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OBJECTIVE

As survival rates improve among reproductive-age breast cancer patients, fertility preservation, preg-

nancy, and contraception have become increasingly important quality-of-life issues. Radiation oncolo-

gists frequently encounter these patients; however, their awareness and clinical practices regarding on-

cofertility and contraception in Türkiye remain unclear.

METHODS

A 15-item national survey was conducted among radiation oncologists practicing in Türkiye to evalu-

ate approaches to fertility preservation, pregnancy counseling, ovarian protection, and contraception 

in premenopausal breast cancer patients. �e survey was distributed electronically, and responses were 

analyzed descriptively.

RESULTS

A total of 131 radiation oncologists viewed the survey, and 29 (22.1%) completed it. None of the re-

spondents routinely contoured ovaries during breast radiotherapy planning. While 71.4% reported that 

fertility and pregnancy issues had been discussed during prior clinical evaluations, only 42.9% routinely 

discussed contraception in their own practice. More than one-third of respondents believed that preg-

nancy could be prevented by concurrent use of GnRH agonists and tamoxifen. Although 92.6% empha-

sized the importance of a multidisciplinary approach, fertility, pregnancy, and contraception were not 

consistently integrated into daily radiation oncology practice.

CONCLUSION

Despite growing awareness of the importance of fertility-related issues, radiation oncologists in Türkiye 

do not routinely address fertility preservation, pregnancy, and contraception in young breast cancer 

patients. Systematic integration of oncofertility counseling into radiation oncology practice and closer 

multidisciplinary collaboration are essential to meet the evolving expectations of this patient population.

Keywords: Breast cancer; contraception; fertility; multidisciplinary approach; radiotherapy.
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INTRODUCTION

Breast cancer is the most frequently diagnosed can-
cer among women in Türkiye, with more than 25,000 
new cases reported in 2022, in line with global trends.
[1,2] �e widespread implementation of screening 
programs has resulted in an increasing number of pa-
tients being diagnosed at earlier stages and at younger 
ages.[3] Although younger age at diagnosis has his-
torically been considered a poor prognostic factor, 
survival outcomes have improved substantially over 
the past decade due to advances in diagnostic meth-
ods and treatment strategies.

As survival improves, treatment-related adverse ef-
fects increasingly in�uence patients’ quality of life. A 
study conducted by the Dana–Farber Cancer Institute 
demonstrated that young breast cancer patients have 
distinct expectations compared with older patients, 
particularly regarding treatment-related side e�ects, 
fertility, and menopausal symptoms.[4] Consequently, 
fertility preservation and pregnancy-related concerns 
have become increasingly important issues for radia-
tion oncologists involved in the management of young 
breast cancer patients.[5]

Contraception is another critical issue that must 
be addressed in young patients. It is o�en assumed 
that tamoxifen and gonadotropin-releasing hormone 
(GnRH) agonists used during radiotherapy exert a 
contraceptive e�ect due to the induction of amenor-
rhea. Tamoxifen use represents a notable example of 
this complexity. Contrary to common misconcep-
tions, tamoxifen does not reduce ovarian reserve and 
should not be considered a contraceptive method.[6] 
Failure to adequately counsel young patients receiving 
tamoxifen about contraception may signi�cantly in-
crease the risk of teratogenic e�ects in the event of an 
unintended pregnancy.[7] Although GnRH agonists 
may have a potential contraceptive e�ect, they may 
cause insu�cient ovarian suppression and are not li-
censed as contraceptive agents.[8] For these reasons, 
in patients who complete anticancer treatments and 
are referred for radiotherapy, the presence of amen-
orrhea should not be considered a reliable indicator 
of contraception, and all patients should be referred 
for gynecologic consultation for appropriate contra-
ceptive counseling. To ensure proper gynecologic 
consultation, contraception should be systematically 
discussed with all premenopausal patients.

In addition, modern radiotherapy techniques such 
as Intensity-Modulated Radiation �erapy (IMRT) 
and Volumetric Modulated Arc �erapy (VMAT) 

may unintentionally deliver low doses of radiation to 
the ovaries and uterus.[9] �erefore, ovarian protec-
tion should be considered during radiotherapy plan-
ning in patients of reproductive age who may desire 
future pregnancy.

To date, no comprehensive study has evaluated 
communication practices between radiation oncolo-
gists and young breast cancer patients in Türkiye or 
assessed radiation oncologists’ awareness regarding 
fertility, pregnancy, and contraception. In light of these 
considerations, we conducted a national survey to eval-
uate radiation oncologists’ approaches to the evolving 
expectations of young breast cancer patients.

MATERIALS AND METHODS

A 15-item survey was designed for radiation oncolo-
gists practicing in Türkiye. Survey questions addressed 
ovarian contouring practices, fertility preservation, 
pregnancy counseling, hormonal therapy, contracep-
tion, and breastfeeding. Each question allowed only 
one response. �e survey was distributed electronically 
via email and online professional communication plat-
forms. Typeform survey so�ware was used for survey 
creation and data analysis. Since the study was a survey 
study, no ethics committee approval was required.

RESULTS

Survey questions, response options, and the statistical 
distribution of responses are summarized in Table 1. A 
total of 131 participants viewed the survey, 64 (48.85%) 
participants start to answer, of whom 29 (45.3%) com-
pleted. �e highest dropout rate occurred a�er the 
third question (17%). Among 131 participants who 
viewed the survey, only 22.13% of participants com-
pleted the survey.

All respondents reported that they did not routinely 
contour the ovaries during breast cancer radiotherapy 
planning (100%, n=29). It was found that 71.4% of par-
ticipants answered “yes” to whether fertility and preg-
nancy issues had been discussed in the clinics where 
premenopausal patients had previously been evaluated 
at their �rst outpatient visit (Fig. 1).

It was determined that 42.9% (n=12) of radia-
tion oncologists who completed the survey discussed 
contraception with patients presenting to the Radi-
ation Oncology outpatient clinic. While 21.4% (n=6) 
reported that they never discussed this issue, 35.7% 
(n=10) stated that they discussed it occasionally.
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Table 1. Survey questions, answer options, and statistical distribution of answers

Questions Answers’ distribution

1. Do you conduct ovarian contouring as part of breast cancer 

radiotherapy? (PwA: 29)

a. Yes (0% , n=0)

b. No (100%, n=29)

c. Occasionally (0% , n=0)

2. If you answered “Yes” to the first question, do you discuss  

pregnancy intentions with young patients after considering 

the ovarian dose received? (PwA:13)

a. Yes (7.7%, n=1) 

b. No (76.9%, n=10)

c. Occasionally (15.4%, n=2)

3. If a patient wishes to conceive, do you refer them to a gynecology 

clinic for fertility preservation procedures along with ovarian 

preservation during planning? (PwA:29)

a. Yes (69%, n=20)

b. No (27.6%, n=8)

c. Occasionally (3.5%, n=1)

