 years and 77 years for 
first and second group of patients, respectively. 
Mann-Whitney U test confirmed that no statistical 
differences between body mass distributions for 
two groups of patients who underwent procedures 
using different fluoroscopy detection technology 
exist (p = 0.308). Mann-Whitney U test showed 
statistically significant difference in KAP values (p 
< 0.001) as well as in FT (p < 0.001) between two 
groups of procedures using different fluoroscopy 
technologies (FPD and II) in favour of FPD. 

FIGURE 1. Distribution of kerma area product (KAP) data (minimum, first quartile, 
median, third quartile, and maximum) for 40 dynamic hip screw fixations (DHS), 23 
proximal femoral nail insertions (PFN), 20 proximal humeral nail insertions (PHN), 77 
partial hip endoprosthesis implantations utilizing  flat panel detector (FPD) (22) and 
image intensifier (II) (55) for fluoroscopically guidance and 39 percutaneous posterior 
spine fixations (PPS) utilizing FPD (21) and  II (18) for fluoroscopically guidance.
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TABLE 1. Statistical data of patient body weight, KAP and fluoroscopy screening time for 40 DHS fixations, 23 PFN insertions, 20 PHN insertions, 77 PEP 
implantations utilizing  FPD (22) and II (55) for fluoroscopically guidance and 39 PPS fixations utilizing  FPD (21) and II (18) for fluoroscopically guidance

Min Q1 Median Average 
± SD Q3 Max

DYNAMIC HIP SCREW FIXATIONS (DHS)

BW [kg] 60 70 72 ± 9 90

KAP(FPD)[Gycm2] 0.13 0.29 0.52 0.71 ± 0.56 1.07 2.37

FT [s] 17 43 46 ± 20 96

PROXIMAL FEMORAL NAIL INSERTIONS (PFN)

BW [kg] 60 70 73 ± 9 90

KAP(FPD)[Gycm2] 0.13 0.34 0.53 0.60 ± 0.34 0.74 1.37

FT [s] 26 45 48 ± 18 96

PROXIMAL HUMERAL NAIL INSERTIONS (PHN)

BW [kg] 60 80 78 ± 8 90

KAP(II) [Gycm2] 0.11 0.16 0.26 0.28 ± 0.14 0.41 0.53

FT [s] 19 55.5 66.7 ± 37.9 175

PARTIAL HIP ENDOPROSTHESIS IMPLANTATIONS (PEP)

BW(FPD) [kg] 60 77.5 76 ± 7 90

BW(II) [kg] 60 80 78 ± 7 90

KAP(FPD)[Gycm2] 0.03 0.04 0.08 0.12 ± 0.09 0.17 0.33

KAP(II)[Gycm2] 0.04 0.13 0.21 0.24 ± 0.14 0.31 0.60

FT(FPD) [s] 1.0 3.0 4.0 ± 3.6 19.0

FT(II) [s] 1.0 5.0 6.9 ± 4.4 21.0

PERCUTANEOUS POSTERIOR SPINE FIXATIONS (PPS)

BW(FPD) [kg] 60 75 75 ± 6 90

BW(II) [kg] 60 75 76 ± 10 90

KAP(FPD)[Gycm2] 0.52 0.91 1.26 1.44 ± 0.74 1.63 3.21

KAP(II) [Gycm2] 1.53 2.80 3.98 4.12 ± 1.69 5.53 6.65

FT(FPD) [s] 28 71 80 ± 40 182

FT(II) [s] 42 110 115 ± 54 215

BW = body weight; FPD = flat panel detector; FT = fluoroscopic screening time; II = image intensifier; KAP = kerma area product; Q1 = first quartile; Q3 = third quartile

Out of 39 percutaneous posterior spine fixation 
a group of 21 patients underwent procedure which 
was fluoroscopically guided with FPD while for 
the other group of 18 patients II was used. Average 
age of the patients was 65 years and 64 years for 
first and second group of patients, respectively. 
Mann-Whitney U test confirmed that no statistical 
differences between body mass distributions for 
two groups of patients who underwent procedures 
utilizing different detector technologies exist (p = 
0.922). Mann-Whitney U test showed statistically 
significant difference in KAP values (p < 0.001) as 
well as in FT (p = 0.040) between two groups of 
procedures using different fluoroscopy technology 
(FPD and II) in favour of FPD.

Discussion

The purpose of this study was to establish the typi-
cal KAP values for chosen trauma orthopaedic sur-
gical procedures and to compare them with refer-
ence values of equivalent procedures performed 
in other institutions. In addition, the impact on 
patient exposure of two different image detector 
technologies used for fluoroscopy guidance were 
analysed for PEP implantation and PPS fixations.

Dynamic hip screw fixation

For DHS fixations we established the median and 
average KAP values at 0.52 Gycm2, and 0.71 Gycm2, 
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The results of our study were compared to re-
search conducted by Roux et al.8, in one of the 
French hospitals, utilizing conventional II detector. 
Despite the shorter FT, their average KAP value 
was higher. This effect could most probably be at-
tributed to different detector technologies, while 
we used FPD. Unfortunately, they did not report 
patients BW data, so we could not perform any fur-
ther comparison or establish the reasons for differ-
ences in KAP values. 

Pillai and Jain9 completed their research in a 
major Scottish hospital, employing conventional 

TABLE 2. Comparison of diagnostic reference levels (DRL) with literature - dynamic hip screw fixations (DHS)

DYNAMIC HIP SCREW FIXATIONS (DHS) Median KAP 
(Gycm2)

Average KAP 
(Gycm2)

Median FT
(s)

Average FT 
(s)

BW 
(kg)

Our study 0.52 0.71 43 45.6 73

Hardman et al., (2015)6 1. hospital / 0.65 46.1 70

Hardman et al., (2015)6 2.  hospital / 1.01 55.3 70

Hardman et al., (2015)6 3. hospital / 3.94 92.4 70

Hardman et al., (2015)6 4. hospital / 1.24 61.5 70

Hardman et al., (2015)6 – all / 1.57 60.4 70

Rashid et al., (2017)7 0.67 36

BW = body weight; FT = fluoroscopic screening time; KAP = kerma area product

TABLE 3. Comparison of proximal femoral nail insertions (PFN) median and average 
kerma area product (KAP) values and average fluoroscopic screening time (FT) 
with literature 

PROXIMAL FEMORAL NAIL 
INSERTIONS (PFN)

Median 
KAP

(Gycm2)

Average 
KAP

(Gycm2)
Average

FT (s)
 BW
 (kg)

Our study 0.53 0.60 48 73

Roux et al. (2011)8 / 0.79 32 /

Pillai and Jain (2004)9 0.69 / 34 /

Salvia et al. (2011)10 / / 60 /

BW = body weight

TABLE 4. Comparison of proximal humeral nail insertions (PHN) average fluoroscopic 
screening time (FT) with literature

PROXIMAL HUMERAL 
NAIL INSERTIONS

Median 
KAP

(Gycm2)

Average 
KAP

(Gycm2)
Average 

FT (s)
BW

 (kg)

Our study 0.26 0.28 67 75

Salvia et al., (2011)10 / / 42 /

BW = body weight; FT = fluoroscopic screening time; KAP = kerma area product

respectively, while median and average FT dura-
tion was 43.0 s and 45.6 s, respectively. Patient’s 
average body weight was 73 kg. Table 2 shows the 
comparison of our results with results from the lit-
erature.

We compared the results of our study with simi-
lar study, performed by Hardman et al. performed 
in four major reference hospitals in London.6 Our 
average KAP value was similar to value set in first 
reference hospital, while in others their values were 
higher. To broaden the analysis, we performed the 
comparison of FT durations. Only in the first refer-
ence hospital the FT was similar to ours, while in 
the others their FT were longer. The results are in 
line with the findings based on average KAP val-
ues comparison.

Hardman et al. also established average KAP 
value using data from all four institutions and set 
the value at 1.57 Gycm2, while our average KAP 
value was set at 0.71 Gycm2. 

In addition, findings of the study performed by 
Rashid et al.7 were compared to our results. Their 
median value of KAP is slightly higher while FT is 
shorter. Most probable reasons for differences are 
chosen exposure parameters, pulse frequency, col-
limation, use of fixed exposure parameters when 
metal implant is in field of view or patient’s consti-
tution. Due to unavailability of data from literature 
we were not able to evaluate the impact.

Proximal femoral nail insertion

For PFN insertion we established the median and 
average KAP value at 0.53 Gycm2 and 0.60 Gycm2, 
respectively, median and average FT were set at 45 
s and 48 s respectively. Average patients BW was 
73 kg. Table 3 shows the comparison of our results 
with results from literature.8-10
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II detector. They established median KAP value 
at 0.69 Gycm2, while we set median KAP value at 
0.53 Gycm2. Our average FT is longer compared to 
Scottish study. The comparison of results exhibited 
similar circumstances as seen in study by Roux et 
al.8 Again, we attributed this outcome to difference 
in used detector technologies. Longer fluoroscopy 
duration in our institution could be the result of 
less experienced operators or different methodol-
ogy of radiological practice.

Salvia et al.10, performed their study in Santa 
Clara hospital, USA, using conventional II detec-
tor. They established the average FT for the pro-
cedure, which is longer, than the one in our study. 
Regrettably, any other parameters, such as KAP or 
patient constitution descriptors are not reported. 

Proximal humeral nail insertion

For PHN insertion we established the median and 
average KAP values at 0.26 Gycm2, and 0.28 Gycm2, 
respectively, while median and average FT dura-
tion was 55.5 s and 66.7 s, respectively. Patient’s 
average body weight was 75 kg. The comparison of 
our results with results from literature are shown 
in Table 4.

Salvia et al.10 performed their study in Santa 
Clara hospital, USA, using conventional II detec-
tor. They established the average FT duration for 
procedure, which is much shorter, than the one in 
our study. Regrettably, they did not report any oth-

er parameters, such as KAP values or patient con-
stitution descriptors. Due to the lack of compara-
ble data, we can only conclude, that the reason for 
shorter duration of examination is probably the re-
sult of different method or more experienced staff.

Partial hip endoprosthesis implantation

For PEP implantation guided by fluoroscopy unit 
with FPD detector we established the median, and 
average KAP values at 0.08 Gycm2 and 0.12 Gycm2, 
respectively, while median and average FT dura-
tion was 3 s and 4 s, respectively. Patient’s average 
body weight was 75.7 kg. 

For procedures performed by fluoroscopy unit 
equipped with II, we established the median and 
average KAP values at 0.21 Gycm2 and 0.24 Gycm2, 
respectively, while median and average FT dura-
tion was 5 s and 6.9 s, respectively. Patient’s aver-
age body weight was 77.7 kg. Table 5 shows the 
exposure levels for PEP implantation for both de-
tector technologies.

Applying the Mann Whitney U test, we showed 
that statistically significant difference in average 
KAP as well as in average FT exist between the two 
groups of procedures with different fluoroscopy 
technology used for guidance (p < 10-3). 

In procedures using II technology compared to 
procedures where FPD were employed KAP val-
ues were higher and FT were longer. One reason 
for higher KAP in procedures guided with fluoros-

TABLE 5. Comparison of partial hip endoprosthesis implantations (PEP) exposure parameters using flat panel detectors (FPD) and 
image intensifier technology for fluoroscopy guidance

PARTIAL HIP ENDOPROSTHESIS 
IMPLANTATIONS 

Median KAP
(Gycm2)

Average KAP
(Gycm2)

Median FT
(s)

Average FT
(s)

BW
(kg)

Our research – FPD 0.08 0.12 3.0 4.0 75.7

Our research - II 0.21 0.24 5.0 6.9 77.7

BW = body weight; FT = fluoroscopic screening time; KAP = kerma area product

TABLE 6. Comparison of percutaneous posterior spine fixations (PPS) exposure parameters using flat panel detectors (FPD) and 
image intensifier (II) technology for fluoroscopy guidance

PERCUTANEOUS POSTERIOR  
SPINE FIXATIONS 

Median KAP 
(Gycm2)

Average KAP 
(Gycm2)

Median FT 
(s)

Average FT 
(s)

BW  
(kg)

Our study - FPD 1.26 1.44 71 80 75

Our study - II 3.98 4.12 110 115 78

Roux et al., (2011)8 / 10.35 / 158 /

BW = body weight; FT = fluoroscopic screening time; KAP = kerma area product
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copy unit equipped with II is longer FT, however, 
it stands to reason, that the observed difference is 
due to the impact of improved FPD technology. 
In our study the x-ray generator maximum power 
output for II type was 2.3 kW, while for FPD type 
was 15 kW. It is worth to note that comparison is 
limited because quality of fluoroscopic image was 
not taken into consideration.

Percutaneous posterior spine fixation

For PPS fixations guided by fluoroscopy unit with 
FPD detector we established the median and aver-
age KAP values at 1.26 Gycm2 and 1.44 Gycm2, re-
spectively, while median and average FT duration 
was 71 s and 80 s, respectively. Patient’s average 
body weight was 75.0 kg. 

For procedures performed by fluoroscopy unit 
equipped with II, we established the median and 
average KAP values at 3.98 Gycm2 and 4.12 Gycm2, 
respectively, while median and average FT dura-
tion was 110 s and 115 s, respectively. Patient’s 
average body weight was 76 kg. Table 6 shows the 
exposure levels for PEP implantation for both de-
tector technologies.

Applying the Mann Whitney U test we showed 
that statistically significant difference in average 
KAP as well as in average FT exist between the two 
groups of procedures using with different fluoros-
copy technology for guidance (p < 0.001). 

In procedures using II technology compared to 
procedures where FPD were employed KAP val-
ues were nearly three times higher while FT val-
ues were only one third longer. Besides shorter FT, 
FPD technology advantages compared to II tech-
nology has predominantly impact on KAP values. 
Consideration of fluoroscopy image quality would 
enable more specific findings.

We also compared our results with earlier men-
tioned study by Roux et al.8, which conducted their 
research in one of the French hospitals, utilizing 
conventional II. Nearly three times lower average 
KAP in our sample and 1.5 times shorter FT dura-
tion were observed when comparing data obtained 
with II. This points to advantage of our method, 
however the conclusion may be misleading, be-
cause we were not able to evaluate impact of other 
procedure parameters, as they were not presented.

Conclusions

Based on retrospective study, typical KAP values 
were established for most frequently performed 

fluoroscopy guided trauma orthopaedic surgeries 
performed in University Medical Centre Ljubljana, 
Slovenia. Typical KAP values were set for DHS 
fixation using FPD technology for fluoroscopy at 
0.52 Gycm2, PFN insertion using FPD technology 
for fluoroscopy at 0.53 Gycm2, PHN insertion us-
ing II technology for fluoroscopy at 0.26 Gycm2. 
For PEP implantation we set DRLs at 0.08 Gycm2 
and 0.21 Gycm2 for FPD and II technology used for 
guidance, respectively, as well as for PPS fixation 
at 1.26 Gycm2 and 3.98 Gycm2 for FPD and II tech-
nology used for guidance, respectively.

In addition, we showed that radiation exposure 
parameters are deceased if FPD technology for 
fluoroscopy guidance is used, which could be ac-
credited to advanced performance characteristics 
of FPD compared to II. 

Established typical KAP values were compared 
to values set in other institutions and reported in 
literature. Analysis showed that our typical values 
are mostly lower than those set in other hospitals, 
while fluoroscopy FT durations are sometimes 
marginally longer. This aspect indicates the direc-
tion for additional optimisation.  

For further research we recommend the acquire-
ment of additional data to get larger samples and 
improve the statistical parameters. Moreover, a 
more detailed description of exposure parameters, 
pulse frequency, collimation, filtration and pa-
tient’s constitution, such as diameter of observed 
body part and patient body height for body mass 
index calculations as well as comparison of fluoro-
scopic image quality, would enable even more spe-
cific findings and conclusions.

It is important to be aware that typical values for 
fluoroscopy guided trauma orthopaedic surgeries 
are one of the steps in the overall process of optimi-
zation and can act as standards for clinical audits.
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Okužba s COVID-19 pri bolnikih z rakom. 
Obravnava bolnikov v diagnostični enoti
Granata V, Fusco R, Izzo F, Setola SV, Coppola M, Grassi R, Reginelli A, Cappabianca S, 
Grassi R, Petrillo A

Izhodišča. Pri ranljivih bolnikih, kot so bolniki z rakom, je okužba s COVID-19 še posebej agresivna. Za 
obravnavo onkoloških bolnikov je zato bolj primeren multidisciplinarni pristop. Ta omogoča prepoznava-
nje bolnikov, ki potrebujejo bolnišnično obravnavo, bolnikov, ki jih lahko obravnavamo ambulantno, in 
bolnikov, pri katerih je mogoče zdravljenje odložiti.
Zaključki. Vloga radiologa je ključnega pomena, saj moramo pri vsakem bolniku z rakom, ki potrebuje 
slikovno diagnostiko, uporabiti najprimernejše slikovne preiskave. Te omogočajo odgovoriti na klinično 
vprašanje, še posebno pozornost pa je treba nameniti ohranjanju javnega zdravja. Za pravilno organiza-
cijo delovanja radiološke enote so potrebne smernice za obravnavo bolnikov s sumom na okužbo ali s 
potrjeno okužbo s COVID-19. Če je le mogoče, bi bilo za zmanjšanje tveganja prenosa okužbe potrebno 
uporabljati satelitski radiografski center z namensko opremo.
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Pregled jetrnoceličnega raka z atipičnim 
vzorcem obarvanja. Spekter najdb pri 
magnetoresonančnem slikanju in korelacija s 
patološkim izvidom
Djokić Kovač J, Ivanović A, Milovanović T, Mićev M, Alessandrino F, Gore RM

Izhodišča. Pri bolnikih z jetrno cirozo lahko diagnozo jetrnoceličnega raka (HCC) dokončno ugotovimo 
že s slikovnimi metodami. Lezije so večje od 1 cm, imajo tipičen izgled, ki vključuje hipervaskularnost v 
arterijski fazi, ki ji sledi izplavljanje v venski faz. Vendar pa zaradi kompleksnosti hepatokarcinogeneze ni-
majo vsi HCC tipičnega videza. Atipične oblike kot hipervaskularen HCC brez izplavljanja, izovaskularen 
ali pa celo hipovaskularen HCC lahko predstavljajo diagnostične dileme. V teh primerih je pomembno 
tudi upoštevati izgled nodulov pri difuzijskem slikanju in v hepatobiliarni fazi. Za malignom je sumljivo, če 
sta prisotni restrikcija difuzije in hipointenzivnost v hepatobiliarni fazi. Če sta prisotna oba znaka, je pri bol-
niku z jetrno cirozo, kljub atipičnemu obarvanju, potrebno pomisliti na HCC. V prid diagnozi HCC lahko 
govorijo tudi pomožni znaki, kot prisotnost kapsule, vsebnost maščobe in signal na obteženih sekvencah 
T2. Obliko atipičnega HCC predstavljajo tudi lezije, ki so hiperintenzivne v hepatobiliarni fazi. Namen 
pričujoče raziskave je bil pripraviti pregled HCC-jev z atipičnim obarvanjem ter njihovga izgleda pri ma-
gnetnoresonančnem slikanju.
Zaključki. Da bi pravilno opredelili atipične HCC v cirotičnih jetrih, je ob načinu obarvanja nodula po-
trebno upoštevati tudi pomožne znake, kot so restrikcija difuzije, hipointenzivnost v hepatobiliarni fazi in 
hiperintenzivnost na obteženih sekvencah T2. Tudi vsebnost maščobe, okolno obarvanje v obliki krone 
in mozaična zgradba so magnetnoresonančni znaki, ki tudi ob odsotnosti tipičnega obarvanja govorijo 
v prid HCC.
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Kirurško zdravljenje in ohranitev plodnosti pri 
bolnicah z rakom endometrija
Kovačević N

Izhodišča. Rak endometrija predstavlja tako v Sloveniji kot po svetu veliko zdravstveno breme. Njegova 
incidenca narašča zaradi staranje prebivalstva ter tveganega življenjskega sloga, kot so neprimerno 
hranjenje s posledično debelostjo, kajenje, izpostavljenost estrogenom. Najpogosteje rak endometrija 
odkrijemo v zgodnji fazi zaradi očitnih znakov in simptomov. Standardno zdravljenje je operacija z ali 
brez dopolnilne terapije, odvisno od razširjenosti bolezni in tveganja za ponovitev. Vendar pa so se načini 
zdravljenja v zadnjih desetletjih precej spremenili, predvsem v obsegu limfadenektomije.
Zaključki. Zlati standard zdravljenja raka endometrija v začetnem stadiju in z nizkim histološkim gra-
dusom je izključno kirurški. Priporočljiv je minimalno invaziven pristop z biopsijo varovalne bezgavke. 
Konservativen pristop s hormonalnim zdravljenjem uvedemo, ko želimo ohraniti plodnost. Če je rak en-
dometrija lokalno napredoval ali gre za histološki tip visokega gradusa, svetujemo dopolnilno zdravljenje 
z radioterapijo, kemoterapijo ali kombinacijo obeh. 
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Odnos med analitičnimi parametri ADC 
histograma in izražanjem PD-L1 pri rakih glave 
in vratu. Preliminarna raziskava
Meyer HJ, Höhn AK, Surov A

Izhodišča. Temelj sodobnega zdravljenja raka v zadnjem času vse bolj predstavlja imunoterapija. 
Ocena izražanja liganta 1 za programirano celično smrt (PD-L1) z neinvazivnimi metodami slikovne di-
agnostike bi lahko bila pomembna. V pričujoči raziskavi smo uporabili difuzijski poudarek slikanja (angl. 
diffusion weighted imaging, DWI) magnetne resonance in tako pridobili vrednost difuzijskega koeficienta 
(angl. apparent diffusion coefficient, ADC) celotne lezije za osvetlitev povezave z izražanjem PD-L1 pri 
bolnikih s ploščatoceličnim rakom glave in vratu.
Bolniki in metode. V preiskavo smo zajeli 29 bolnikov, ki so imeli na različnih mestih primarni ploščato-
celični rak glave in vratu. Uporabili smo magnetnoresonančno napravo 3T z b-vrednostmi 0 in 800 s/mm2 
sekvenc DWI. Vrednosti ADC smo ocenili s pomočjo histograma v področju celotnih lezij. Izražanje PD-L1 
smo ocenili iz bioptičnih vzorcev lezij pred terapijo s pomočjo treh točkovnikov, točkovnika pozitivnosti 
tumorja (TPS), točkovnika imunskih celic (ICS) in skupega pozitivnega točkovnika (CPS).
Rezultati. Ugotovili smo inverzno korelacijo med vrednostmi ADC in ICS (r = -0,38; p = 0,04). Vrednost 
ADCmax se je nagibala h korelaciji z ICS (r = -0,35; p = 0,06). Povezave ostalih parametrov ADC z izraču-
nanimi točkovniki ni bilo opaziti. 
Zaključki. Ugotovili smo zgolj šibko povezavo med koeficientom simetrije pri vrednostnih ADC in izra-
ženostjo PD-L1 pri bolnikih s ploščatoceličnim rakom glave in vratu. Možno je, da ta način ugotavljanja 
izražanja PD-L1 ne bi bil primeren za klinično prakso. Vrednosti ADC so verjetno pod večjim vplivom 
kompleksnih histopatoloških dogajanj v tumorju, tako celičnih kot medceličnih in na njih ne vplivajo samo 
različne vrste tumorskih celic.
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Konfiguracija mehkotkivnih sarkomov pri 
slikanju z MRI je povezana s stopnjo malignosti 
Sedaghat S, Salehi Ravesh M, Sedaghat M, Both M, Jansen O

Izhodišča. Cilj raziskave je bil oceniti, ali je konfiguracija primarnih mehkotkivnih sarkomov pri slikanju z 
magnetno resonanco (MRI) povezana s stopnjo malignosti.
Bolniki in metode. V raziskavo smo vključili 71 bolnikov s histološko potrjenim mehkotkivnim sarkomom. 
Na slikah MRI smo določili konfiguracijo ter meje in prostornino primarnega tumorja. Glede na klasifika-
cijski sistem Francoske nacionalne zveze centrov za rake (FNCLCC), skupine za sarkome, so bili tumorji 
razdeljeni na sarkome visokega (G3), srednjega (G2) in nizkega gradusa (G1).
Rezultati. Potrdili smo 30 primarnih mehkotkivnih sarkomov visokega, 22 srednjega in 19 nizkega gradu-
sa. Mehkotkivni sarkomi visokega in srednjega gradusa (G3/2) so bili najpogosteje policiklični (p < 0,001) 
ali multilobularni (p = 0,002). Mehkotkivni sarkomi nizkega gradusa (G1) pa so bili večinoma anovoidni/
nodularni ali pa so imeli progasto konfiguracijo (p = 0,008) in dobro omejene meje (95 %). Podoba meh-
kotkivnih sarkomov z visokim, srednjim in nizkim gradusom ter z ovoidno/nodularno konfiguracijo je bila na 
MRI podobna. Vsi mehkotkivni sarkomi višjega gradusa (G3/2) in progasto konfiguracijo ter policiklični/
multilobulirani sarkomi visokega gradusa (G3) 17 od 20 bolnikov so kazali znake infiltracije. Mehkotkivni 
sarkomi s progasto konfiguracijo in policiklični/multilobularni sarkomi visokega gradusa so imeli v primer-
javi s tumorji srednjega in nizkega gradusa večjo prostornino.
Zaključki. Konfiguracija primarnih mehkotkivnih sarkomov na slikah MRI lahko kaže na stopnjo mali-
gnosti. Tumorji višjega gradusa (G2/3) so imeli najpogosteje policiklično/multilobularno konfiguracijo, 
medtem ko so bili tumorji nizkega gradusa večinoma ovoidni/nodularni ali progasti. Znaki infiltracije lahko 
kažejo na višji gradus pri mehkotkivnih sarkomih s progasto konfiguracijo in pri policikličnih/multilobuliranih 
sarkomih.
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Primerjava transjugularnega intrahepatičnega 
portosistemskega odvoda in endoskopskega 
zdravljenja pri preprečevanju ponavljajočih 
se krvavitev iz varic. Dolgoročno spremljanje 
126-ih bolnikov
Koršič Š, Štabuc B, Skok P, Popovič P

Izhodišča. Ponavljajoče krvavitve iz varic požiralnika in želodca so najpogostejši življenje ogrožujoči 
zapleti portalne hipertenzije. V smernicah transjugularni intrahepatični portosistemski odvod (angl. tran-
sjugular intrahepatic portosystemic shunt, TIPS) ni zdravljenje izbora ponavljajočih se krvavitev iz varic. 
Naredili bi ga naj le pri krvavitvah, ki so odporne na farmakološko in endoskopsko zdravljenje. V dostopni 
literaturi so redke dolgoročne raziskave, ki primerjajo varnost in učinkovitost TIPS-a in endoskopskega 
zdravljenja za preprečevanje ponavljajočih se krvavitev iz varic.
Bolniki in metode. Retrospektivno smo analizirali 70 bolnikov, ki smo jih zdravili s TIPS-om, in 56-ih bol-
nikov, ki smo jih zdravili endoskopsko. Bolnike smo spremljali od vključitve v raziskavo do njihove smrti, ali 
presaditve jeter, zadnje kontrole ali do konca raziskave.
Rezultati. Ponavljajoče krvavitve so bile statistično značilno pogostejše v skupini endoskopsko zdravlje-
nih v primerjavi s skupino TIPS (66,1 % proti 21,4 %, p < 0,001; χ2-test). Incidenca smrti zaradi ponavljajoče 
krvavitve je bila višja v skupini endoskopsko zdravljenih (28,6 % proti 10 %). 1-, 2- in 5-letno preživetje v 
skupini TIPS v primerjavi s skupino endoskopsko zdravljenih  je bilo 85 % proti 83 %, 73 % proti 67 % and 41 % 
proti 35 %. Jetrna odpoved je bil najpogostejši vzrok smrti pri bolnikih s preživetjem daljšim od dveh let. 
Srednji čas spremljanja v skupini TIPS je bil 47 mesecev (razpon; 2–194 mesecev) in v skupini endoskopsko 
zdravljenih 40 mesecev (razpon; 1–168 mesecev).
Zaključki. TIPS je bil v primerjavi z endoskopsko zdravljenimi bolj učinkovit pri preprečevanju ponavljajo-
čih se krvavitev iz varic in po njem je bila smrtnost zaradi krvavitev nižja.
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Analiza urgentne preiskave CT glave pri 
kritično bolnih onkoloških bolnikih
Pristavu C, Martin A, Irina Ristescu A, Patrascanu E, Gavril L, Lundu O, Manole M, Rusu D, 
Grigoras I

Izhodišča. Kritično bolni bolniki imajo povečano tveganje za razvoj akutnih nevroloških znakov. Namen 
raziskave je bil oceniti uporabo in uporabnost urgentne preiskave CT glave pri takšnih bolnikih.
Bolniki in metode. V retrospektivno kohortno raziskavo posamičnega centra smo vključili bolnike z 
urgentno preiskavo CT glave, ki smo jo naredili med hospitalizacijo v enoti intenzivne terapije v obdobju 
treh let. Želeli smo prepoznati diagnostično dobrobit in soodvisnost med abnormalnimi najdbami na 
posnetkih CT-ja, tumorskim tipom in stopnjo smrtnosti, zato smo ocenili indikacije, najdbe na posnetkih in 
izid zdravljenja.
Rezultati. Našli smo 64 urgentnih preiskav CT glave pri 54 kritično bolnih bolnikih; 32 posnetkov (50 %) je 
prikazalo predhodno neznane lezije in smo jih upoštevali kot pozitivne ugotovitve. Najpogostejše abnor-
malne najdbe so bile ishemične (pri 15 preiskavah, 47 %) in hemoragične (pri 13 preiskavah, 40 %) lezije. 
Indikacije za 38 urgentnih preiskav CT glave (59 %) so bile spremenjeno mentalno stanje s 50 % pozitivnih 
posnetkov. 18 urgentnih preiskav CT glave (48 %) smo naredili pri bolnikih s hematološkimi raki: 9 posnet-
kov (50 %) je bilo pozitivnih, 8/9 (89 %) s hemoragičnimi lezijami. Pri bolnikih s solidnimi raki smo naredili 20 
urgentnih CT preiskav glave: 10 (50 %) je bilo pozitivnih in pri 9/10 (90 %) smo našli ishemične lezije. Izmed 
54 bolnikov je med hospitalizacijo v enoti intenzivne terapije umrlo 30 bolnikov (55 %). Stopnja smrtnosti je 
bila višja pri bolnikih s hematološkimi raki in pozitivnimi najdbami z urgentnim CT glave (78 % proti 58 %).
Zaključek. Diagnostična dobrobit urgentne preiskave CT glave pri kritično bolnih bolnikih je mnogo 
višja kot pri drugih kategorijah bolnikov v enoti intenzivne terapije. Priporočamo sistematično uporabo te 
preiskave pri kritično bolnih, predvsem pri hemato-onkoloških bolnikih z nespecifično nevrološko okvaro, 
saj lahko prispeva k zgodnji prepoznavi intrakranialnih zapletov.
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Vloga genskih polimorfizmov, povezanih z 
glutationom, pri azbestnih boleznih
Franko A, Goričar K, Dodič Fikfak M, Kovač V, Dolžan V