4. If you answered “No” to the third question, do you believe that 

ovarian preservation alone during the planning phase would 

be sufficient? (PwA:15)

a. Yes (26.7%, n=4)

b. No (60%, n=9)

c. Occasionally (13.3%, n=2)

5. Do you have information about the most commonly used 

method for ovarian protection in our country? (PwA:27)

a. Oocyte/embryo cryopreservation (81.5%, n=22)

b. Ovarian tissue preservation (7.4%, n=2)

c. Ovarian suppression with GNRH agonist (11.1%, n=3)

6. In your opinion, which medical department should be consulted 

regarding fertilization-related issues? (PwA:27)

a. Breast Surgeon (0% , n=0)

b. Medical Oncologist (7.4%, n=2)

c. Radiation Oncologist (0% , n=0)

d. All (92.6%, n=25)

7. When young patients are referred to your clinic, do you check if 

fertility and pregnancy have been discussed with the specialists

they previously consulted? (PwA:28)

a. Yes (71.4%, n=20)

b. No (14.3%, n=4)

c. Occasionally (14.3%, n=4)

8. Do young patients ask you questions about contraception from 

you when they are referred to your clinic? (PwA:28)

a. Yes (39.3%, n=11)

b. No (28.6%, n=8)

c. Occasionally (32.1%, n=9)

9. Do you offer information about contraception to your young 

patients? (PwA:28)

a. Yes (42.9%, n=12)

b. No (21.4%, n=6)

c. Occasionally (35.7%, n=10)

10. Do you believe that pregnancy can be prevented in patients 

who are using GnRH agonists and tamoxifen? (PwA:28)

a. Yes (35.7%, n=10)

b. No (64.3%, n=18)

11. Do you inform patients using hormonal contraception methods 

about the need for a gynecological consultation before breast 

cancer diagnosis and treatment? (PwA:29)

a. Yes (55.2%, n=16)

b. No (13.8%, n=4)

c. Occasionally (31%, n=9)

12. Do you recommend pregnancy for your patients who express 

concerns after treatment? (PwA:26)

a. Yes (34.6%, n=9)

b. No (15.4%, n=4)

c. Dependent on hormone receptor status (50%, n=13)

13. If you do not recommend pregnancy, what is the main reason 

for that? (PwA:19)

a. Due to complications such as preterm births and low 

birth weight (5.3%, n=1)

b. Because the risk of recurrence may increase in 

hormone-positive patients (52.6%, n=10)

c. Other (42.1%, n=8)

14. Do you assess BRCA1 and BRCA2 carriers for potential risks 

related to pregnancy? (PwA:25)

a. Yes (64%, n=16)

b. No (28%, n=7)

c. Occasionally (8%, n=2)

15. Do you recommend breastfeeding after undergoing breast 

radiotherapy? (PwA:29)

a. Yes (27.6%, n=8)

b. No (51.7%, n=15)

c. Occasionally (20.7%, n=6)

PwA: Number of participants who answered the question.
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Regarding contraception counseling, 55.2% of 
participants (n=16) stated that they routinely consult 
gynecology for young breast cancer patients, where-
as 13.8% (n=4) reported that they do not address this 
issue at all. Notably, 35.7% of respondents (n=10) be-
lieved that pregnancy could be prevented in patients 
receiving both GnRH agonists and tamoxifen.

A large majority of participants (92.6%, n=25) in-
dicated that fertility-related issues should be addressed 
within a multidisciplinary framework (Fig. 2). Howev-
er, when the survey results were evaluated collectively, 
it became evident that fertility, pregnancy, and contra-
ception issues are not routinely integrated into daily 
radiation oncology practice in Türkiye.

DISCUSSION

Due to widespread mammography screening, the 
number of patients diagnosed with breast cancer at an 
early stage has been increasing. In parallel, the propor-
tion of patients diagnosed at a younger age has also 
risen as a result of changes in dietary habits, lifestyle 
factors, and genetic predisposition.[10] Consequently, 
young patients diagnosed at an early stage with cura-
tive intent increasingly seek information and solutions 
regarding fertility preservation, pregnancy desire, and 
contraception during outpatient visits.

Evaluation of the results of our survey suggests 
that, in Türkiye, radiation oncologists generally do 

Fig. 1. Number of participants who answered Q7 and the graphical distribution of the answers.

Fig. 2. Number of participants who answered Q6 and the graphical distribution of the answers.
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not proactively address these issues during treat-
ment initiation or follow-up unless speci�cally raised 
by the patient. Although this interpretation may be 
in�uenced by the low response rate—of the 131 ra-
diation oncologists who viewed the survey, only 29 
completed it, and none answered all questions. 25 
respondents (92.6%) expressed the opinion that fer-
tility-related issues should be discussed within a mul-
tidisciplinary framework. �is �nding is consistent 
with the global literature, where clinicians treating 
this patient population acknowledge the importance 
of oncofertility, yet their approaches o�en remain 
suboptimal.[11,12] Notably, most studies on this top-
ic have been conducted by medical oncologists rather 
than radiation oncologists.[5]

Because fertility desire, fertility preservation, and 
contraception are not routinely integrated into radia-
tion oncology practice, perspectives and reviews from 
this discipline are limited in the existing literature. 
However, many young patients diagnosed at an early 
stage—o�en treated with breast-conserving surgery 
and receiving hormonal therapy without chemothera-
py—are directly referred to radiation oncology clinics. 
�ese patients frequently direct their questions regard-
ing fertility and pregnancy to radiation oncologists. To 
ensure appropriate counseling, it is essential that radia-
tion oncologists are familiar with the hormonal thera-
pies initiated and provide patient-speci�c information 
accordingly. Tamoxifen, one of the most commonly 
used agents during and a�er radiotherapy, is known 
not to negatively a�ect ovarian reserve, and studies 
have demonstrated no signi�cant change in anti-Mül-
lerian hormone levels.[13]

When ovarian suppression with a GnRH agonist 
is administered during chemotherapy, the rate of pre-
mature ovarian insu�ciency decreases from 30.9% to 
14.1%. However, the risk of premature ovarian insu�-
ciency when aromatase inhibitors are used in combina-
tion with GnRH agonists remains unclear.[13]

Ovarian risk assessments in radiotherapy are pri-
marily performed in patients receiving pelvic irradia-
tion, and ovaries are not routinely contoured as organs 
at risk in breast cancer radiotherapy. In a dosimetric 
study by Oonsiri et al.,[9] le� breast radiotherapy 
planning using standard two-dimensional tangential 
�elds, IMRT, and VMAT resulted in ipsilateral ovar-
ian doses of 42 centigray (cGy), contralateral ovarian 
doses of 31 cGy, and uterine doses of 38 cGy. Similarly, 
Aral et al.[14] evaluated eight breast cancer patients 
treated with modern radiotherapy techniques and 
observed zero ovarian dose with three-dimensional 

conformal planning. In helical IMRT plans, ipsilat-
eral ovarian doses were calculated as 12 cGy (range 
10–30 cGy) and contralateral ovarian doses as 8 cGy 
(range 5–13 cGy). In patients who underwent breast-
conserving surgery and IMRT planning, the ipsilateral 
ovarian dose was 15 cGy (range 12–30 cGy).