Izhodišča. V raziskavi smo preučevali vpliv polimorfizmov GCLC, GCLM, GSTM1, GSTT1 in GSTP1, kot tudi 
vpliv interakcij med polimorfizmi ter interakcij med polimorfizmi in izpostavljenostjo azbestu na tveganje 
za razvoj plevralnih plakov, azbestoze in malignega mezotelioma.
Preiskovanci in metode. V raziskavo smo vključili 940 preiskovancev, ki so bili izpostavljeni azbestu, 
med njimi 390 preiskovancev s plevralnimi plaki, 147 z azbestozo, 225 z malignom mezoteliomom ter 
178 preiskovancev, ki niso imeli nobene bolezni, povezane z izpostavljenostjo azbestu. Genotipe GCLC 
rs17883901, GCLM rs41303970, nični GSTM1, nični GSTT1 ter GSTP1 rs1695 in GSTP1 rs1138272 smo določili 
z metodami, ki so temeljile na polimerazni verižni reakciji. V statistični analizi smo uporabili metodo logi-
stične regresije.
Rezultati. Nični genotip GSTT1 je bil povezan z manjšim tveganjem za razvoj plevralnih plakov (razmerje 
obetov [RO] = 0,63; 95 % interval zaupanja [IZ] = 0,40–0,98; p = 0,026) in azbestoze (RO = 0,51; 95 % IZ = 
0,28–0,93; p = 0,028), ni pa bil povezan z malignim mezoteliomom. Pozitivno povezavo smo ugotovili med 
genotipi GSTP1 rs1695 AG + GG vs. AA za maligni mezoteliom v primerjavi s plevralnimi plaki (RO = 1,39; 
95 % IZ = 1,00–1,94; p = 0,049). Interakcije med različnimi polimorfizmi niso vplivale na tveganje za razvoj 
preučevanih bolezni, povezanih z izpostavljenostjo azbestu. Interakcija med ničnim polimorfizmom GSTT1 
in izpostavljenostjo azbestu je znižala tveganje za maligni mezoteliom (RO = 0,17; 95 % IZ = 0,03–0,85; p 
= 0,031). 
Zaključki. Rezultati raziskave kažejo, da bi bil nični genotip GSTT1 lahko povezan z manjšim tveganjem 
za razvoj plevralnih plakov in azbestoze. Lahko modificira povezavo med izpostavljenostjo azbestu in 
malignim mezoteliomom ter lahko posledično deluje protektivno na tveganje za razvoj malignega mezo-
telioma. Ugotovili smo tudi protektivni učinek interakcije med polimorfizmom GSTP1 rs1695 in izpostavlje-
nostjo azbestu za tveganje za nastanek malignega mezotelioma.
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Dolgoročno sledenje po samoodvzemu vzorca 
za HPV z odvzemnikoma Qvintip in HerSwab 
pri neodzivnicah presejalnega programa za 
raka materničnega vratu
Bokan T, Ivanuš U, Jerman T, Takač I, Arko D

Izhodišča. Prvič predstavljamo rezultate pilotne raziskave s samoodvzemom vzorca za test HPV pri žen-
skah v okviru Nacionalnega presejalnega programa ZORA, ki smo jih pregledali v kolposkopski ambulan-
ti. Navajamo rezultate enoletnega in štiriletnega sledenja pri uporabi dveh različnih samoodvzemnikov.
Bolniki in metode. Vključili smo 209 žensk iz kolposkopske ambulante. Pred ginekološkim pregledom 
so si same iz nožnice odvzele vzorec za test na humani papilomavirus (HPV); 111 s samoodvzemnikom 
Qvintip in 98 s samoodvzemnikom HerSwab. Po samoodvzemu je ginekolog odvzel dva vzorca s povr-
šine materničnega vratu, enega za standardno citološko preiskavo in enega za test na HPV. Pri vseh 
smo opravili kolposkopijo in biopsijo materničnega vratu, če je bila indicirana. Primerjali smo občutljivost, 
specifičnost in napovedne vrednosti citologije (mejna vrednost atipične ploščate celice, neopredeljene; 
APC-N) in testa na HPV (pri samoodvzetem vzorcu in vzorcu, ki ga je odvzel ginekolog) za odkrivanje 
intraepiteliske neoplazije gradus 2 ali več (CIN2+) po enem in štirih letih sledenja. Za analizo vzorca na 
okužbo s HPV smo uporabili Hybride Capture 2 (HC2). 
Rezultati. Povprečna starost vseh 209 žensk je bila 37,6 let, HPV je bil pozitiven pri 67,0 % (140/209). V 
skupini Qvintip je bila povprečna starost 36,9 let, pri 70,3 % (78/111) je bil HPV pozitiven, v skupini HerSwab 
pa 38,4 let in pri 63,3 % (62/98) HPV pozitiven. Odstotek skupnega ujemanja med samoodvzetim vzor-
cem in vzorcem, ki ga je odvzel ginekolog, je bil 81,8 % (kappa 0,534) v skupini Qvintip in 77,1 % (kappa 
0,456) v skupini HerSwab. V skupini Qvintip so bile longitudinalna občutljivost, specifičnost, pozitivna in 
negativna napovedna vrednost za citologijo: 71,8 %, 75,0 %, 83,6 %, 60,0 %; za samoodvzet HPV: 83,1 %, 
51,3 %, 75,6 % in 62,5 % ter za test HPV, ki ga je odvzel ginekolog: 94,4 %, 57,5 %, 79,8 % in 85,2 %. V skupini 
HerSwab so bili rezultati istih vrednosti: 71,7 %, 46,7 %, 61,3 %, 58,3 % za citologijo; 75,0 %, 47,7 %, 62,9 % in 
61,8 % za samoodvzet HPV in 94,3 %, 44,4 %, 66,7 % in 87,0 % za test HPV, ki ga je odvzel ginekolog.
Zaključki. Rezultati so potrdili, da je samoodvzet vzorec za test na HPV, določen s HC2, manj zanesljiv 
od vzorca, ki ga odvzame zdravnik. Vsi HPV testi so pokazali višjo občutljivost v odkrivanju CIN2+ v pri-
merjavi s citologijo. Glede na primerljivo občutljivost samoodvzetega HPV s citologijo, bi bil samoodvzem 
morda lahko možnost za neodzivnice v nacionalnem presejalnem programu.
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Ocena uspešnosti spremljanja bolnikov z rakom 
sečnega mehurja s testom Xpert BC monitor 
glede na citološko preiskavo urina
Smrkolj T, Čegovnik Primožič U, Fabjan T, Šterpin S, Osredkar J

Izhodišča. Cistoskopija in citološka preiskava urina sta zlati standard pri spremljanju bolnikov z rakom 
sečnega mehurja. V raziskavi smo ovrednotili pomen novega urinskega testa Xpert BC monitor (angl. 
Xpert bladder cancer monitor; XBC) pri sledenju teh bolnikov.
Bolniki in metode. Na vzorcih urina bolnikov, ki so bili zdravljeni zaradi raka sečnega mehurja, smo iz-
vedli XBC in citološko preiskavo. Rezultate smo primerjali z izvidom cistoskopije ter histopatološkim izvidom 
po transuretralni resekciji tumorjev sečnega mehurja.
Rezultati. Za napovedovanje malignega histopatološkega izvida so bile občutljivost, specifičnost in 
negativna napovedna vrednost 76,9 %; 97,5 % in 93,0 % za test XBC ter 38,4 %; 97,5 %; 83.3 % za citološko 
preiskavo urina. Za napovedovanje sumljivega cistoskopskega izvida so bile občutljivost, specifičnost in 
negativna napovedna vrednost 75,0 %; 95,2 % in 93;0 % za test XBC ter 41,7 %; 97,6 %; 85,4 % za citološko 
preiskavo urina. Občutljivost testa XBC za papilarni urotelialni tumor nizkega malignega potenciala, za 
tumorje nizkega in za tumorje visokega gradusa je bila 0,0 %; 66,7 % in 100,0 %, občutljivost citološke pre-
iskave urina pa 0,0 %; 66,7 % in 42,9 %.
Zaključki. Test XBC ima pomembno višjo skupno občutljivost in negativno napovedno vrednost kot 
citološka preiskava urina. Tako omogoča povečanje časovnega razmika med kontrolnimi cistoskopijami. 
Kombinacija testa XBC in citološke preiskave urina ne izboljša napovedne vrednosti testa XBC.
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Napovedni dejavniki pri pooperativni 
radioterapiji raka prostate. Izkušnje 
terciarnega centra
Miszczyk M, Majewski W, Stawiski K, Rasławski K, Rajwa P, Jabłońska I, Magrowski L,  
Masri O, Paradysz A, Miszczyk L 

Izhodišča. Namen raziskave je bil analizirati napovedne dejavnike pri pooperativni radioterapiji raka 
prostate in izdelati nomogram za preživetje brez bolezni.
Bolniki in metode. V retrospektivno raziskavo smo med leti 2009 in 2014 vključili 236 zaporednih bolni-
kov iz terciarne ustanove. Vsi bolniki so imeli rak prostate ter smo jih zdravili z radikalno prostatektomijo, ki ji 
je sledila radioterapija. Osnovni cilj je bil ugotoviti preživetje brez bolezni, naredili smo uni- in mulitvariatno 
analizo, preživetvene krivulje po Kaplan-Meireju, test log-rank, analizo rekurzivno podanih zaporedij ter 
izdelali nomogram.
Rezultati. Srednji čas sledenja bolnikov je bil 62,3 mesecev (interkvartilni razmik 38,1–79 mesecev). 
Neodvisni klinični dejavniki, ki so v mulitvariatni analizi prispevali k povišanemu tveganju za ponovitev ali 
napredovanje bolezni, so bili vrednost PSA pred radioterapijo, stadij pT3 in lokalni recidiv kot indikacija 
za rešilno zdravljenje. Velikost padca vrednosti PSA je imela pomemben vpliv na tveganje za biokemični 
neuspeh zdravljenja. Biokemična kontrola bolezni in preživetje brez bolezni sta se pomembno razlikovala 
glede na indikacijo za zdravljenje (p < 0,0001). Analiza rekurzivno podanih zaporedij je izpostavila pomen 
vrednosti PSA pred radioterapijo, stopnje po Gleasonu, padca vrednosti PSA in lokalnega recidiva kot 
indikacije za rešilno zdravljenje. Razvili smo nomogram za preživetje brez bolezni, ki je dosegljiv na https://
apps.konsta.com.pl/app/prostate-salvage-dfs/.
Zaključki. Vrednost PSA pred radioterapijo, stadij pT3 in lokalni recidiv kot indikacija za rešilno zdravlje-
nje so najpomembnejši napovedni dejavniki, ki zvišujejo tveganje za ponovitev ali napredovanje bolezni. 
Stopnja po Gleasonu 4–5 in padec vrednosti PSA dovoljujeta nadaljnjo stratifikacijo tveganja. Rezultati 
zdravljenja s pooperativnim obsevanjem raka prostate se pomembno razlikujejo glede na indikacijo za 
zdravljenje. Izdelali smo spletni nomogram, ki omogoča vpogled v spreminjanje napovedi poteka bole-
zni v odvisnosti od kliničnih podatkov.
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Globoki zadržani vdih zmanjša srednjo sevalno 
dozo na srce pri obsevanju raka leve dojke
Falco M, Masojć B, Macała A, Łukowiak M, Woźniak P, Malicki J

Izhodišča. Pri bolnice z rakom leve dojke, ki smo jih obsevali, je nevarnost, da se bo razvila z obsevanjem 
povzročena srčno-žilna bolezen, dokaj resna. Skušamo se ji izogniti z izboljšanimi protokoli za načrtova-
njem obsevanja, tehnikami dihalnega proženja, vključno z globokim zadržanim vdihom. Več dozime-
tričnih raziskav je pokazalo, da globoki zadržani vdih zmanjša sevalno dozo na srce, vendar so klinični 
podatki skopi. Namen pričujoče raziskave je bil primerjati srednjo dozo na srce pri bolnicah z rakom leve 
dojke, ki smo jih obsevali ob neproženem prostem dihanju, proženem prostem dihanju ali globokem 
zadržanem vdihu.
Bolniki in metode. V retrospektivno raziskavo smo vključili 2022 bolnic, ki smo jih zaradi raka dojke obse-
vali na Onkološkem centru Zahodnega Pomeranja od 1. januarja 2014 do 31. decembra 2017. Primerjali 
smo srednjo sevalno dozo na srce glede na obdobje, ko smo bolnice obsevali, in glede na obsevalno 
tehniko. 
Rezultati. Srednja sevalna doza na srce pri vseh bolnicah z rakom leve dojke je bila 3,37 Gy. Srednja 
doza na srce je bila pri bolnicah obsevanimi ob globokem zadržanem vdihu značilno nižja kot pri bolni-
cah obsevanimi ob neproženem prostem dihanju (2,1 vs. 3,48 Gy; p < 0,0001) ali ob proženem prostem 
dihanju (3,28 Gy: p < 0,0001). Najnižjo srednjo sevalno dozo na srce smo ugotovili v 4-letnem obdobju 
(do leta 2017), ko smo skoraj 85 % bolnic obsevali ob globokem zadržanem vdihu. Delež bolnic, ki je bil 
izpostavljen visoki srenji sevalni dozi na srce (> 4 Gy) se je vsako leto zmanjševal, od 40 % v letu 2014 do 
7,9 % v letu 2017, med tem ko se je delež bolnic obsevanih ob globokem zadržanem vdihu povečeval.
Zaključki. Primerjava obsevanja ob neproženem in proženem prostem dihanju ter obsevanja ob glo-
bokem zadržanem vdihu je pokazala, da smo s slednjo tehniko zmanjšali srednjo sevalno dozo na srce 
pri bolnicah z rakom leve dojke. Tako podpira uvedbo in uporabo tehnike obsevanja ob globokem 
zadržanem vdihu v klinično prakso.
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Rezultati postopkov IVF/ICSI pri moških 
onkoloških bolnikih. Retrospektivna analiza 
postopkov iz obdobja 2004–2018
Burnik Papler T, Vrtačnik-Bokal E, Drobnič S; Štimpfel M

Izhodišča. Ohranjanje plodnosti predstavlja pomemben vidik kakovosti življenja onkoloških bolnikov 
po koncu zdravljenja. Pri moških plodnost ohranjamo z zamrzovanjem semena pred pričetkom zdravlje-
nja. Izidi postopkov zunajtelesne oploditve so pri zdravih neplodnih parih primerljivi, ne glede na to ali 
uporabimo sveže ali odmrznjeno seme. Podatkov o izidih postopkov zunajtelesne oploditve pri moških 
onkoloških bolnikih ni veliko. 
Bolniki in metode. V retrospektivni raziskavi smo analizirali izide postopkov zunajtelesne oploditve (an-
gl. in vitro fertilization / intracytoplasmic sperm injection; IVF/ICSI) pri neplodnih parih, katerih moški je bil 
v preteklosti zdravljen zaradi raka. Nadalje smo primerjali izide postopkov zunajtelesne oploditve glede 
na uporabljeno vrsto semena. 
Rezultati. Analizirali smo 214 postopkov zunajtelesne oploditve opravljenih v letih 2004–2018. Stopnja 
zanositve (zamrznjeno vs. sveže seme; 30,0 % vs. 21,4 %; p = 0,12) in stopnja porodov (22,3 % vs. 17,9 %; 
p = 0,43) izračunana na aspiracijo jajčnih celic se nista razlikovali. Deleža uporabnih (48,9 % vs. 40,0 %; 
p = 0,006) in zamrznjenih zarodkov (17,3 % vs. 12,7 %; p=0,048) sta bila statistično pomembno višja v 
skupini bolnikov, kjer smo uporabili zamrznjeno seme. Kumulativna stopnja zanositve je bila statistično 
pomembno višja v skupini bolnikov z uporabljenim zamrznjenim semenom (60,6 % vs. 37,7 %; p = 0,012). 
Kumulativna stopnja porodov se med skupinama ni statistično pomembno razlikovala (45,1 % vs. 34,0 %; 
p = 0,21). 
Zaključki. Izhod (zanositev, porod) svežih postopkov zunajtelesne oploditve je podoben ne glede na 
to ali uporabimo odmrznjeno ali sveže seme moških, ki so bili v preteklosti zdravljeni zaradi raka. Deleža 
uporabnih in zamrznjenih zarodkov sta bila statistično pomembno višja, če je bilo uporabljeno zamrznje-
no seme, kar je tudi vodilo v večje število parov, ki so po takem postopku prišli vsaj do ene zanositve.
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Primerjava večkatetrne intersticijske 
brahiterapije in CyberKnifa pri pospešenem 
delnem obsevanju dojk. Načrtovanje obsevanj 
z upoštevanjem sevalne doze na rizične organe 
Herein A, Stelczer G, Pesznyák C, Fröhlich G, Smanykó V, Mészáros N, Polgár C, Major T