Ovarian reserve decreases markedly with radio-
therapy. Radiation-induced ovarian follicle loss oc-
curs at doses below 2 Gray (Gy), while LD5 and LD50 
values for infertility are reported as 2–3 Gy and 6–12 
Gy, respectively.[15] Kerr et al.[16] demonstrated a sig-
ni�cant reduction in primordial follicles following ex-
posure to 45 cGy of gamma radiation. Although ovar-
ian doses during breast radiotherapy generally remain 
within acceptable limits, patient- and treatment-relat-
ed factors—particularly age at diagnosis and treatment 
protocol—may alter ovarian sensitivity.

In the present survey, responses to the twel�h 
question indicated that four respondents (15.4%) did 
not recommend pregnancy, while 13 (50%) based 
their recommendation on hormone receptor sta-
tus. Considering that many radiation oncologists 
reviewed the survey but did not respond, it appears 
that a substantial proportion may feel hesitant to ad-
dress pregnancy-related issues. Medical oncologists, 
similar to radiation oncologists, may prioritize onco-
logic outcomes over fertility concerns or may express 
concerns regarding increased recurrence risk in hor-
mone-positive patients.

As the number of young patients diagnosed at an 
early stage with long-term survival continues to in-
crease, fertility, pregnancy, and contraception issues 
should be systematically incorporated into routine 
clinical practice. Until these topics are fully em-
bedded within multidisciplinary care, oncofertility 
boards should be implemented, and patients should 
undergo comprehensive multidisciplinary evalua-
tion. In the interim, radiation oncologists managing 
patients who have not received counseling on these 
issues should request gynecological consultations, as-
sess anti-Müllerian hormone levels, and reconsider 
radiotherapy planning techniques for patients desir-
ing pregnancy.[17]

Although hypofractionated regimens are increas-
ingly used, patients typically attend radiation oncol-
ogy clinics daily for at least 20 treatment days. �is 
frequent interaction allows for closer communication 
between patients and physicians and may prompt 
more questions regarding contraception. Neverthe-
less, a considerable proportion of respondents report-
ed that patients did not raise contraception-related 
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questions. One possible explanation is treatment-
related amenorrhea, leading patients to assume that 
pregnancy is not possible.

Patients may concurrently receive tamoxifen or 
GnRH analogues during radiotherapy. While tamoxi-
fen does not alter ovarian reserve, pregnancy occurring 
under tamoxifen exposure may result in teratogenic 
e�ects, and GnRH analogues are not licensed as con-
traceptive agents.[13] �erefore, updating clinicians’ 
knowledge on this issue is critically important.

Hormonal contraceptive methods are contrain-
dicated in breast cancer patients. Even intrauterine 
levonorgestrel, although protective for the endome-
trium, may increase the risk of breast cancer recur-
rence. Lambertini et al.[18] reported that 54.2% of 
breast cancer patients were using hormonal contra-
ceptive methods at diagnosis. Consequently, discuss-
ing contraception with patients and requesting gyne-
cological consultations are essential components of 
clinical follow-up.

Although the majority of respondents indicated 
that fertility-related discussions should be conducted 
within a multidisciplinary framework, the overall re-
sponses suggest that oncofertility and contraception 
are not routinely addressed in clinical practice. �ese 
�ndings are consistent with previous studies involv-
ing other oncology disciplines, where awareness of the 
importance of oncofertility exists but clinical imple-
mentation remains suboptimal.[5] As diagnosis and 
survival rates increase among reproductive-age breast 
cancer patients, fertility and contraception issues must 
be systematically incorporated into routine clinical 
care to improve quality of life.
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OBJECTIVE

Prophylactic cranial irradiation (PCI) reduces the risk of intracranial progression and improves overall 
survival (OS) in small cell lung cancer (SCLC). However, with advances in systemic therapies and im-
provements in neuroimaging, the OS bene�t has been increasingly questioned. Herein, we report the 
results of a survey study which evaluates the approach of radiation oncologists in patients with SCLC and 
brain metastases with or without a prior PCI.

METHODS

�e online survey was conducted by the Steering Committee of �e Turkish Society of Radiation On-
cology Stereotactic Surgery (TROD-SRS) subgroup and distributed to the members of TROD-SRS in 
Türkiye. �e survey consisted of two sections including 16 questions.

RESULTS

One hundred and sixty-four respondents completed the questionnaire. While 88% of the respon-
dents preferred SRS in patients with a prior PCI, WBRT came forward in patients without a prior 
PCI. More than half of the respondents opted for SRS a�er metastasectomy. �e decision to perform 
SRS in patients with brain metastases of SCLC depend on the presence of a prior PCI, number and 
volume of metastases, and the availability of SRS. More experienced respondents had a decreased 
concern for deciding for SRS treatment but these respondents also looked over more factors when 
deciding for SRS.

CONCLUSION

�e results of this survey study indicate that SRS is widely accepted for the management of brain metas-
tasis in patients with SCLC in our country. We anticipate that the utilization of SRS will continue to 
increase as access to SRS-capable centers.

Keywords: Brain metastasis; small cell lung cancer; stereotactic surgery.
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INTRODUCTION

Small cell lung cancer (SCLC) is an aggressive variant 
of lung cancer. Despite a high response rate to treat-
ment, it is characterized by early treatment resistance, 
rapid progression and distant metastasis (DM).[1] Ap-
proximately two-thirds of patients with SCLC have DM 
at the time of diagnosis and the rate of brain metastasis 
is around 10%.[2,3] �e timely and accurate diagnosis 
of brain metastasis is the most important factor con-
tributing to the prognosis of SCLC.[4] In patients with-
out a brain metastasis, prophylactic cranial irradiation 
(PCI) has been shown to reduce the rate of intracranial 
progression and prolong overall survival (OS).[5] Fol-
lowing two pivotal trials, PCI has become the standard 
of care for patients with at least a stable disease a�er 
treatment.[6,7] A meta-analysis also reported that the 
addition of PCI reduced the frequency of brain metas-
tasis and improved 1-year OS, yet had no e�ect on long 
term survival in extensive stage SCLC.[8] On the other 
hand, this meta-analysis also reported an increased 
neurotoxicity following PCI. 

Recent studies have informed us that neurocogni-
tive functions can be preserved with hippocampal-
sparing cranial radiotherapy (RT).[9,10] However, 
although administered safely, protecting cognitive 
functions a�er hippocampal-sparing cranial RT is con-
troversial.[11] In the phase II/III NRG-CC003 study 
which compares conventional and hippocampus-
sparing PCI, although the primary endpoint of less 
deterioration on the Hopkins Verbal Learning Test-
Revised delayed recall test was not achieved, hippo-
campus-sparing PCI was found to be bene�cial for re-
ducing the risk of overall neurocognitive toxicity with 
similar rates of intracranial recurrence and survival.
[12] As systemic therapies for SCLC have evolved, the 
survival advantage of PCI has been questioned by new 
strategies that include a close follow-up with brain 
magnetic resonance imaging (MRI) and early salvage 
therapy for brain metastasis.[13] A comprehensive 
multicenter analysis, the FIRE-SCLC study, also pro-
vided strong evidence for the use of stereotactic ra-
diosurgery (SRS) for brain metastasis in SCLC, par-
ticularly e�cient for patients with a single metastasis.
[14] �e authors emphasized the disadvantages such 
as a shorter time to central nervous system progres-
sion and decreased OS which are similar to SRS-based 
strategies in other malignancies. �e researchers be-
lieve these data provide a benchmark for SRS out-
comes and support the use of �rst-line SRS as a treat-
ment option in carefully selected patients with SCLC.

As whole-brain radiotherapy (WBRT) has been as-
sociated with increased neurocognitive toxicity, SRS 
has become an up-front option for patients with limited 
brain metastasis with other histologies of lung cancer.
[15] On the other hand, the traditional approach for 
brain metastasis of SCLC is still WBRT.[16] �e aim of 
this study was to design and carry out a survey to eval-
uate the approach of radiation oncologists in Türkiye 
in patients with brain metastasis diagnosed with SCLC. 

MATERIALS AND METHODS

�e survey was developed under the approval and su-
pervision of the executive council of the SRS subgroup 
of Turkish Society of Radiation Oncology and distrib-
uted to the radiation oncologists. �e survey was not 
sent to the members on residency at that time. Partici-
pation was voluntary and all responses were collected 
anonymously. No personal identifying information 
was obtained. �e survey consisted of two sections 
with a total of 16 questions and took approximately �ve 
minutes to complete. �e �rst section included the de-
mographic information and clinical experience of the 
institution of the respondent. �e second part focused 
on the clinical opportunities, clinical scenarios and 
treatment options. �e survey questionnaire translated 
to English is provided as Supplementary Appendix 1. 

�is study was approved by the Ethical Committee 
of Dr. Abdurrahman Yurtaslan Oncology Training and 
Research Hospital, Ankara, Türkiye (approval number 
2025-02/31) on Feb 20, 2025 and conducted according 
to declaration of Helsinki.

Statistical Analysis
�e median, mean (±standard deviation [SD]), mini-
mum, and maximum values were used as descriptive 
variables. In assessing normality, the Shapiro Wilk test 
and the Kolmogorov Smirnow test was used in case 
the number of data was >30 and ≤30, respectively. �e 
Chi-square test was used for evaluating binary data. If 
no cell contained a value <5, the Fisher-Exact Probabil-
ity Test was used, but if the cells contained a value >5, 
the Pearson Chi-square Test was used. For indepen-
dent groups, Student’s t-test or Mann-Whitney U test, 
as appropriate, was used.

�e univariate and multivariate logistic regression 
analyses were used to measure the relationship be-
tween respondent characteristics and treatment prefer-
ences for brain metastases in SCLC using odds ratios 
(OR) and 95% con�dence intervals (CI). Independent 
variables evaluated in the univariate model included 
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age, study year, study region, access to treatment-re-
lated technologies, treatment center, and the number 
of patients treated per year. While performing statis-
tical analysis of numerical values, the ROC curve or 
median/mean values were taken as the absolute points 
and analyzed separately by grouping. Nonparametric 
tests were used to analyze Likert-type scale responses. 
A cross-tabulation was performed to examine the as-
sociation between prior PCI and years of experience 
of the respondents, between years of experience and 
number of cases seen per year, instution type, facility 
SRS. Statistical analyses were conducted by using Sta-
tistical Package for the Social Sciences (SPSS™) version 
22.0 (IBM, Armonk, NY, USA). A two-sided statistical 
test was used in all analyses and a p value of ≤0.05 was 
considered as statistically signi�cant.

RESULTS

One hundred and sixty-four respondents completed 
the survey. �e median age of the respondents was 46 
years (range: 25–66 years). �e other characteristics 
of the respondents are given in questions 2–5 Table 1. 
Two responses regarding the demographic informa-

tion from a single respondent were identi�ed as data 
entry errors attributable to typographical mistakes and 
were excluded from the �nal analysis. �e majority of 
the respondents have been working in a university or a 
research and training hospital and more than half have 
been working as a radiation oncologist for more than 
10 years. Almost half of the respondents treat 11–30 
patients with SCLC per year and 92% can apply SRS 
in their institution. �e number of cases seen per year 
was similar regarding the years of experience and type 
of institution of the respondents (p>0.05).

When the questions about the clinical practice were 
evaluated (Table 1), the majority of the respondents 
were shown to prefer SRS in patients that had under-
gone a prior PCI. On the other hand, WBRT comes 
forward, either alone or followed by SRS, in patients 
without a prior PCI.

In response to the 8th question ‘To what extent do 
the following factors in�uence your treatment deci-
sion in patients with brain metastases in SCLC?’, the 
performance status, number of brain metastases, total 
intracranial tumor volume, a prior PCI and extracra-
nial disease status signi�cantly a�ected the treatment 
decision of the respondents (Table 2). 

Questions n (%)

2) What is the type of institution you currently 

work in?*

University Hospital 56 (34)

Private Hospital 30 (18)

Public Hospital 9 (6)

Training and Research Hospital 68 (42)

3) How many years have you been practicing as 

a radiation oncologist? *

0–5 years 18 (11)

6–10 years 23 (14)

11–20 years 62 (38)

21 years or more 60 (37)

4) How many SCLC cases do you see per year? 

1–10 31 (19)

11–30 77 (47)

31–50   37 (23)

≥51 19 (11)

5) Does your institution have the facility and 

equipment to perform SRS?

Yes 151 (92)

No 13 (8)

6) What is your preferred approach for patients 

who develop brain metastases after PCI?

Surgery 5 (3)

WBRT 15 (9)

SRS 144 (88)

7) What is your preferred treatment approach for 

patients with SCLC who present with brain 

metastases and have not received PCI?

WBRT 53 (32)

SRS 42 (26)

WBRT followed by SRS 61 (37)

Surgery followed by cavity-directed SRS 8 (5)

Surgery 0

11) What is your preferred approach for a 

patient who has undergone intracranial 

metastasectomy?