Izhodišča. Namen raziskave je bil dozimetrično primerjati večkatetrno intersticijsko brahiterapijo in ste-
reotaktično radioterapijo s CyberKnifom pri pospešenem delnem obsevanju dojk in upoštevanju sevalne 
doze na rizične organe.
Materiali in metode. Pri 32 bolnicah smo primerjali obsevalne načrte za dvoje obsevalnih tehnik, za 
večkatetrno intersticijsko brahiterapijo in za CyberKnif. Bolnicam smo obsevali levo dojko. Med rizične 
organe smo vključili istostransko dojko (predele dojke izven načrtovalnega volumna) in nasprotno dojko, 
istostranske in nasprotne dele pljuč, predele kože, reber in srca. Obsevalni režim je bil enak pri obeh ob-
sevalnih tehnikah (4 x 6,25 Gy). Iz dozno-volumskih histogramov smo izračunali relativne volumne (V100 
in V90), ki so prejeli 100 % in 90 % predpisane doze ter relativno dozo (D0,1 cm3 in D1 cm3), ki so jo prejeli 
najbolj izpostavljeni deli tkiva majhnih volumnov (0,1 cm3 in 1 cm3). Vse dozne vrednosti smo izračunali 
relativno glede na predpisano dozo 25 Gy.
Rezultati. Pri istostranski dojki (deli izven načrovalnega volumna) so bili rezultati s CyberKnifom nekoliko 
boljši kot pri obsevanju z večkatetrno intersticijsko brahiterapijo: V100 = 0,7 % in V50 = 10,5 % vs. V100 = 
1,6 % in V50 = 12,9 %. Povprečna doza istostranskih delov pljuč je bila enaka (4,9 %) ne glede na upora-
bljeno obsevalno tehniko, medtem ko so bile doze na majhne volumne nižje pri večkatetrni intersticijski 
brahiterapiji (36,1 %) v primerjavi s CyberKnifom (45,4 %). Varovanje kože in reber je bilo boljše pri tehniki 
večkatetrne intersticijske brahiterapije. Pri dozno-volumskih parametrih za srce nismo našli pomembnih 
razlik med obema tehnikama, je pa bil nekoliko večji volumen obsevan s 5 % dozo pri večkatetrni inter-
sticijski brahiterapiji. Nasprotna dojka in nasprotni deli pljuč so prejeli višjo dozo z večkatetrno intersticijsko 
brahiterapijo (D1 cm3 = 2,6 % vs. D1 cm3 = 3,6 %) v primerjavi s CyberKnifom (D1 cm3 = 1,8 % vs. D1 cm3 
= 2,5 %).
Zaključki. Tarčne volumne pri dojki lahko dobro obsevamo z obema obsevalnima tehnikama. Z njima 
dosežemo podobno dozno porazdelitev in visoko konformnost. Doza v delih istostranske dojke, v srcu 
in v nasprotno ležečih organih je bila ugodnejša pri obsevalni tehniki s CyberKnifom, medtem ko so 
bližnji organi (koža, rebra, istostranski deli pljuč) prejeli nižjo dozo ob uporabi večkatetrne intersticijske 
brahiterapije. Čeprav so bile dozimetrične razlike pri opazovanih parametrih majhne, so bile statistično 
pomembne. Za oceno klinične relevantnosti dozimetričnih razlik med obema obsevalnima tehnika so 
potrebne dodatne raziskave.
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Vzpostavitev tipičnih vrednosti produkta 
kerme in ploščine slikovnega polja za 
travmatološke operacijske posege
Škrk D, Petek K, Pekarovič D, Mekiš N

Izhodišča. Namen raziskave je bil vzpostavitev tipičnih vrednosti produkta kerme in ploščine slikovnega 
polja za najbolj pogoste travmatološke operacijske posege in primerjava le teh s tipičnimi vrednostmi 
primerljivih raziskav. Prav tako smo primerjali izpostavljenost pacientov glede na uporabljeno tehnologijo 
za zajem diaskopske slike (klasičen ojačevalnik slike ali ploski detektor).
Materiali in metode. V analizo so bili vključeni podatki petih najbolj pogostih travmatoloških operacij-
skih posegov, ki so bili izvedeni v Univerzitetnem kliničnem centru Ljubljana. Skupno smo zbrali podatke 
za 199 operacij, izvedenih v časovnem obdobju od decembra 2016 do junija 2017. Zbrali smo podatke 
za naslednje posege: vstavitev dinamičnega kolčnega vijaka – DHS (n=40), vstavitev proksimalnega ste-
gneničnega žeblja – PFN (n=23), vstavitev proksimalnega nadlahtičnega žeblja – PHN (n=20), vstavitev 
delne kolčne endorpoteze – PEP (n=77) in perkutana posteriorna fiksacija hrbtenice – PPS (n=39). Na 
podlagi pridobljenih podatkov smo izračunali mediano in povprečje za vrednosti produkta kerme v zraku 
in ploščine slikovnega polja (KAP) ter povprečje in mediano za čas diaskopije. 
Rezultati. Ugotovili smo da srednja vrednost (mediana) KAP-a pri vstavitvi dinamičnega kolčnega vija-
ka znaša 0,52 Gycm2, za vstavitev proksimalnega stegneničnega žeblja je mediana znašala 0,53 Gycm2. 
Mediana je pri operacijskem posegu vstavitve proksimalnega nadlahtičnega žeblja znašala 0,26 Gycm2. 
Za operativni poseg vstavitve delne kolčne endoproteze in perkutano posteriorno fiksacija hrbtenice smo 
rezultate predstavili za vsako uporabljeno tehnologijo posebej. Za PEP je bila vrednost mediane pri upo-
rabi ploskega detektorja 0,08 Gycm2, pri uporabi klasičnega ojačevalnika slike pa je mediana znašala 
0,21 Gycm2. Pri operacijskem posegu PPS pa je bila vrednost mediane pri uporabi ploskega detektorja 
1.26 Gycm2, pri uporabi klasičnega ojačevalnika slike pa je bila vrednost mediane 3,98 Gycm2.
Zaključki. Postavitev tipičnih vrednosti sevalnih veličin za travmatološke operacijske posege so po-
membno orodje pri postopkih optimizacije izpostavljenosti pacientov kot tudi pri izvedbi  kliničnih presoj.
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predpisovanjem zdravila Verzenios si preberite zadnji veljavni Povzetek glavnih značilnosti zdravil. Podrobne informacije o zdravilu so objavljene na spletni 
strani Evropske agencije za zdravila http://www.ema.europa.eu

Reference: 
1. Povzetek glavnih značilnosti zdravila Verzenios. Datum zadnje revizije besedila: 16.1.2020. 2. Povzetek glavnih značilnosti zdravila Ibrance. Dostop preverjen 10.4.2020. 
3. Povzetek glavnih značilnosti zdravila Kisqali. Dostop preverjen 10.4.2020.

Eli Lilly farmacevtska družba, d.o.o., Dunajska cesta 167, 1000 Ljub lja na, te le fon 01 / 580 00 10, faks 01 / 569 17 05
PP-AL-SI-0059, 20.04.2020, Samo za strokovno javnost.

SKRAJŠAN POVZETEK GLAVNIH ZNAČILNOSTI ZDRAVILA

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da 
poročajo o katerem koli domnevnem neželenem učinku zdravila. Glejte poglavje 4.8, kako poročati o neželenih učinkih. 
IME ZDRAVILA: Verzenios 50 mg/100 mg/150 mg filmsko obložene tablete KAKOVOSTNA IN KOLIČINSKA SESTAVA: Ena filmsko obložena tableta vsebuje 50 mg/100 mg/150 
mg abemacikliba. Ena filmsko obložena tableta vsebuje 14 mg/28 mg/42 mg laktoze (v obliki monohidrata). Terapevtske indikacije: Zdravilo Verzenios je indicirano za zdravljenje 
žensk z lokalno napredovalim ali metastatskim, na hormonske receptorje (HR – Hormone Receptor) pozitivnim in na receptorje humanega epidermalnega rastnega faktorja 2 
(HER2 – Human Epidermal Growth Factor Receptor 2) negativnim rakom dojk v kombinaciji z zaviralcem aromataze ali s fulvestrantom kot začetnim endokrinim zdravljenjem 
ali pri ženskah, ki so prejele predhodno endokrino zdravljenje. Pri ženskah v pred- in perimenopavzi je treba endokrino zdravljenje kombinirati z agonistom gonadoliberina 
(LHRH – Luteinizing Hormone–Releasing Hormone). Odmerjanje in način uporabe: Zdravljenje z zdravilom Verzenios mora uvesti in nadzorovati zdravnik, ki ima izkušnje 
z uporabo zdravil za zdravljenje rakavih bolezni. Zdravilo Verzenios v kombinaciji z endokrinim zdravljenjem: Priporočeni odmerek abemacikliba je 150 mg dvakrat na dan, 
kadar se uporablja v kombinaciji z endokrinim zdravljenjem. Zdravilo Verzenios je treba jemati, dokler ima bolnica od zdravljenja klinično korist ali do pojava nesprejemljive 
toksičnosti. Če bolnica bruha ali izpusti odmerek zdravila Verzenios, ji je treba naročiti, da naj naslednji odmerek vzame ob predvidenem času; dodatnega odmerka ne sme 
vzeti. Obvladovanje nekaterih neželenih učinkov lahko zahteva prekinitev in/ali zmanjšanje odmerka. Zdravljenje z abemaciklibom prekinite v primeru povišanja vrednosti AST 
in/ali ALT >3 x ZMN SKUPAJ s celokupnim bilirubinom > 2,0 x ZMN v odsotnosti holestaze ter pri bolnicah z intersticijsko pljučno boleznijo (ILD)/pnevmonitis stopnje 3 ali 4. 
Sočasni uporabi močnih zaviralcev CYP3A4 se je treba izogibati. Če se uporabi močnih zaviralcev CYP3A4 ni mogoče izogniti, je treba odmerek abemacikliba znižati na 100 
mg dvakrat na dan. Pri bolnicah, pri katerih je bil odmerek znižan na 100 mg abemacikliba dvakrat na dan in pri katerih se sočasnemu dajanju močnega zaviralca CYP3A4 ni 
mogoče izogniti, je treba odmerek abemacikliba dodatno znižati na 50 mg dvakrat na dan. Pri bolnicah, pri katerih je bil odmerek znižan na 50 mg abemacikliba dvakrat na 
dan in pri katerih se sočasnemu dajanju močnega zaviralca CYP3A4 ni mogoče izogniti, je mogoče z odmerkom abemacikliba nadaljevati ob natančnem spremljanju znakov 
toksičnosti. Alternativno je mogoče odmerek abemacikliba znižati na 50 mg enkrat na dan ali prekiniti dajanje abemacikliba. Če je uporaba zaviralca CYP3A4 prekinjena, je 
treba odmerek abemacikliba povečati na odmerek, kakršen je bil pred uvedbo zaviralca CYP3A4 (po 3–5 razpolovnih časih zaviralca CYP3A4). Prilagajanje odmerka glede 
na starost in pri bolnicah z blago ali zmerno ledvično okvaro ter z blago (Child Pugh A) ali zmerno (Child Pugh B) jetrno okvaro ni potrebno. Pri dajanju abemacikliba bolnicam 
s hudo ledvično okvaro sta potrebna previdnost in skrbno spremljanje glede znakov toksičnosti. Način uporabe: Zdravilo Verzenios je namenjeno za peroralno uporabo. Od-
merek se lahko vzame s hrano ali brez nje. Zdravilo se ne sme jemati z grenivko ali grenivkinim sokom. Bolnice naj odmerke vzamejo vsak dan ob približno istem času. Tableto 
je treba zaužiti celo (bolnice je pred zaužitjem ne smejo gristi, drobiti ali deliti). Kontraindikacije: Preobčutljivost na učinkovino ali katero koli pomožno snov. Posebna opozorila 
in previdnostni ukrepi: Pri bolnicah, ki so prejemale abemaciklib, so poročali o nevtropeniji, o večji pogostnosti okužb kot pri bolnicah, zdravljenih s placebom in endokrinim 
zdravljenjem, o povečanih vrednostih ALT in AST. Pri bolnicah, pri katerih se pojavi nevtropenija stopnje 3 ali 4, je priporočljivo prilagoditi odmerek. Bolnice je treba spremljati 
za znake in simptome globoke venske tromboze in pljučne embolije ter jih zdraviti, kot je medicinsko utemeljeno. Glede na povečanje vrednosti ALT ali AST je mogoče pot-
rebna prilagoditev odmerka. Driska je najpogostejši neželeni učinek. Bolnice je treba ob prvem znaku tekočega blata začeti zdraviti z antidiaroiki, kot je loperamid, povečati 
vnos peroralnih tekočin in obvestiti zdravnika. Sočasni uporabi induktorjev CYP3A4 se je treba izogibati zaradi tveganja za zmanjšano učinkovitost abemacikliba. Bolnice z 
redkimi dednimi motnjami, kot so intoleranca za galaktozo, popolno pomanjkanje laktaze ali malapsorpcija glukoze/galaktoze, tega zdravila ne smejo jemati. Bolnice spremljajte 
glede pljučnih simptomov, ki kažejo na ILD/pnevmonitis, in jih ustrezno zdravite. Glede na stopnjo ILD/pnevmonitisa je morda potrebno prilagajanje odmerka abemacikliba. 
Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Abemaciklib se primarno presnavlja s CYP3A4. Sočasna uporaba abemacikliba in zaviralcev CYP3A4 
lahko poveča plazemsko koncentracijo abemacikliba. Uporabi močnih zaviralcev CYP3A4 sočasno z abemaciklibom se je treba izogibati. Če je močne zaviralce CYP3A4 treba 
dajati sočasno, je treba odmerek abemacikliba zmanjšati, nato pa bolnico skrbno spremljati glede toksičnosti. Pri bolnicah, zdravljenih z zmernimi ali šibkimi zaviralci CYP3A4, 
ni potrebno prilagajanje odmerka, vendar jih je treba skrbno spremljati za znake toksičnosti. Sočasni uporabi močnih induktorjev CYP3A4 (vključno, vendar ne omejeno na: 
karbamazepin, fenitoin, rifampicin in šentjanževko) se je treba izogibati zaradi tveganja za zmanjšano učinkovitost abemacikliba. Abemaciklib in njegovi glavni aktivni presnovki 
zavirajo prenašalce v ledvicah, in sicer kationski organski prenašalec 2 (OCT2) ter prenašalca MATE1. In vivo lahko pride do medsebojnega delovanja abemacikliba in klinično 
pomembnih substratov teh prenašalcev, kot je dofelitid ali kreatinin. Trenutno ni znano, ali lahko abemaciklib zmanjša učinkovitost sistemskih hormonskih kontraceptivov, zato 
se ženskam, ki uporabljajo sistemske hormonske kontraceptive, svetuje, da hkrati uporabljajo tudi mehansko metodo. Neželeni učinki: Najpogostejši neželeni učinki so driska, 
okužbe, nevtropenija, anemija, utrujenost, navzea, bruhanje in zmanjšanje apetita. Zelo pogosti: okužbe, nevtropenija, levkopenija, anemija, trombocitopenija, driska, bruhanje, 
navzea, zmanjšanje apetita, disgevzija, omotica, alopecija, pruritus, izpuščaj, utrujenost, pireksija, povečana vrednost alanin-aminotransferaze, povečana vrednost aspartat-a-
minotransferaze Pogosti: limfopenija, povečano solzenje, venska trombembolija, intersticijska pljučna bolezen (ILD)/pnevmonitis, suha koža, mišična šibkost Občasni: febrilna 
nevtropenija Rok uporabnosti: 3 leta Posebna navodila za shranjevanje: Za shranjevanje zdravila niso potrebna posebna navodila. Imetnik dovoljenja za promet z zdravilom: 
Eli Lilly Nederland B.V., Papendorpseweg 83, 3528BJ, Utrecht, Nizozemska. Datum prve odobritve dovoljenja za promet: 27. september 2018 Datum zadnje revizije besedila: 
16 .1.2020 Režim izdaje: Rp/Spec - Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega področja medicine ali od njega pooblaščenega zdravnika. 
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Referenca: 1. Keytruda EU SmPC