WBRT 37 (23)

SRS 96 (56)

WBRT followed by SRS 24 (15)

Observation / Follow-up 2 (1)

Other 5(3)

*: One respondent was not included in the analysis as the responses had data entry errors. Not every respondent answered every question. n: Number; PCI: 
Prophylactic cranial irradiation; SCLC: Small cell lung cancer; SRS: Stereotactic radiosurgery; WBRT: Whole brain radiotherapy. 

Table 1 Replies of the respondents to questions 2–7 and 11 (n=164)

Questions n (%)
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For the respondents a�ected by the total number 
and volume of brain metastases when deciding to per-
form SRS (questions 9 and 10), the respective median 
values were 5 (range: 1–20) and 20 cc (range: 2–250 cc).

For the 11th question (Table 1), the majority of the 
respondents preferred SRS a�er intracranial metas-
tasectomy, either alone or a�er WBRT. �irty-seven 
(23%) respondents preferred WBRT alone, and only 
two (1%) respondents opted for observation. For the 
12th question, 60% of the respondents had no corcerns 
when deciding to use SRS (Table 3). On the other hand, 
rapid intracranial progression, lack of scienti�c evi-
dence and short survival were the main concerns when 
deciding for SRS treatment in patients with brain me-
tastases of SCLC.

�e impact of the type of institution, years of expe-
rience, number of cases seen per year and SRS avail-
ability in the institution on the respondent’s approach 
for SRS were seperately analyzed. �e treatment of 
choice in patients both with and without a prior PCI 
was not a�ected by most of the characteristics and ex-
perience of the respondents. Nevertheless, 69% of the 
respondents without SRS in their institution chose 
WBRT for patients with a prior PCI while 71% with 
SRS chose to apply SRS either alone or together with 
WBRT or surgery.

Similarly, while the type of institution, years of ex-
perience, and number of SCLC cases seen per year did 
not have a signi�cant impact, the availability of SRS in 
their institution signi�cantly a�ected the respondents 
while deciding for treatment a�er intracranial metasta-
sectomy. Despite 62% of the respondents without SRS 
in their institution preferred

WBRT, 62% of those with SRS stated that they 
would perform SRS (p=0.013).

�e number of SCLC cases seen per year signi�-
cantly a�ected the responses to many questions. While 
53% of the respondents that see >30 patients per year 
reported that performance status was important, 35% 

of the respondents that see ≤30 patients considered 
it less important (p=0.006). Likewise, 51% of the re-
spondents that see >30 patients per year thought that 
previous PCI was important for their treatment deci-
sion compared to 31% of the respondents that see ≤30 
patients per year (p=0.024). �e presence of extracra-
nial disease also signi�cantly a�ected the the respon-
dents while deciding for treatment. Forty-two percent 
of more experienced respondents thought that it was 
important whereas 33% of the less experienced respon-
dents thought so (p=0.008). 

None of the characteristics signi�cantly a�ected the 
treatment decision regarding the number or volume of 
brain metastases.

Nevertheless, as the number of SCLC patients seen 
per year increased, the concerns about performing SRS 
decreased and even disappeared in some respondents. 
While 34% of the respondents that see fewer cases had 
no concerns, the respective rate for the respondents 
that see more patients was 50% (p=0.074). �e fear of 
rapid progression and short survival were signi�cantly 
a�ected by the number of cases seen per year (p=0.018 
and p=0.028, respectively). �e respondents that see 
fewer patients per year were more concerned about 
short survival while the concerns decreased as the 

Table 2 Responses to question 8 (To what extent do the following factors influence your treatment decision in patients with 
brain metastases in SCLC?)

Never 

n (%)

Rarely 

n (%)

Sometimes 

n (%)

Often 

n (%)

Always 

n (%)

Performance status 0 7 (4) 22 (13) 66 (40) 68 (42)

N of brain metastases 3 (2) 7 (4) 19 (12) 67 (41) 66 (40)

Total intracranial tumor volume 3 (2) 10 (6) 23 (14) 68 (42) 59 (36)

Prior PCI irradiation 2 (1) 11 (7) 34 (21) 54 (33) 61 (37)

Extracranial disease status 1 (1) 12 (7) 34 (21) 57 (35) 59 (36)

n: Number, PCI: Prophylactic cranial irradiation; SCLC: Small cell lung cancer.

Table 3 Responses to question 12 (What are your concerns 
regarding the use of SRS in patients with SCLC 
with brain metastases? You may select more than 
one option)

n (%)

Rapid intracranial progression 83 (51)

Lack of sufficient evidence 46 (28)

Short survival 38 (23)

High cost 5 (3)

Limited access to SRS technology 13 (8)

I have no concerns 65 (40)

n: Number; SCLC: Small cell lung cancer.
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number of patients see per year increased. �e concern 
for rapid progression was signi�cantly increased in the 
respondents that see ≤30 patients per year (p=0.048). 
Similarly, the concern for a short survival was also in-
creased when patients seen per year was ≤30 (p=0.033). 
�ere was a statistically signi�cant di�erence between 
the respondents with and without SRS in their insti-
tution in terms of concerns for the lack of evidence. 
While no respondents without SRS had concerns about 
the lack of evidence, the respective rate for those with 
SRS was 31% (p=0.02). �e distribution of concerns for 
the lack of evidence was similar across di�erent institu-
tion types and years of experience.

DISCUSSION

�is survey among Turkish radiation oncologists 
shows that the decision to perform SRS in patients 
with brain metastases of SCLC depend on the presence 
of a prior PCI, number and volume of metastases, and 
the availability of SRS. �e majority of the respondents 
were experienced for treating SCLC patients with brain 
metastases which came with a decreased concern for 
deciding for SRS treatment. On the other hand, this 
survey is evidence that the more experienced the ra-
diation oncologist is, the more complex the decision 
for SRS is. �e performance status of the patient, prior 
PCI and extracranial disease were the most important 
factors while deciding for SRS.

Brain metastasis is frequently encountered in pa-
tients with SCLC and the management is o�en com-
plicated. Cranial prophylaxis is recommended in pa-
tients without a brain metastasis. However, as cranial 
prophylaxis is known to negatively a�ect the neurocog-
nitive functions, omitting prophylaxis and treating the 
metastasis with SRS once it develops is a frequently dis-
cussed option. Current approach is to perform WBRT 
for brain metastases of SCLC in patients without a 
prior PCI. Contemporary guidelines acknowledge SRS 
as an option in selected patients while adding WBRT 
to SRS is generally not recommended due to the ab-
sence of a demonstrated survival bene�t and the risk of 
increased neurocognitive toxicity.[17] Similarly, there 
were also signi�cant variations among the respondents 
in our survey. Whole brain RT, WBRT+SRS and SRS 
was preferred in patients with brain metastases without 
a prior PCI was 32%, 37%, and 26%, respectively.

In patients with a prior PCI, the optimal manage-
ment strategy remains less clear due to limited pro-
spective data.[14] Retrospective series have reported 

acceptable local control and survival outcomes with 
SRS for intracranial relapse a�er PCI, supporting its 
role as a reasonable salvage treatment option in se-
lected patients.[18] Current guidelines also empha-
size an individualized decision-making and o�en 
favor SRS when feasible rather than re-irradiation 
with WBRT.[17] Consistent with these observations, 
in our survey the majority of the respondents (88%) 
preferred SRS for the management of brain metasta-
ses in patients with a prior PCI.

Prognostic factors play an important role in treat-
ment decisions in patients with brain metastases of 
SCLC. A study have consistently shown that several 
clinical variables including performance status, the 
number of brain metastases, total intracranial tumor 
volume, prior PCI and the presence or last status of 
extracranial disease play an important role in deter-
mining both survival outcomes and optimal treatment 
strategies.[19] However, increasing evidence from ret-
rospective series has suggested that upfront SRS may 
be a reasonable alternative in carefully selected patients 
with a limited number of metastases, demonstrating 
comparable overall survival but higher rates of distant 
intracranial failure requiring close follow up via imag-
ing and potential salvage therapy.[16] In our survey, 
the performance status, number of brain metastases, 
total intracranial tumor volume, a prior PCI and ex-
tracranial disease status signi�cantly a�ected the treat-
ment decision of the respondents. 

Current evidence suggests that SRS may be consid-
ered in carefully selected patients with a limited num-
ber of lesions and low cumulative intracranial tumor 
volume.[20] Clinicians are increasingly considering 
both the number of lesions and the cumulative intra-
cranial tumor volume when determining the eligibility 
for focal therapy.[21] In a study by Aizer et al.,[22] the 
neurological mortality rates were lower when SRS was 
used compared to WBRT in patients with 1–10 brain 
metastasis of SCLC. Furthermore, the authors reported 
a salvage brain RT rate of 22% during the follow-up 
period a�er SRS which is very low. On the other hand, 
the rate of a new brain metastasis was high a�er SRS. 
However, in this study, brain metastases were detected 
early with regular MRI follow-ups a�er SRS. Salvage 
SRS yielded disease control in most patients, reducing 
the need for an additional WBRT. �ese �ndings sup-
port the bene�t of SRS in this patient population. In 
our survey, respondents in�uenced by both the num-
ber and total volume of brain metastases indicated a 
median threshold of 5 metastases and a median total 
intracranial tumor volume of 20 cc.
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In a multi-institutional evaluation of SRS for brain 
metastases, the availability of SRS was found to be the 
strongest prognostic factor and more e�ective than the 
other clinical eligibility factors.[23] In our study, the 
most important factor determining the approach to 
treat a brain metastasis in the non-PCI group was hav-
ing the availability of SRS. 

In cases where surgical resection of brain me-
tastases is performed, postoperative irradiation is 
generally recommended to reduce the risk of local 
recurrence.[24] Stereotactic radiosurgery directed to 
the surgical cavity has emerged as a potential alter-
native to WBRT, particularly because it may achieve 
comparable local control while minimizing neuro-
cognitive toxicity associated with WBRT. �e results 
of our survey demonstrated that Turkish radiation 
oncologists predominantly preferred postopera-
tive SRS following brain metastasectomy in patients 
with SCLC. Furthermore, the availability of SRS was 
highly in�uential in the treatment selection for pa-
tients a�er metastasectomy.

In a survey conducted among the United States-
based radiation oncologists, the number of brain 
metastasis was the most important factor followed 
by the performance status, cognitive function, and 
response to prior treatment when deciding for the 
RT technique.[25] Also, in an analysis conducted 
among European radiation oncologists and medical 
oncologists, WBRT followed by chemotherapy was 
the most frequently recommended treatment method 
for symptomatic patients with brain metastases of 
SCLC. On the other hand, some experts preferred SRS 
in patients with a limited number of metastases. Sig-
ni�cant di�erences were observed in the clinical de-
cision-making process among the European experts 
regarding the �rst-line treatment for patients with 
SCLC and brain metastases in that analysis.[26] In 
our survey, 23% of the respondents hesitated to per-
form SRS due to concerns of short survival in patients 
with SCLC. Also, the respondents that treat a higher 
number of patients per year were mostly a�ected by 
the performance status. We also observed that the re-
spondents with a more extensive clinical experience 
assigned a greater signi�cance to prior PCI.

�is study has several limitations. �e survey does 
not re�ect the evolving treatment paradigms in the era 
of immunotherapy, nor does it address modern neuro-
cognitive protection strategies such as memantine use 
or hippocampal avoidance techniques. Furthermore, 
current approaches integrating SRS with contemporary 
systemic treatments have not been evaluated. Howev-

er, the results provide valuable insights into common 
approaches to managing brain metastasis in patients 
with SCLC. Future research that re�ect modern clini-
cal practices, particularly the integration of immuno-
therapy, neurocognitive protective RT strategies, and 
the increasing role of SRS in the management of brain 
metastasis from SCLC is warranted.

CONCLUSION

Due to the concerns about the rapid recurrence rate 
in other brain regions, 37% of the respondents par-
ticipating in our study preferred adding SRS to WBRT 
in patients without a prior PCI. However, in patients 
with a prior PCI, the most preferred technique was 
SRS/SRT presumably to avoid toxicity. Our �ndings 
are consistent with the literature. �e concern of a 
rapid progression increases as the number of meta-
static lesions increases. As the experience of the re-
spondents increases, they are more likely to choose 
SRS/SRT alone. While the respondents are justi�ed in 
their concerns about the rapid appearance of a new 
brain metastasis, the less toxic and less time-consum-
ing technique of SRS/SRT can become increasingly 
available in patients with a good performance and an 
opportunity to undergo regular MRI checkups.
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Dear Colleague, 

First of all, we would like to thank you for participating in this survey. 

By taking part in this study, you will share your institution’s approach to the management of 
patients with brain metastases from small cell lung cancer. 

Through this nationwide survey conducted across Turkey, we aim to obtain an overall 

perspective on current clinical practices for the treatment of these patients. 

All information collected will be used solely for research purposes. No personal data will be 

shared, and the results of the survey will be presented anonymously. 

Thank you for your valuable contribution. 

1. How old are you? 

    ____ years 

2. What is the type of institution you currently work in? 

(Please select one) 

☐ University Hospital 

☐ Training and Research Hospital 

☐ Private Hospital 

☐ Public (State) Hospital 

3. How many years have you been practicing as a radiation oncologist? 

☐ 0–5 years 

☐ 6–10 years 

☐ 11–20 years 

☐ 21 years or more 

4. How many small cell lung cancer (SCLC) cases do you see per year? 

☐ 1–10 

☐ 11–30 

☐ 31–50 

☐ ≥51  



5. Does your institution have the facility and equipment to perform stereotactic radiosurgery 

(SRS)? 