SKRAJŠAN POVZETEK GLAVNIH ZNAČILNOSTI ZDRAVILA • Pred predpisovanjem, 
prosimo, preberite celoten Povzetek glavnih značilnosti zdravila! • Ime zdravila:
KEYTRUDA 25 mg/ml koncentrat za raztopino za infundiranje vsebuje pembrolizumab. 
Terapevtske indikacije: Zdravilo KEYTRUDA je kot samostojno zdravljenje indicirano za 
zdravljenje: napredovalega (neoperabilnega ali metastatskega) melanoma pri odraslih; 
za adjuvantno zdravljenje odraslih z melanomom v stadiju III, ki se je razširil na bezgavke, 
po popolni kirurški odstranitvi; metastatskega nedrobnoceličnega pljučnega raka 
(NSCLC) v prvi liniji zdravljenja pri odraslih, ki imajo tumorje z ≥ 50 % izraženostjo PD-L1 
(TPS) in brez pozitivnih tumorskih mutacij EGFR ali ALK; lokalno napredovalega ali me-
tastatskega NSCLC pri odraslih, ki imajo tumorje z ≥ 1 % izraženostjo PD-L1 (TPS) in so bili 
predhodno zdravljeni z vsaj eno shemo kemoterapije, bolniki s pozitivnimi tumorskimi 
mutacijami EGFR ali ALK so pred prejemom zdravila KEYTRUDA morali prejeti tudi tarčno 
zdravljenje; odraslih in pediatričnih bolnikov, starih 3 leta ali več, s ponovljenim ali neod-
zivnim klasičnim Hodgkinovim limfomom (cHL), pri katerih avtologna presaditev matič-
nih celic (ASCT) ni bila uspešna, ali po najmanj dveh predhodnih zdravljenjih kadar ASCT 
ne pride v poštev kot možnost zdravljenja; lokalno napredovalega ali metastatskega uro-
telijskega raka pri odraslih, predhodno zdravljenih s kemoterapijo, ki je vključevala plati-
no; lokalno napredovalega ali metastatskega urotelijskega raka pri odraslih, ki niso pri-
merni za zdravljenje s kemoterapijo, ki vsebuje cisplatin in imajo tumorje z izraženostjo 
PD-L1 ≥ 10, ocenjeno s kombinirano pozitivno oceno (CPS); ponovljenega ali metastat-
skega ploščatoceličnega raka glave in vratu (HNSCC) pri odraslih, ki imajo tumorje z ≥ 50 
% izraženostjo PD-L1 (TPS), in pri katerih je bolezen napredovala med zdravljenjem ali po 
zdravljenju s kemoterapijo, ki je vključevala platino in za prvo linijo zdravljenja metastat-
skega kolorektalnega raka z visoko mikrosatelitsko nestabilnostjo (MSI-H – microsatellite 
instability-high) ali s pomanjkljivim popravljanjem neujemanja pri podvojevanju DNA 
(dMMR - mismatch repair de� cient) pri odraslih. Zdravilo KEYTRUDA je kot samostojno 
zdravljenje ali v kombinaciji s kemoterapijo s platino in 5-� uorouracilom (5-FU) indicirano 
za prvo linijo zdravljenja metastatskega ali neoperabilnega ponovljenega ploščatocelič-
nega raka glave in vratu pri odraslih, ki imajo tumorje z izraženostjo PD-L1 s CPS ≥ 1. 
Zdravilo KEYTRUDA je v kombinaciji s pemetreksedom in kemoterapijo na osnovi platine 
indicirano za prvo linijo zdravljenja metastatskega neploščatoceličnega NSCLC pri odra-
slih, pri katerih tumorji nimajo pozitivnih mutacij EGFR ali ALK; v kombinaciji s karbopla-
tinom in bodisi paklitakselom bodisi nab-paklitakselom je indicirano za prvo linijo 
zdravljenja metastatskega ploščatoceličnega NSCLC pri odraslih; v kombinaciji z aksitini-
bom je indicirano za prvo linijo zdravljenja napredovalega raka ledvičnih celic (RCC) pri 
odraslih. Odmerjanje in način uporabe: Testiranje PD-L1 pri bolnikih z NSCLC, urotelij-
skim rakom ali HNSCC: Za samostojno zdravljenje z zdravilom KEYTRUDA je priporočljivo 
opraviti testiranje izraženosti PD-L1 tumorja z validirano preiskavo, da izberemo bolnike z 
NSCLC ali predhodno nezdravljenim urotelijskim rakom. Bolnike s HNSCC je treba za sa-
mostojno zdravljenje z zdravilom KEYTRUDA ali v kombinaciji s kemoterapijo s platino in 
5-� uorouracilom (5-FU) izbrati na podlagi izraženosti PD-L1, potrjene z validirano preiska-
vo. Testiranje MSI-H/dMMR pri bolnikih s CRC: Za samostojno zdravljenje z zdravilom 
KEYTRUDA je priporočljivo opraviti testiranje MSI-H/dMMR statusa tumorja z validirano 
preiskavo, da se izbere bolnike s CRC. Odmerjanje: Priporočeni odmerek zdravila KEYTRU-
DA za samostojno zdravljenje pri odraslih je bodisi 200 mg na 3 tedne ali 400 mg na 6 
tednov, apliciran z intravensko infuzijo v 30 minutah. Priporočeni odmerek zdravila 
KEYTRUDA za samostojno zdravljenje pri pediatričnih bolnikih s cHL, starih 3 leta ali več, 
je 2 mg/kg telesne mase (do največ 200 mg) na 3 tedne, apliciran z intravensko infuzijo v 
30 minutah. Priporočeni odmerek za kombinirano zdravljenje pri odraslih je 200 mg na 3 
tedne, apliciran z intravensko infuzijo v 30 minutah. Za uporabo v kombinaciji glejte pov-
zetke glavnih značilnosti sočasno uporabljenih zdravil. Če se uporablja kot del kombinira-
nega zdravljenja skupaj z intravensko kemoterapijo, je treba zdravilo KEYTRUDA aplicirati 
prvo. Bolnike je treba zdraviti do napredovanja bolezni ali nesprejemljivih toksičnih učin-
kov. Pri adjuvantnem zdravljenju melanoma je treba zdravilo uporabljati do ponovitve 
bolezni, pojava nesprejemljivih toksičnih učinkov oziroma mora zdravljenje trajati do 
enega leta. Če je aksitinib uporabljen v kombinaciji s pembrolizumabom, se lahko razmisli 
o povečanju odmerka aksitiniba nad začetnih 5 mg v presledkih šest tednov ali več. Pri 
bolnikih starih ≥ 65 let, bolnikih z blago do zmerno okvaro ledvic, bolnikih z blago okvaro 
jeter prilagoditev odmerka ni potrebna. Odložitev odmerka ali ukinitev zdravljenja:
Zmanjšanje odmerka zdravila KEYTRUDA ni priporočljivo. Za obvladovanje neželenih 
učinkov je treba uporabo zdravila KEYTRUDA zadržati ali ukiniti, prosimo, glejte celoten 
Povzetek glavnih značilnosti zdravila. Kontraindikacije: Preobčutljivost na učinkovino ali 

katero koli pomožno snov. Povzetek posebnih opozoril, previdnostnih ukrepov, inte-
rakcij in neželenih učinkov: Imunsko pogojeni neželeni učinki (pnevmonitis, kolitis, he-
patitis, nefritis, endokrinopatije, neželeni učinki na kožo in drugi): Pri bolnikih, ki so preje-
mali pembrolizumab, so se pojavili imunsko pogojeni neželeni učinki, vključno s hudimi 
in smrtnimi primeri. Večina imunsko pogojenih neželenih učinkov, ki so se pojavili med 
zdravljenjem s pembrolizumabom, je bila reverzibilnih in so jih obvladali s prekinitvami 
uporabe pembrolizumaba, uporabo kortikosteroidov in/ali podporno oskrbo. Pojavijo se 
lahko tudi po zadnjem odmerku pembrolizumaba in hkrati prizadanejo več organskih 
sistemov. V primeru suma na imunsko pogojene neželene učinke je treba poskrbeti za 
ustrezno oceno za potrditev etiologije oziroma izključitev drugih vzrokov. Glede na izrazi-
tost neželenega učinka je treba zadržati uporabo pembrolizumaba in uporabiti kortikos-
teroide – za natančna navodila, prosimo, glejte Povzetek glavnih značilnosti zdravila 
Keytruda. Zdravljenje s pembrolizumabom lahko poveča tveganje za zavrnitev pri preje-
mnikih presadkov čvrstih organov. Pri bolnikih, ki so prejemali pembrolizumab, so poro-
čali o hudih z infuzijo povezanih reakcijah, vključno s preobčutljivostjo in ana� laksijo. 
Pembrolizumab se iz obtoka odstrani s katabolizmom, zato presnovnih medsebojnih 
delovanj zdravil ni pričakovati. Uporabi sistemskih kortikosteroidov ali imunosupresivov 
pred uvedbo pembrolizumaba se je treba izogibati, ker lahko vplivajo na farmakodina-
mično aktivnost in učinkovitost pembrolizumaba. Vendar pa je kortikosteroide ali druge 
imunosupresive mogoče uporabiti za zdravljenje imunsko pogojenih neželenih učinkov. 
Kortikosteroide je mogoče uporabiti tudi kot premedikacijo, če je pembrolizumab upora-
bljen v kombinaciji s kemoterapijo, kot antiemetično pro� lakso in/ali za ublažitev nežele-
nih učinkov, povezanih s kemoterapijo. Ženske v rodni dobi morajo med zdravljenjem s 
pembrolizumabom in vsaj še 4 mesece po zadnjem odmerku pembrolizumaba uporab-
ljati učinkovito kontracepcijo, med nosečnostjo in dojenjem se ga ne sme uporabljati. 
Varnost pembrolizumaba pri samostojnem zdravljenju so v kliničnih študijah ocenili pri 
6.185 bolnikih z napredovalim melanomom, kirurško odstranjenim melanomom v stadiju 
III (adjuvantno zdravljenje), NSCLC, cHL, urotelijskim rakom, HNSCC ali CRC s štirimi od-
merki (2 mg/kg na 3 tedne, 200 mg na 3 tedne in 10 mg/kg na 2 ali 3 tedne). V tej popula-
ciji bolnikov je mediani čas opazovanja znašal 7,6 mesece (v razponu od 1 dneva do 47 
mesecev), najpogostejši neželeni učinki zdravljenja s pembrolizumabom so bili utruje-
nost (32 %), navzea (21 %) in diareja (21 %). Večina poročanih neželenih učinkov pri samo-
stojnem zdravljenju je bila po izrazitosti 1. ali 2. stopnje. Najresnejši neželeni učinki so bili 
imunsko pogojeni neželeni učinki in hude z infuzijo povezane reakcije. Varnost pembroli-
zumaba pri kombiniranem zdravljenju s kemoterapijo so ocenili pri 1.067 bolnikih NSCLC 
ali HNSCC, ki so v kliničnih študijah prejemali pembrolizumab v odmerkih 200 mg, 2 mg/
kg ali 10 mg/kg na vsake 3 tedne. V tej populaciji bolnikov so bili najpogostejši neželeni 
učinki naslednji: anemija (50 %), navzea (50 %), utrujenost (37 %), zaprtost (35%), diareja 
(30 %), nevtropenija (30 %), zmanjšanje apetita (28 %) in bruhanje (25 %). Pri kombinira-
nem zdravljenju s pembrolizumabom je pri bolnikih z NSCLC pojavnost neželenih učin-
kov 3. do 5. stopnje znašala 67 %, pri zdravljenju samo s kemoterapijo pa 66 %, pri kombi-
niranem zdravljenju s pembrolizumabom pri bolnikih s HNSCC 85 % in pri zdravljenju s 
kemoterapijo v kombinaciji s cetuksimabom 84 %. Varnost pembrolizumaba v kombina-
ciji z aksitinibom so ocenili v klinični študiji pri 429 bolnikih z napredovalim rakom ledvič-
nih celic, ki so prejemali 200 mg pembrolizumaba na 3 tedne in 5 mg aksitiniba dvakrat 
na dan. V tej populaciji bolnikov so bili najpogostejši neželeni učinki diareja (54 %), hiper-
tenzija (45 %), utrujenost (38 %), hipotiroidizem (35 %), zmanjšan apetit (30 %), sindrom 
palmarno-plantarne eritrodisestezije (28 %), navzea (28 %), zvišanje vrednosti ALT (27 %), 
zvišanje vrednosti AST (26 %), disfonija (25 %), kašelj (21 %) in zaprtost (21 %). Pojavnost 
neželenih učinkov 3. do 5. stopnje je bila med kombiniranim zdravljenjem s pembroli-
zumabom 76 % in pri zdravljenju s sunitinibom samim 71 %. Za celoten seznam neželenih 
učinkov, prosimo, glejte celoten Povzetek glavnih značilnosti zdravila. Način in režim iz-
daje zdravila: H – Predpisovanje in izdaja zdravila je le na recept, zdravilo se uporablja 
samo v bolnišnicah. Imetnik dovoljenja za promet z zdravilom: Merck Sharp & Dohme 
B.V. , Waarderweg 39, 2031 BN Haarlem, Nizozemska.

Merck Sharp & Dohme inovativna zdravila d.o.o., 
Šmartinska cesta 140, 1000 Ljubljana, 

tel: +386 1/ 520 42 01, fax: +386 1/ 520 43 50; 
Pripravljeno v Sloveniji, april 2021; SI-KEY-00231 EXP: 04/2023
Samo za strokovno javnost.
H - Predpisovanje in izdaja zdravila je le na recept, zdravilo pa se uporablja samo 
v bolnišnicah. Pred predpisovanjem, prosimo, preberite celoten Povzetek glavnih 
značilnosti zdravila Keytruda, ki je na voljo  pri naših strokovnih sodelavcih ali na 
lokalnem sedežu družbe.

(pembrolizumab, MSD)
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UČINKOVITOST, KI OMOGOČA  
DALJŠE ŽIVLJENJE 

Prva in edina odobrena kombinacija z zaviralcem imunskih nadzornih točk za zdravljenje bolnikov  
z neresektabilnim hepatocelularnim karcinomom, ki je dokazala izboljšanje preživetja v primerjavi s sorafenibom. 

POVEZANI  Z  NAMENOM

Dodatne informacije so na voljo pri: Roche farmacevtska družba d.o.o., Stegne 13G, 1000 Ljubljana

TECENTRIQ  + AVASTIN®

Za to zdravilo se izvaja dodatno spremljanje varnosti. 
Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o katerem koli domnevnem neželenem učinku zdravila.  
Kako poročati o neželenih učinkih, si poglejte skrajšani povzetek glavnih značilnosti zdravila pod ‘’Poročanje o domnevnih neželenih učinkih’’.

Ime zdravila: Tecentriq 1200 mg koncentrat za raztopino za infundiranje. Kakovostna in količinska sestava: ena 20-ml viala s koncentratom vsebuje 1200 mg atezolizumaba. Po redčenju je končna koncentracija razredčene raztopine med 3,2 mg/ml in 16,8 mg/ml. Atezolizumab je humanizirano monoklonsko protitelo IgG1 z inženirsko 
obdelano domeno Fc, ki je pridobljeno iz celic jajčnika kitajskega hrčka s tehnologijo rekombinantne DNA in deluje na ligand za programirano celično smrt 1 (PD-L1). Terapevtske indikacije: Urotelijski karcinom: Zdravilo Tecentriq je kot monoterapija indicirano za zdravljenje odraslih bolnikov z lokalno napredovalim ali razsejanim 
urotelijskim karcinomom, ki: so bili predhodno zdravljeni s kemoterapijo na osnovi platine ali niso primerni za zdravljenje s cisplatinom in katerih tumorji izražajo PD-L1 v ≥ 5 %. Nedrobnocelični rak pljuč: Zdravilo Tecentriq je v kombinaciji z bevacizumabom, paklitakselom in karboplatinom indicirano kot prva linija zdravljenja odraslih 
bolnikov z razsejanim neploščatoceličnim nedrobnoceličnim rakom pljuč (NDRP). Pri bolnikih z EGFR mutiranim ali ALK pozitivnim NDRP je zdravilo Tecentriq v kombinaciji z bevacizumabom, paklitakselom in karboplatinom indicirano le, ko so izčrpana ustrezna tarčna zdravljenja. Zdravilo Tecentriq je kot monoterapija indicirano za zdravljenje 
odraslih bolnikov z lokalno napredovalim ali razsejanim NDRP, ki so bili predhodno zdravljeni s kemoterapijo. Bolniki z EGFR mutiranim ali ALK pozitivnim NDRP morajo pred uvedbo zdravila Tecentriq prejeti tudi tarčna zdravljenja. Zdravilo Tecentriq je v kombinaciji z nab-paklitakselom in karboplatinom indicirano kot prva linija zdravljenja 
odraslih bolnikov z razsejanim neploščatoceličnim NDRP, ki ni EGFR mutiran ali ALK pozitiven. Drobnocelični rak pljuč: Zdravilo Tecentriq je v kombinaciji s karboplatinom in etopozidom indicirano kot prva linija zdravljenja odraslih bolnikov z razsejanim drobnoceličnim rakom pljuč (DRP). Hepatocelularni karcinom: Zdravilo Tecentriq je v 
kombinaciji z bevacizumabom indicirano za zdravljenje odraslih bolnikov z napredovalim ali neresektabilnim hepatocelularnim karcinomom (HCC), ki predhodno še niso prejemali sistemskega zdravljenja. Odmerjanje in način uporabe: Zdravilo Tecentriq morajo uvesti in nadzorovati zdravniki z izkušnjami pri zdravljenju raka. Testiranje 
PD-L1 pri bolnikih z urotelijskim karcinomom: bolnike s predhodno nezdravljenim urotelijskim karcinomom je treba za zdravljenje izbrati na podlagi tumorskega izražanja PD-L1, potrjenega z validirano preiskavo. Odmerjanje: Zdravilo Tecentriq v monoterapiji: priporočeni odmerek zdravila Tecentriq je 1200 mg intravensko na vsake tri tedne. 
Zdravilo Tecentriq v kombinaciji: Prva linija zdravljenja neploščatoceličnega NDRP: Zdravilo Tecentriq v kombinaciji z bevacizumabom, paklitakselom in karboplatinom: Med uvodno fazo je priporočeni odmerek zdravila Tecentriq 1200 mg v intravenski infuziji, čemur sledijo bevacizumab, paklitaksel in nato karboplatin na tri tedne, skupno štiri ali šest ciklov. 
Uvodni fazi zdravljenja sledi faza vzdrževanja brez kemoterapije, med katero se na tri tedne uporabi zdravilo Tecentriq v odmerku 1200 mg v intravenski infuziji, ki mu sledi bevacizumab. Zdravilo Tecentriq v kombinaciji z nab-paklitakselom in karboplatinom: Med uvodno fazo je priporočeni odmerek zdravila Tecentriq 1200 mg v intravenski infuziji, 
čemur sledita nab-paklitaksel in nato karboplatin na vsake tri tedne, skupno štiri ali šest ciklov. Uvodni fazi zdravljenja sledi faza vzdrževanja brez kemoterapije, med katero se zdravilo Tecentriq v odmerku 1200 mg v intravenski infuziji aplicira na tri tedne. Prva linija zdravljenja razsejanega DRP: Zdravilo Tecentriq v kombinaciji s karboplatinom 
in etopozidom: Med uvodno fazo je 1. dan cikla priporočeni odmerek zdravila Tecentriq 1200 mg v intravenski infuziji, čemur sledita najprej karboplatin in nato etopozid v intravenski infuziji. Etopozid v intravenski infuziji se aplicira tudi 2. in 3. dan. Ta shema se aplicira na vsake tri tedne v skupno štirih ciklih. Uvodni fazi sledi faza vzdrževanja 
brez kemoterapije, med katero se zdravilo Tecentriq v odmerku 1200 mg v intravenski infuziji aplicira na tri tedne. Hepatocelularni karcinom: Zdravilo Tecentriq v kombinaciji z bevacizumabom: Priporočeni odmerek zdravila Tecentriq je 1200 mg, ki mu sledi bevacizumab 15 mg/kg telesne mase, dan z intravensko infuzijo vsake 3 tedne. Trajanje 
zdravljenja: zdravljenje z zdravilom Tecentriq je priporočljivo nadaljevati, dokler je klinično koristno ali dokler se ne pojavijo neobvladljivi toksični učinki. Prilagoditev odmerka med zdravljenjem: odmerkov zdravila Tecentriq ni priporočljivo zmanjševati. Zapoznitev odmerka ali prenehanje uporabe glede na neželeni učinek je opisano v SmPC . Način 
uporabe: zdravilo Tecentriq je namenjeno za intravensko uporabo. Infuzij se ne sme dajati kot hiter intravenski odmerek ali bolus. Začetni odmerek zdravila Tecentriq je treba dati v 60 minutah. Če bolnik prvo infuzijo dobro prenese, je mogoče vse nadaljnje infuzije dati v 30 minutah. Kontraindikacije: Preobčutljivost na atezolizumab ali 
katero koli pomožno snov. Posebna opozorila in previdnostni ukrepi: Sledljivost: Za izboljšanje sledljivosti bioloških zdravil je treba lastniško ime in številko serije uporabljenega zdravila jasno zabeležiti v bolnikovi dokumentaciji. Imunsko pogojeni neželeni učinki: Večina imunsko pogojenih neželenih učinkov, ki so se pojavili med 
zdravljenjem z atezolizumabom, je bila po prekinitvi atezolizumaba in uvedbi kortikosteroidov in/ali podpornega zdravljenja reverzibilna. Opazili so imunsko pogojene neželene učinke, ki vplivajo na več kot en organski sistem. Imunsko pogojeni neželeni učinki, povezani z atezolizumabom, se lahko pojavijo po zadnjem odmerku atezolizumaba. 
Pri sumu na imunsko pogojene neželene učinke je treba opraviti temeljito oceno za potrditev etiologije oziroma izključitev drugih vzrokov. Glede na izrazitost neželenega učinka je treba uporabo atezolizumaba odložiti in uvesti kortikosteroide. Atezolizumab je treba trajno prenehati uporabljati pri vseh imunsko pogojenih neželenih učinkih 
3. stopnje, ki se ponovijo, in pri vseh imunsko pogojenih neželenih učinkih 4. stopnje, z izjemo endokrinopatij, ki jih je mogoče nadzorovati z nadomestnimi hormoni. Bolnike je treba spremljati glede znakov in simptomov pnevmonitisa ter izključiti druge možne vzroke, razen imunsko pogojenega pnevmonitisa. Bolnike je treba spremljati 
glede znakov in simptomov hepatitisa. Vrednosti AST, ALT in bilirubina je treba spremljati pred začetkom zdravljenja z atezolizumabom, redno med zdravljenjem in kot je potrebno glede na klinično oceno. Bolnike je treba spremljati glede znakov in simptomov kolitisa in endokrinopatij, meningitisa ali encefalitisa. V primeru meningitisa ali 
encefalitisa je treba zdravljenje z atezolizumabom trajno ukiniti ne glede na njuno stopnjo. Bolnike je treba spremljati glede znakov in simptomov motorične in senzorične nevropatije. V primeru miastenijskega sindroma/miastenije gravis ali Guillain-Barréjevega sindroma je treba zdravljenje z atezolizumabom trajno prekiniti ne glede na 
njihovo stopnjo. Bolnike je treba nadzorovati glede znakov in simptomov, ki kažejo na akutni pankreatitis. Bolnike je treba nadzorovati glede znakov in simptomov, ki kažejo na miokarditis. Imunsko pogojeni nefritis: Bolnike je treba nadzorovati glede sprememb v delovanju ledvic. Bolnike je treba nadzorovati glede znakov in simptomov, ki 
kažejo na miozitis. Z infundiranjem povezane reakcije: pri zdravljenju z atezolizumabom so opažali z infundiranjem povezane reakcije. Pri bolnikih, ki imajo z infundiranjem povezane reakcije 1. ali 2. stopnje, je treba hitrost infundiranja zmanjšati ali zdravljenje prekiniti. Pri bolnikih, ki imajo z infundiranjem povezane reakcije 3. ali 4. stopnje, 
je treba zdravljenje z atezolizumabom trajno ukiniti. Bolniki, ki imajo z infundiranjem povezane reakcije 1. ali 2. stopnje, lahko še naprej prejemajo atezolizumab pod natančnim nadzorom; v poštev pride premedikacija z antipiretikom in antihistaminikom. Pri bolnikih, ki so prejemali atezolizumab, so poročali o imunsko pogojenih hudih kožnih 
neželenih učinkih, vključno s primeri Stevens-Johnsonovega sindroma (SJS) in toksične epidermalne nekrolize (TEN). Bolnike je treba spremljati glede sumov na hude kožne neželene učinke in izključiti druge vzroke. V primeru suma na hude kožne neželene učinke je treba bolnike napotiti k specialistu po nadaljnjo diagnozo in zdravljenje. 
Uporabo atezolizumaba je treba odložiti pri bolnikih s sumom na SJS ali TEN. Pri potrjenem SJS ali TEN je treba trajno prenehati z uporabo atezolizumaba. Bolniki, ki niso bili vključeni v klinična preskušanja: v klinična preskušanja niso bili vključeni bolniki z naslednjimi stanji: z anamnezo avtoimunske bolezni, pnevmonitisa, simptomatskimi 
možganskimi zasevki, okužbo z virusom HIV, hepatitisom B ali hepatitisom C, pomembnimi srčno-žilnimi boleznimi ter bolniki z nezadostnim hematološkim delovanjem in delovanjem končnih organov. Prav tako v klinična preskušanja niso bili vključeni bolniki, ki so bili v obdobju 28 dni pred vključitvijo v študijo cepljeni z živim oslabljenim 
cepivom, ki so v obdobju 4 tednov pred vključitvijo v študijo dobili sistemska imunostimulacijska sredstva ali v obdobju 2 tednov sistemska imunosupresivna zdravila ali so v obdobju 2 tednov pred začetkom študijskega zdravljenja prejemali zdravljenje s peroralnimi ali intravenskimi antibiotiki. Kartica za bolnika: Zdravnik, ki predpiše 
zdravilo, se mora z bolnikom pogovoriti o tveganjih zdravljenja z zdravilom Tecentriq. Bolniku je treba dati kartico za bolnika in mu naročiti, naj jo ima vedno pri sebi. Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Formalnih študij farmakokinetičnega medsebojnega delovanja zdravil z atezolizumabom niso izvedli. 
Ker se atezolizumab odstrani iz obtoka s katabolizmom, ni pričakovati presnovnih medsebojnih delovanj med zdravili. Uporabi sistemskih kortikosteroidov ali imunosupresivov se je pred uvedbo atezolizumaba treba izogibati, ker lahko vplivajo na farmakodinamično aktivnost in učinkovitost atezolizumaba. Vendar pa se sistemske 
kortikosteroide ali druge imunosupresive lahko uporabi po začetku zdravljenja z atezolizumabom za zdravljenje imunsko pogojenih neželenih učinkov. Neželeni učinki: Informacije o varnosti atezolizumaba v monoterapiji: najpogostejši neželeni učinki (> 10 %) so bili utrujenost, zmanjšan apetit, navzea, zvišana telesna temperatura, diareja, 
kašelj, izpuščaj, dispneja, mišično-skeletna bolečina, bolečina v hrbtu, bruhanje, srbenje, astenija, artralgija, okužba sečil in glavobol. Varnost atezolizumaba v kombinaciji z drugimi učinkovinami: najpogostejši neželeni učinki (≥ 20 %) so bili anemija, nevtropenija, navzea, utrujenost, trombocitopenija, diareja, izpuščaj, alopecija, zaprtost, 
zmanjšan apetit in periferna nevropatija. Poročanje o domnevnih neželenih učinkih: Poročanje o domnevnih neželenih učinkih zdravila po izdaji dovoljenja za promet je pomembno. Omogoča namreč stalno spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delavcev se zahteva, da poročajo o katerem koli domnevnem 
neželenem učinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske pripomočke, Sektor za farmakovigilanco, Nacionalni center za farmakovigilanco, Slovenčeva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-pošta: h-farmakovigilanca@jazmp.si, spletna stran: www.jazmp.si. Za 
zagotavljanje sledljivosti zdravila je pomembno, da pri izpolnjevanju obrazca o domnevnih neželenih učinkih zdravila navedete številko serije biološkega zdravila. Režim izdaje zdravila: H. Imetnik dovoljenja za promet: Roche Registration GmbH, Emil-Barell-Strasse 1, 79639 Grenzach-Wyhlen, Nemčija. Verzija: 2.0/21