(Please select one) 

☐ Yes 

☐ No 

6. What is your preferred approach for patients who develop brain metastases after 

prophylactic cranial irradiation (PCI)? 

(Please select one) 

☐ Surgery 

☐ Whole-brain radiotherapy (WBRT) 

☐ Stereotactic radiosurgery (SRS) 

7. What is your preferred treatment approach for patients with SCLC who present with brain 

metastases and have not received PCI? 

(Please select one) 

☐ Whole-brain radiotherapy (WBRT) 

☐ Stereotactic radiosurgery (SRS) 

☐ WBRT followed by SRS 

☐ Surgery 

☐ Surgery followed by cavity-directed SRS 

8. To what extent do the following factors influence your treatment decision in patients with 

brain metastases in SCLC? 

 Never Rarely Sometimes Often Definitely 

Performance status ☐ ☐ ☐ ☐ ☐ 

Number of brain metastases ☐ ☐ ☐ ☐ ☐ 

Total intracranial tumor volume ☐ ☐ ☐ ☐ ☐ 

Prior prophylactic cranial irradiation (PCI) ☐ ☐ ☐ ☐ ☐ 

Extracranial disease status ☐ ☐ ☐ ☐ ☐ 

 

9. If the number of brain metastases influences your decision to perform SRS, what is the 

maximum number of metastases for which you would consider SRS? 



    ____ metastases 

10. If the total intracranial tumor volume influences your decision to perform SRS, what is the 

maximum total tumor volume (in cc) for which you would consider SRS? 

    ____ cc 

11. What is your preferred approach for a patient who has undergone intracranial 

metastasectomy? (Please select one) 

☐ Whole-brain radiotherapy (WBRT) 

☐ Stereotactic radiosurgery (SRS) 

☐ WBRT followed by SRS 

☐ Observation / Follow-up 

☐ Other: _________ 

12. What are your concerns regarding the use of SRS in patients with SCLC with brain 

metastases?(You may select more than one option) 

☐ Rapid intracranial progression 

☐ Lack of sufficient evidence 

☐ Short overall survival 

☐ High cost 

☐ Limited access to SRS technology 

☐ I have no concerns 

☐ Other: _________ 
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INTRODUCTION

Solitary plasmacytomas are a subset of plasma cell neo-
plasms, ranging from monoclonal gammopathy of un-
determined signi�cance to multiple myeloma (MM).
[1] Histologically, they are characterized by increased 
proliferation of plasma cells. Unlike MM, solitary plas-
macytomas do not exhibit end-organ damage or wide-

spread bone involvement. �ese tumors account for 
5% of all plasma cell neoplasms and can be categorized 
as solitary extramedullary plasmacytomas (SEPs) or 
solitary bone plasmacytomas.[2] SEPs constitute one-
third of all plasmacytoma cases.[3] 

Extramedullary solitary plasmacytomas can develop 
throughout the body, with a predilection for the head 
and neck region.[3] �ese tumors typically reside sub-
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OBJECTIVE

Solitary extramedullary plasmacytomas (SEP) are rare plasma cell tumors that primarily occur in the head 
and neck regions. Due to their rarity, retrospective series can provide valuable insights into their clinical 
behavior and management, contributing to the re�nement of treatment strategies. �is study aimed to 
report cases of SEPs in the head and neck region treated with radiotherapy (RT) over the last 20 years.

METHODS

Ten patients were enrolled in this study between January 2004 and January 2024. �eir clinicopatholog-
ical features and treatment protocols were recorded, and disease outcomes were analyzed. 

RESULTS

�e most common tumor site was the nasopharynx (n=5), followed by the nasal cavity (n=2). Nine of 
ten patients were initially treated with RT at the primary site. �e median RT dose was 45.5 Gy (40–
58). Complete response (CR) was achieved in nine of 10 patients. �e median survival duration was 74 
months. �e 5-year progression-free survival (PFS) rate was 85%. Only one patient developed a new 
bone plasmacytoma during the follow-up. No patient experienced transformation to multiple myeloma.

CONCLUSION

�e prognosis of SEP is favorable, with rare recurrence, metastasis, and transformation to multiple myeloma. 
Further multicenter prospective studies are necessary to optimize management strategies for this rare entity.
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mucosally in the upper respiratory tract and o�en lead 
to symptoms such as obstruction, swelling, and bleed-
ing.[4] �e median age at SEP diagnosis is the 5th or 6th 
decade, approximately 10 years younger than that for 
MM diagnosis.[5,6] A notable sex disparity has been 
reported in SEP cases, with two-thirds of the patients 
being male.[7] Diagnostic evaluation involves a com-
prehensive approach including medical history taking, 
physical examination, blood tests, imaging studies, bone 
marrow biopsy, serum protein electrophoresis, urine 
evaluation for myeloma proteins, and skeletal survey.[1] 

�e rarity of SEPs has resulted in a paucity of high-
level evidence regarding their treatment. Given the ra-
diosensitivity of these tumors, radical RT is typically 
administered a�er biopsy.[8] RT doses reported in case 
reports from the 1950s to the present vary widely, rang-
ing from 35 to 65 Gy.[8–10] Local control rates follow-
ing RT have been reported to range from 80% to 100%.
[8–15] �e bene�ts of elective lymphatic irradiation re-
main unclear, and it is generally not recommended.[7] 

Surgical intervention is not initially advised because 
of the challenges associated with achieving complete 
tumor removal and the potential for morbidity in the 
head and neck region.[8,16] Adjuvant RT is o�en nec-
essary even when surgical excision is performed. Some 
case studies have suggested that combined treatment 
modalities may result in improved local control.[7] �e 
role of systemic therapy at the plasmacytoma stage re-
mains unclear, and it is not routinely recommended.[2] 

RT achieves high local control rates during the treat-
ment of plasmacytomas. However, posttreatment dis-
ease progression can manifest as local recurrence, new 
plasmacytoma sites (most commonly in the bone), or 
transformation to MM. Transformation to MM is less 
frequent in patients with extramedullary plasmacytomas 
than in those with bone plasmacytomas.[7] Progression 
to MM is a signi�cant prognostic factor for survival. 
Various factors, such as tumor size, bone involvement, 
and radiation dose, have been investigated for their pre-
dictive value.[3,5,7,13] Nonetheless, the very low inci-
dence of this tumor type precludes the optimal determi-
nation of predictive factors without prospective studies.