Ime zdravila: Avastin 25 mg/ml koncentrat za raztopino za infundiranje. Kakovostna in količinska sestava: En ml koncentrata vsebuje 25 mg bevacizumaba. Ena 4-ml viala vsebuje 100 mg bevacizumaba. Ena 16-ml viala vsebuje 400 mg bevacizumaba. Terapevtske indikacije: v kombinaciji s kemoterapijo na osnovi fluoropirimidina za zdravljenje 
odraslih bolnikov z metastatskim rakom debelega črevesa in danke; v kombinaciji s paklitakselom za prvo linijo zdravljenja odraslih bolnikov z metastatskim rakom dojk;v kombinaciji s kapecitabinom za prvo linijo zdravljenja odraslih bolnikov z metastatskim rakom dojk, pri katerih zdravljenje z drugimi možnostmi kemoterapije, vključno s taksani 
ali antraciklini, ni primerno. Bolniki, ki so v okviru adjuvantnega zdravljenja v zadnjih 12 mesecih prejeli sheme, ki so vsebovale taksan ali antraciklin, se ne smejo zdraviti z zdravilom Avastin v kombinaciji s kapecitabinom; kot dodatek kemoterapiji, osnovani na platini, za prvo linijo zdravljenja odraslih bolnikov z inoperabilnim, napredovalim, 
metastatskim ali ponavljajočim se nedrobnoceličnim rakom pljuč (NDRP), ki nima prevladujoče ploščatocelične histologije; v kombinaciji z erlotinibom za prvo linijo zdravljenja odraslih bolnikov z inoperabilnim, napredovalim, metastatskim ali ponavljajočim se neskvamoznim NDRP z EGFR-aktivirajočimi mutacijami; v kombinaciji z interferonom 
alfa-2a za prvo linijo zdravljenja odraslih bolnikov z napredovalim in/ali metastatskim rakom ledvičnih celic; v kombinaciji s karboplatinom in paklitakselom za prvo zdravljenje odraslih bolnic z napredovalim epitelijskim rakom jajčnikov (Klasifikacija FIGO: stadij III B, III C in IV), karcinomom jajcevodov ali primarnim peritonealnim karcinomom; v 
kombinaciji s karboplatinom in gemcitabinom ali v kombinaciji s karboplatinom in paklitakselom za zdravljenje odraslih bolnic, pri katerih je prišlo do prve ponovitve epitelijskega raka jajčnikov, karcinoma jajcevodov ali primarnega peritonealnega karcinoma, občutljivega na platino, ki se še niso zdravile z bevacizumabom ali drugimi zaviralci VEGF 
ali zdravili, ki delujejo na receptor VEGF; v kombinaciji s paklitakselom, topotekanom ali pegiliranim liposomalnim doksorubicinom za zdravljenje odraslih bolnic s ponovitvijo epitelijskega raka jajčnikov, karcinoma jajcevodov ali primarnega peritonealnega karcinoma, rezistentnega na platino, ki so predhodno prejele največ dve shemi kemoterapije, 
z bevacizumabom ali drugimi zaviralci VEGF ali zdravili, ki delujejo na receptor VEGF, pa se še niso zdravile; za zdravljenje odraslih bolnic z rakom materničnega vratu, pri katerih je bolezen prisotna tudi po zaključenem primarnem zdravljenju, se je ponovila ali je metastatska, v kombinaciji s paklitakselom in cisplatinom ali, alternativno, s paklitakselom 
in topotekanom pri bolnicah, ki ne morejo dobivati zdravljenja s platino. Odmerjanje in način uporabe: Zdravilo Avastin je treba dajati pod nadzorom zdravnika z izkušnjami pri uporabi zdravil za zdravljenje novotvorb. Zmanjšanje odmerka zaradi neželenih učinkov ni priporočljivo. Če je indicirano, zdravljenje dokončno ukinemo ali začasno prekinemo. 
Način uporabe: Začetni odmerek je treba dajati v obliki intravenske infuzije 90 minut. Če je bolnik prvi odmerek dobro prenesel, lahko naslednjo infuzijo dajemo 60 minut. Če je bolnik tudi 60-minutno infuzijo dobro prenesel, lahko vse naslednje infuzije dajemo 30 minut. Zdravila se ne sme dajati kot hitro infuzijo ali bolus. Infuzije zdravila Avastin se ne 
sme dajati ali mešati skupaj z raztopinami glukoze. Metastatski rak debelega črevesa ali danke: Priporočeni odmerek zdravila Avastin je 5 mg/kg ali 10 mg/kg telesne mase v enkratnem odmerku vsaka 2 tedna ali 7,5 mg/kg ali 15 mg/kg telesne mase v enkratnem odmerku vsake 3 tedne. Metastatski rak dojk: Priporočeni odmerek zdravila Avastin je 10 mg/
kg telesne mase v enkratnem odmerku vsaka 2 tedna ali 15 mg/kg telesne mase v enkratnem odmerku vsake 3 tedne. Neskvamozni NDRP v prvi liniji zdravljenja: a) v kombinaciji s kemoterapijo na osnovi platine: Zdravilo Avastin dodajamo h kemoterapiji, osnovani na platini, do 6 ciklov, nato pa ga dajemo samostojno. Priporočeni odmerek zdravila Avastin je 
7,5 mg/kg ali 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. b) z EGFR-aktivirajočimi mutacijami v kombinaciji z erlotinibom: Pred začetkom zdravljenja je treba opraviti testiranje za določanje mutacij EGFR. Priporočeni odmerek zdravila Avastin je 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. Napredovali in/ali metastatski rak ledvičnih 
celic: Priporočeni odmerek zdravila Avastin je 10 mg/kg telesne mase v enkratnem odmerku vsaka 2 tedna. Epitelijski rak jajčnikov, karcinom jajcevodov in primarni peritonealni karcinom: Prvo zdravljenje: Zdravilo Avastin dodajamo karboplatinu in paklitakselu do 6 ciklov, nato pa ga dajemo samostojno do napredovanja bolezni ali do največ 15 mesecev oziroma 
do nesprejemljive toksičnosti, kar od tega nastopi prej. Priporočeni odmerek zdravila Avastin je 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. Zdravljenje ponovitve bolezni, občutljive na platino: zdravilo Avastin dajemo v kombinaciji bodisi s karboplatinom in gemcitabinom od 6 do največ 10 ciklov ali v kombinaciji s karboplatinom in paklitakselom 
od 6 do največ 8 ciklov, nato pa nadaljujemo z dajanjem zdravila Avastin samostojno do napredovanja bolezni. Priporočeni odmerek zdravila Avastin je 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. Zdravljenje ponovitve bolezni, ki je rezistentna na platino: zdravilo Avastin dajemo v kombinaciji z enim od naslednjih zdravil: paklitakselom, topotekanom 
ali pegiliranim liposomalnim doksorubicinom. Priporočeni odmerek zdravila Avastin je 10 mg/kg telesne mase v enkratnem odmerku  na 2 tedna. Kadar zdravilo Avastin dajemo v kombinaciji s topotekanom, je priporočeni odmerek zdravila Avastin 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. Rak materničnega vratu: Zdravilo Avastin se 
uporablja v kombinaciji z eno od naslednjih shem kemoterapije: paklitaksel in cisplatin ali paklitaksel in topotekan. Priporočeni odmerek zdravila Avastin je 15 mg/kg telesne mase v enkratnem odmerku na 3 tedne. Pediatrična populacija: Zdravilo Avastin ni odobreno za uporabo pri bolnikih, mlajših od 18 let. Priporočil o odmerjanju ni mogoče dati. 
Kontraindikacije: Preobčutljivost na učinkovino ali katerokoli pomožno snov, preobčutljivost za produkte ovarijskih celic kitajskega hrčka ali na druga rekombinantna humana ali humanizirana protitelesa, nosečnost. Posebna opozorila in previdnostni ukrepi: Sledljivost: z namenom izboljšanja sledljivosti bioloških zdravil, je treba jasno 
zabeležiti ime in številko serije uporabljenega zdravila. Perforacije in fistule prebavil: Bolniki so lahko izpostavljeni večjemu tveganju za nastanek perforacije prebavil in žolčnika, če se zdravijo z zdravilom Avastin. Vnetni proces znotraj trebušne votline je lahko dejavnik tveganja za perforacijo prebavil pri bolnikih z metastatskim rakom debelega črevesa 
ali danke, zato je med zdravljenjem teh bolnikov potrebna previdnost. Predhodno obsevanje je dejavnik tveganja za perforacije prebavil pri bolnicah z rakom materničnega vratu, pri katerih je bolezen prisotna tudi po zaključenem primarnem zdravljenju, se je ponovila ali je metastatska, in se zdravijo z zdravilom Avastin. Zdravljenje opustimo pri bolnikih, 
pri katerih se je pojavila perforacija prebavil. Fistule med prebavili in nožnico: Bolnice z rakom materničnega vratu, pri katerih je bolezen prisotna tudi po zaključenem primarnem zdravljenju, se je ponovila ali je metastatska, in se zdravijo z zdravilom Avastin, imajo večje tveganje za nastanek fistule med nožnico in katerim koli delom prebavil. Predhodno 
obsevanje je velik dejavnik tveganja za nastanek fistule med prebavili in nožnico. Ponovitev raka v območju predhodnega obsevanja je dodaten pomemben dejavnik tveganja za nastanek fistule med prebavili in nožnico. Fistule izven prebavil: Bolniki so lahko izpostavljeni večjemu tveganju za nastanek fistule, če se zdravijo z zdravilom Avastin. Zapleti pri 
celjenju ran: Zdravilo Avastin lahko neugodno vpliva na proces celjenja ran. Zdravljenja ne smemo začeti, če je od večje operacije minilo manj kot 28 dni ali dokler se kirurška rana popolnoma ne zaceli. Zdravljenje z zdravilom Avastin je treba pri bolnikih, pri katerih se razvije nekrotizirajoči fasciits, nemudoma prekiniti in takoj začeti z ustreznim 
zdravljenjem. Hipertenzija: Incidenca hipertenzije je bila večja pri bolnikih zdravljenih z zdravilom Avastin. Zdravilo Avastin dokončno opustimo, če klinično pomembne hipertenzije ni mogoče ustrezno uravnati z antihipertenzivnimi zdravili, ali če se je pri bolniku pojavila hipertenzivna kriza ali hipertenzivna encefalopatija. Sindrom posteriorne reverzibilne 
encefalopatije: Pri bolnikih, ki so se zdravili z zdravilom Avastin, so redko poročali o pojavu znakov in simptomov, povezanih s sindromom posteriorne reverzibilne encefalopatije. Proteinurija: Bolnike z anamnezo hipertenzije spremlja večje tveganje za razvoj proteinurije, če jih zdravimo z zdravilom Avastin. Arterijska trombembolija: Bolniki, ki prejemajo 
zdravilo Avastin skupaj s kemoterapijo in imajo arterijske trombembolične neželene učinke v anamnezi, sladkorno bolezen ali so stari nad 65 let, imajo med zdravljenjem povečano tveganje za razvoj arterijskih trombemboličnih neželenih učinkov. Pri zdravljenju teh bolnikov je zato potrebna previdnost. Venska trombembolija: Med zdravljenjem z zdravilom 
Avastin so bolniki lahko podvrženi povečanemu tveganju za razvoj venskih trombemboličnih neželenih učinkov, vključno s pljučno embolijo. Bolnice z rakom materničnega vratu, pri katerih je bolezen prisotna tudi po zaključenem primarnem zdravljenju, se je ponovila ali je metastatska, in se zdravijo z zdravilom Avastin v kombinaciji s paklitakselom 
in cisplatinom, imajo lahko večje tveganje za venske trombembolične dogodke. Krvavitev: Bolnike, zdravljene z zdravilom Avastin, spremlja večje tveganje za krvavitev, še posebej za krvavitev, povezano s tumorjem. Bolniki z nezdravljenimi zasevki v osrednjem živčevju so bili rutinsko izključeni iz kliničnih preskušanj z zdravilom Avastin. Bolnike je treba 
spremljati za znake ali simptome krvavitev v osrednjem živčevju in zdravljenje z zdravilom Avastin v primerih intrakranialne krvavitve prekiniti. Varnostni profil zdravila Avastin pred njegovo uvedbo pri bolnikih, ki imajo kongenitalno hemoragično diatezo ali pridobljeno koagulopatijo ali če prejemajo polni odmerek antikoagulantov za zdravljenje 
trombembolije, ni poznan, ker le-ti niso bili vključeni v klinična preskušanja. Zato je pred začetkom zdravljenja pri teh bolnikih potrebna previdnost. Krvavitev v pljučih/hemoptiza: Pri bolnikih z nedrobnoceličnim rakom pljuč, ki se zdravijo z zdravilom Avastin, lahko obstaja tveganje za resno in v nekaterih primerih smrtno krvavitev v pljučih/hemoptizo. 
Anevrizme in disekcije arterij: Uporaba zaviralcev poti VEGF pri bolnikih s hipertenzijo ali brez nje lahko spodbudi nastanek anevrizem in/ali disekcij arterij. Pred uvedbo zdravila Avastin je treba to tveganje skrbno preučiti pri bolnikih z dejavniki tveganja, kot sta hipertenzija ali anamneza anevrizme. Kongestivno srčno popuščanje: Pri zdravljenju z zdravilom 
Avastin je pri bolnikih s klinično pomembno kardiovaskularno boleznijo, kot je predhodno obstoječa bolezen koronarnih arterij ali kongestivno srčno popuščanje, potrebna previdnost. Nevtropenija in okužbe: Pri bolnikih, zdravljenih z nekaterimi mielotoksičnimi kemoterapevtskimi shemami in zdravilom Avastin, so v primerjavi s samo kemoterapijo opazili 
večji pojav hude nevtropenije, febrilne nevtropenije ali okužbe s hudo nevtropenijo ali brez nje (vključno s smrtnimi primeri). Preobčutljivostne reakcije/reakcije pri infundiranju: Priporočljivo je, da se bolnika med ter po dajanju bevacizumaba skrbno spremlja. Če pride do reakcije, je treba infundiranje prekiniti ter uvesti ustrezno zdravljenje. Sistematska 
premedikacija ni potrebna. Osteonekroza čeljustnic: Pri sočasnem ali zaporednem dajanju zdravila Avastin in intravenskih difosfonatov je potrebna previdnost. Invazivni zobozdravstveni posegi predstavljajo dodatni dejavnik tveganja. Pred začetkom zdravljenja z zdravilom Avastin je treba razmisliti o pregledu zobovja in primernih preventivnih 
zobozdravstvenih posegih. Pri bolnikih, ki so predhodno prejemali ali trenutno prejemajo intravenske difosfonate, se je treba, če je to mogoče, izogibati invazivnim zobozdravstvenim posegom. Intravitrealna uporaba: Zdravilo Avastin ni namenjeno intravitrealni uporabi. Očesne bolezni: Po neodobreni intravitrealni uporabi vial zdravila Avastin so poročali 
o posameznih primerih in o skupini resnih neželenih učinkov, povezanih z očmi. Sistemski učinki po intravitrealni uporabi Po intravitrealni injekciji zaviralcev VEGF so poročali o sistemskih neželenih učinkih, vključno s krvavitvijo izven predela oči in arterijskimi tromboemboličnimi neželenimi učinki. Okvara jajčnikov/plodnost: Zdravilo Avastin lahko zmanjša 
plodnost žensk. Pred začetkom zdravljenja z zdravilom Avastin se je z ženskami v rodni dobi treba pogovoriti o možnostih, ki so na voljo za ohranitev plodnosti. Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Vpliv zdravil za zdravljenje novotvorb na farmakokinetiko bevacizumaba: Populacijske farmakokinetične analize so pokazale, 
da klinično pomembnega medsebojnega delovanja sočasno dane kemoterapije na farmakokinetiko bevacizumaba ni. Vpliv bevacizumaba na farmakokinetiko drugih zdravil za zdravljenje novotvorb: Klinično pomembnega medsebojnega delovanja bevacizumaba na farmakokinetiko sočasno danega interferona alfa-2a, erlotiniba, kemoterapevtika irinotekana, 
kapecitabina, oksaliplatina in cisplatina niso opazili. O vplivu bevacizumaba na farmakokinetiko gemcitabina ne moremo zagotovo sklepati. Kombinacija bevacizumaba in sunitinibijevega malata: V dveh kliničnih študijah metastatskega karcinoma ledvičnih celic so poročali o mikroangiopatični hemolitični anemiji pri 7 od 19 bolnikov, ki so jih zdravili s 
kombinacijo bevacizumaba in sunitinibijevega malata. Pri nekaterih bolnikih so opazili tudi hipertenzijo (vključno s hipertenzivno krizo), povečane vrednosti kreatinina in nevrološke simptome. Ti neželeni učinki po prekinitvi zdravljenja z bevacizumabom in sunitinibijevim malatom niso bili več prisotni. Kombinacija z zdravljenjem na osnovi platine ali 
taksanov: Opazili so večji pojav hude nevtropenije, febrilne nevtropenije ali okužbe s hudo nevtropenijo ali brez nje; to so večinoma opazili pri bolnikih, ki so prejemali zdravljenje na osnovi platine ali taksanov pri NDRP ter metastatskemu raku dojk. Radioterapija: Varnost in učinkovitost sočasnega zdravljenja z radioterapijo in zdravilom Avastin nista bili 
ugotovljeni. Monoklonska protitelesa z delovanjem na EGFR, v kombinaciji s kemoterapevtskimi shemami, ki vključujejo bevacizumab: Študij medsebojnega delovanja niso izvedli. Monoklonska protitelesa z delovanjem na EGFR se za zdravljenje metastatskega raka debelega črevesa in danke, ne smejo dajati v kombinaciji s kemoterapevstko shemo, ki vključuje 
bevacizumab. Neželeni učinki: Zelo pogosti: febrilna nevtropenija, levkopenija, trombocitopenija, nevtropenija, anoreksija, hipomagneziemija, hiponatriemija, periferna senzorična nevropatija, disartrija, glavobol, disgevzija, bolezni oči, povečano solzenje, hipertenzija, (venska) trombembolija, dispneja, rinitis, epistaksa, kašelj, rektalna krvavitev, 
stomatitis, konstipacija, diareja, navzea, bruhanje, bolečine v trebuhu, zapleti pri celjenju ran, eksfoliativni dermatitis, suha koža, obarvanje kože, artralgija, mialgija, proteinurija, okvara jajčnikov, astenija, utrujenost, pireksija, bolečina, vnetje sluznic in zmanjšanje telesne mase. Poročanje o domnevnih neželenih učinkih: Poročanje o domnevnih 
neželenih učinkih zdravila po izdaji dovoljenja za promet je pomembno. Omogoča namreč stalno spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delavcev se zahteva, da poročajo o katerem koli domnevnem neželenem učinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske pripomočke, Sektor za 
farmakovigilanco, Nacionalni center za farmakovigilanco, Slovenčeva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-pošta: h-farmakovigilanca@jazmp.si, spletna stran: www.jazmp.si. Za zagotavljanje sledljivosti zdravila je pomembno, da pri izpolnjevanju obrazca o domnevnih neželenih učinkih zdravila navedete 
številko serije biološkega zdravila. Režim izdaje zdravila: H. Imetnik dovoljenja za promet:  Roche Registration GmbH, Emil-Barell-Strasse 1, 79639 Grenzach-Wyhlen, Nemčija. Verzija: 1.0/21

M-
SI-

00
00

01
81

 (v
4.0

)

Samo za strokovno javnost. Informacija pripravljena: maj 2021



Družba Servier ima licenco družbe Taiho za zdravilo 
Lonsurf®.  Pri globalnem razvoju zdravila sodelujeta 
obe družbi in ga tržita na svojih doloËenih podroËjih.

Kolorektalni rak
Zdravilo Lonsurf je indicirano v monoterapiji za zdravljenje 
odraslih bolnikov z metastatskim kolorektalnim rakom (KRR), ki 
so bili predhodno že zdravljeni ali niso primerni za zdravljenja, ki 
so na voljo. Ta vkljuËujejo kemoterapijo na osnovi fluoropirimidina, 
oksaliplatina in irinotekana, zdravljenje z zaviralci žilnega 
endotelijskega rastnega dejavnika (VEGF ‡ Vascular Endothelial 
Growth Factor) in zaviralci receptorjev za epidermalni rastni 
dejavnik (EGFR ‡ Epidermal Growth Factor Receptor).

Rak želodca
Zdravilo Lonsurf je indicirano v monoterapiji za zdravljenje 
odraslih bolnikov z metastatskim rakom želodca vkljuËno z 
adenokarcinomom gastro-ezofagealnega prehoda, ki so bili 
predhodno že zdravljeni z najmanj dvema sistemskima režimoma 
zdravljenja za napredovalo bolezen.

Spremeni zgodbo predhodno že 
zdravljenih bolnikov z mKRR

trifluridin ⁄ tipiracil

Skrajšan povzetek glavnih znaËilnosti zdravila: Lonsurf 15 mg/6,14 mg filmsko obložene tablete in Lonsurf 20 mg/8,19 mg filmsko obložene tablete 
SESTAVA*: Lonsurf 15 mg/6,14 mg: Ena filmsko obložena tableta vsebuje 15 mg trifluridina in 6,14 mg tipiracila (v obliki klorida). Lonsurf 20 mg/8,19 mg: Ena filmsko obložena tableta vsebuje 20 mg trifluridina in 8,19 mg ti-
piracila (v obliki klorida). TERAPEVTSKE INDIKACIJE*: Kolorektalni rak ‡ v monoterapiji za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom, ki so bili predhodno že zdravljeni ali niso primerni za zdravljenja, ki so na 
voljo. Ta vkljuËujejo kemoterapijo na osnovi fluoropirimidina, oksaliplatina in irinotekana, zdravljenje z zaviralci žilnega endotelijskega rastnega dejavnika (VEGF ‡ Vascular Endothelial Growth Factor) in zaviralci receptorjev za epidermal-
ni rastni dejavnik (EGFR ‡ Epidermal Growth Factor Receptor). Rak želodca ‡ v monoterapiji za zdravljenje odraslih bolnikov z metastatskim rakom želodca vkljuËno z adenokarcinomom gastro-ezofagealnega prehoda, ki so bili predhodno 
že zdravljeni z najmanj dvema sistemskima režimoma zdravljenja za napredovalo bolezen. ODMERJANJE IN NA»IN UPORABE*: PriporoËeni zaËetni odmerek zdravila Lonsurf pri odraslih je 35 mg/m2/odmerek peroralno dvakrat 
dnevno na 1. do 5. dan in 8. do 12. dan vsakega 28-dnevnega cikla zdravljenja, najpozneje 1 uro po zakljuËku jutranjega in veËernega obroka (20 mg/m2/odmerek dvakrat dnevno pri bolnikih s hudo ledviËno okvaro). Odmerek, izraËunan 
glede na telesno površino, ne sme preseËi 80 mg/odmerek. Možne prilagoditve odmerka glede na varnost in prenašanje zdravila: dovoljena so zmanjšanja odmerka na najmanjši odmerek 20 mg/m2 dvakrat dnevno (oz. 15 mg/m2 dvakrat 
dnevno pri bolnikih s hudo ledviËno okvaro). Potem ko je bil odmerek zmanjšan, poveËanje ni dovoljeno. KONTRAINDIKACIJE*: PreobËutljivost na uËinkovini ali katero koli pomožno snov. OPOZORILA IN PREVIDNOSTNI UKRE-
PI*: Supresija kostnega mozga: Pred uvedbo zdravljenja in po potrebi za spremljanje toksiËnosti zdravila, najmanj pred vsakim ciklom zdravljenja, je treba pregledati celotno krvno sliko. Zdravljenja ne smete zaËeti, Ëe je absolutno števi-
lo nevtrofilcev < 1,5 x 109/l, Ëe je število trombocitov < 75 x 109/l ali Ëe se je pri bolniku zaradi predhodnih zdravljenj pojavila kliniËno pomembna nehematološka toksiËnost 3. ali 4. stopnje, ki še traja. Bolnike je treba skrbno spremljati 
zaradi morebitnih okužb, uvesti je treba ustrezne ukrepe, kot je kliniËno indicirano. ToksiËnost za prebavila: Potrebna je uporaba antiemetikov, antidiaroikov ter drugih ukrepov, kot je kliniËno indicirano. »e je potrebno, prilagodite odmerke. 
LedviËna okvara: Uporaba zdravila ni priporoËljiva pri bolnikih s konËno stopnjo ledviËne okvare. Bolnike z ledviËno okvaro je potrebno med zdravljenjem skrbno spremljati; bolnike z zmerno ali hudo ledviËno okvaro je treba zaradi hema-
tološke toksiËnosti bolj pogosto spremljati. Jetrna okvara: Uporaba zdravila Lonsurf pri bolnikih z obstojeËo zmerno ali hudo jetrno okvaro ni priporoËljiva. Proteinurija: Pred zaËetkom zdravljenja in med njim je priporoËljivo spremljanje 
proteinurije z urinskimi testnimi listiËi. Pomožne snovi: Zdravilo vsebuje laktozo. INTERAKCIJE*: Previdnost: Zdravila, ki medsebojno delujejo z nukleozidnimi prenašalci CNT1, ENT1 in ENT2, zaviralci OCT2 ali MATE1, substrati hu-
mane timidin-kinaze (npr. zidovudin), hormonski kontraceptivi. PLODNOST*. NOSE»NOST IN DOJENJE*: Ni priporoËljivo. KONTRACEPCIJA*: Ženske in moški morajo uporabljati zelo uËinkovite metode kontracepcije med 
zdravljenjem in do 6 mesecev po zakljuËku zdravljenja. VPLIV NA SPOSOBNOST VOŽNJE IN UPRAVLJANJA STROJEV*: Med zdravljenjem se lahko pojavijo utrujenost, omotica ali splošno slabo poËutje. NEŽELENI U»INKI*: 
Zelo pogosti: nevtropenija, levkopenija, anemija, trombocitopenija, zmanjšan apetit, diareja, navzea, bruhanje, utrujenost. Pogosti: okužba spodnjih dihal, febrilna nevtropenija, limfopenija, hipoalbuminemija, disgevzija, periferna nevro-
patija, dispneja, boleËina v trebuhu, zaprtje, stomatitis, bolezni ustne votline, hiperbilirubinemija, sindrom palmarne plantarne eritrodisestezije, izpušËaj, alopecija, pruritus, suha koža, proteinurija, pireksija, edem, vnetje sluznice, splošno 
slabo poËutje, zvišanje jetrnih encimov, zvišanje alkalne fosfataze v krvi, zmanjšanje telesne mase. ObËasni: septiËni šok, infekcijski enteritis, pljuËnica, okužba žolËevoda, gripa, okužba seËil, gingivitis, herpes zoster, tinea pedis, okužba 
s kandido, bakterijska okužba, okužba, nevtropeniËna sepsa, okužba zgornjih dihal, konjunktivitis, boleËina zaradi raka, pancitopenija, granulocitopenija, monocitopenija, eritropenija, levkocitoza, monocitoza, dehidracija, hiperglikemija, 
hiperkaliemija, hipokaliemija, hipofosfatemija, hipernatriemija, hiponatriemija, hipokalciemija, protin, anksioznost, nespeËnost, nevrotoksiËnost, disestezija, hiperestezija, hipoestezija, sinkopa, parestezija, pekoË obËutek, letargija, omo-
tica, glavobol, zmanjšana ostrina vida, zamegljen vid, diplopija, katarakta, suho oko, vrtoglavica, neugodje v ušesu, angina pektoris, aritmija, palpitacije, embolija, hipertenzija, hipotenzija, vroËinski oblivi, pljuËna embolija, plevralni izliv, 
izcedek iz nosu, disfonija, orofaringealna boleËina, epistaksa, kašelj, hemoragiËni enterokolitis, krvavitev v prebavilih, akutni pankreatitis, ascites, ileus, subileus, kolitis, gastritis, refluksni gastritis, ezofagitis, moteno praznjenje želodca, 
abdominalna distenzija, analno vnetje, razjede v ustih, dispepsija, gastroezofagealna refluksna bolezen, proktalgija, bukalni polip, krvavitev dlesni, glositis, parodontalna bolezen, bolezen zob, siljenje na bruhanje, flatulenca, slab zadah, 
hepatotoksiËnost, razširitev žolËnih vodov, lušËenje kože, urtikarija, preobËutljivostne reakcije na svetlobo, eritem, akne, hiperhidroza, žulj, bolezni nohtov, otekanje sklepov, artralgija, boleËina v kosteh, mialgija, mišiËno-skeletna boleËi-
na, mišiËna oslabelost, mišiËni krËi, boleËina v okonËinah, ledviËna odpoved, neinfektivni cistitis, motnje mikcije, hematurija, levkociturija, motnje menstruacije, poslabšanje splošnega zdravstvenega stanja, boleËina, obËutek spremembe 
telesne temperature, kseroza, nelagodje, zvišanje kreatinina v krvi, podaljšanje intervala QT na elektrokardiogramu, poveËanje mednarodnega umerjenega razmerja (INR), podaljšanje aktiviranega parcialnega tromboplastinskega Ëasa 
(aPT»), zvišanje seËnine v krvi, zvišanje laktatne dehidrogenaze v krvi, znižanje celokupnih proteinov, zvišanje C-reaktivnega proteina, zmanjšan hematokrit. Post-marketinške izkušnje: intersticijska bolezen pljuË. PREVELIKO ODMER-
JANJE*: Neželeni uËinki, o katerih so poroËali v povezavi s prevelikim odmerjanjem, so bili v skladu z uveljavljenim varnostnim profilom. Glavni priËakovani zaplet prevelikega odmerjanja je supresija kostnega mozga. FARMAKODINA-
MI»NE LASTNOSTI*: Farmakoterapevtska skupina: zdravila z delovanjem na novotvorbe, antimetaboliti, oznaka ATC: L01BC59. Zdravilo Lonsurf sestavljata antineoplastiËni timidinski nukleozidni analog, trifluridin, in zaviralec timidin-
-fosforilaze (TPaze), tipiracilijev klorid. Po privzemu v rakave celice timidin-kinaza fosforilira trifluridin. Ta se v celicah nato presnovi v substrat deoksiribonukleinske kisline (DNA), ki se vgradi neposredno v DNA ter tako prepreËuje 
celiËno proliferacijo. TPaza hitro razgradi trifluridin in njegova presnova po peroralni uporabi je hitra zaradi uËinka prvega prehoda, zato je v zdravilo vkljuËen zaviralec TPaze, tipiracilijev klorid. PAKIRANJE*: 20 filmsko obloženih tablet. 
NA»IN PREDPISOVANJA IN IZDAJE ZDRAVILA: Rp/Spec. Imetnik dovoljenja za promet: Les Laboratoires Servier, 50, rue Carnot, 92284 Suresnes cedex, Francija. Številka dovoljenja za promet z zdravilom: EU/1/16/1096/001 
(Lonsurf 15 mg/6,14 mg), EU/1/16/1096/004 (Lonsurf 20 mg/8,19 mg). Datum zadnje revizije besedila: december 2020. *Pred predpisovanjem preberite celoten povzetek glavnih znaËilnosti zdravila. Celoten 
povzetek glavnih znaËilnosti zdravila in podrobnejše informacije so na voljo pri: Servier Pharma d.o.o., PodmilšËakova ulica 24, 1000 Ljubljana, tel: 01 563 48 11, www.servier.si.

Datum priprave informacije: december 2020.
LON AD2 C1 2020-21. Samo za strokovno javnost.
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Pred predpisovanjem se seznanite s celotnim povzetkom glavnih značilnosti zdravila.

PP-IBR-EEP-0188  Datum priprave: januar 2021. Samo za strokovno javnost.
HR+/HER2- = pozitiven na hormonske receptorje in negativen na receptorje humanega epidermalnega rastnega faktorja 2.
Literatura: Povzetek glavnih značilnosti zdravila Ibrance, 9.11.2020.

Za zdravljenje lokalno 
napredovalega ali 
metastatskega  
HR+/HER2- raka dojk:
•  v kombinaciji z zaviralcem aromataze,

•  v kombinaciji s fulvestrantom pri 
ženskah, ki so prejele  
predhodno endokrino zdravljenje.

Pri ženskah v pred- in perimenopavzi je 
treba endokrino zdravljenje kombinirati 
z agonistom gonadoliberina (LHRH – 
Luteinizing Hormone–Releasing Hormone).

ZAUPANJE, 
ZGRAJENO  
NA MOČI
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