Given the rarity of SEPs, insights from retrospec-
tive studies are essential for bridging existing knowl-
edge gaps, re�ning treatment protocols, and pro-
viding a foundation for future research to improve 
patient care and prognosis. Understanding the clini-
cal behavior of these tumors, particularly in the head 
and neck region, is crucial for tailoring e�ective and 
individualized treatment strategies. �is study aims 
to evaluate the clinical features and treatment man-

agement of SEPs in the head and neck region reported 
over the last 20 years at Istanbul University Oncology 
Institute and Koç University.

MATERIALS AND METHODS

�e medical records of all patients treated for SEPs of the 
head and neck at the two institutions between January 
2004 and January 2024 were retrospectively reviewed. 
�e Istanbul University Oncology Institute Review Board 
approved this study (Date: 29/04/2025, No: 2025/1174) 
and the study is conducted according to Declaration of 
Helsinki. Patient demographic data, initial tumor pre-
sentation, treatment details and survival outcomes were 
retrieved from institutional databases. Written informed 
consent was obtained from the all patients. 

�e inclusion criteria were as follows:[17]
1. Histologically con�rmed plasmacytoma of the so� 

tissue of the head and neck region,
2. Normal skeletal survey,
3. Normal bone marrow biopsy,
4. No evidence of end-organ damage (anemia, hyper-

calcemia, renal insu�ciency).
Patients with solitary bone lesions were excluded. 

Ten patients from two institutions were analyzed.
Systemic staging for all patients included physi-

cal examination, complete blood counts, biochemical 
analysis, serum and urine protein electrophoresis, and 
bone marrow aspiration/biopsy. Regarding imaging 
modalities, while positron emission tomography (PET-
CT) has been performed systematically for initial stag-
ing and follow-up since its clinical introduction in our 
center in 2009, staging for patients treated prior to this 
period relied on conventional methods, including skel-
etal surveys (plain radiography) and/or magnetic reso-
nance imaging (MRI) or computed tomography (CT).

Response assessment was typically performed 3 to 6 
months a�er the completion of therapy, preferably uti-
lizing MRI and/or PET-CT scans. Treatment response 
was assessed using the RECIST (Response Evaluation 
Criteria in Solid Tumors) criteria v1.1, where CR was 
de�ned as the disappearance of all target lesions on 
follow-up imaging.

Following the completion of RT, patients were fol-
lowed concurrently by radiation oncology and hema-
tology clinics every 3 months for the �rst 2 years, ev-
ery 6 months for the subsequent 3 years, and annually 
therea�er. Follow-up evaluations consisted of physical 
and endoscopic examinations, laboratory tests (includ-
ing complete blood count, biochemistry, and serum 
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protein electrophoresis), and imaging (CT or MRI of 
the head and neck). PET-CT was performed in cases of 
clinical or radiological suspicion to assess local control 
or potential systemic progression.

Statistical Analysis 
�e data were analyzed, and categorical variables were 
summarized by frequency and percentage, and quanti-
tative variables, by median and range. Statistical analy-
ses were performed using IBM SPSS, version 26.0, pro-
gram. Progression-free survival was calculated from 
the date of diagnosis to any type of disease progres-
sion. Overall survival was calculated from the date of 
diagnosis to death or the last follow-up date. Survival 
curves were plotted using the Kaplan–Meier method.

RESULTS

Ten patients were diagnosed with SEPs in the head and 
neck region, nine of whom were male. �e median pa-
tient age was 60 (range: 37–83). Detailed clinicopatho-
logic data are presented in Table 1. 

�e majority of cases (80%) were localized in the 
sinonasal area, with the nasopharynx being the most 
frequent site. Immunohistochemistry showed an equal 
distribution of kappa and lambda light-chain predomi-
nance. Systemic involvement was ruled out in all patients; 
PET-CT scans performed in eight patients (80%) showed 
no distant metastasis. Bone marrow biopsies con�rmed 
less than 5% plasma cell in�ltration in all cases.

Diagnostic biopsy was the primary surgical in-
tervention in eight patients, while two cases required 

more extensive procedures: one excisional biopsy for 
a nasopharyngeal tumor and one maxillectomy for a 
maxillary sinus tumor. All 10 patients received RT as 
the de�nitive treatment, with a median dose of 45.5 
Gy (range: 40–58 Gy). �e majority (n=7) were treated 
with intensity-modulated radiation therapy (IMRT), 
and one patient received elective neck irradiation.

Regarding clinical outcomes, nine patients (90%) 
achieved CR. One patient exhibited minimal residual 
disease on PET-CT and MRI three months post-RT; 
however, the lesion remained stable during 16 months 
of radiological follow-up (Table 2).

�e median survival time was 74 months (range: 
13–187 months), with a 5-year PFS rate of 85% (Fig. 1). 
During the follow-up period, only one patient devel-
oped a solitary bone plasmacytoma, and treated with 
systemic treatment. None of the patient’s condition 
progressed to MM.

DISCUSSION

Most plasma cell neoplasms are MM, with solitary 
plasmacytomas accounting for approximately 5–6% of 
all plasma cell neoplasms.[2] Of the solitary plasma-
cytomas, approximately 20–30% are extramedullary 
and o�en occur in the head and neck region.[3,18] 
Over the past 20 years, Istanbul University Oncology 
Institute and Koç University treated 10 patients with 
extramedullary plasmacytomas in the head and neck 
region. In our cohort, nine of ten patients achieved 
CR, with an overall survival of 100% and a �ve-year 
PFS rate of 85% at the last follow-up. 

Table 1 Clinical characteristics of patients with solitary extramedullary plasmacytomas

Patient Age Sex Tumor 

location

Tumor

diameter 

(cm)

Bone 

erosion

Immunohistochemical 

analysis

First 

surgery

PET-CT Bone marrow 

biopsy

1 37 M Maxillary

sinus

3.1 No Plasma cell infiltration Right

maxillectomy

No Normocellular

2 63 M Nasopharynx 2 No Lambda type Biopsy Yes Normocellular

3 68 M Nasopharynx 2.3 No Lambda type Biopsy No 3–5% plasma cells

4 57 M Nasopharynx 2.3 No Kappa type Excisional 

biopsy

Yes <5% plasma cells

5 51 M Larynx 1 No Lambda type Biopsy Yes <5% plasma cells

6 49 M Nasopharynx 2.2 No Kappa type Biopsy Yes 3–5% plasma cells

7 83 M Nasal cavity 6.5 Yes Lambda type Biopsy Yes 3% plasma cells

8 44 M Gingiva 2.7 Yes Plasma cell infiltration Biopsy Yes 3–5% plasma cells

9 66 M Nasopharynx 2.3 No Kappa type Biopsy Yes Normocellular

10 70 F Nasal cavity 2.2 No Kappa type Biopsy Yes Normocellular

M: Male; F: Female; PET-CT: Positron emission tomography.
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Extramedullary plasmacytomas tend to recur lo-
cally, and progression to MM is less common in this 
patient group than in patients with bone plasmacyto-
mas, a�ecting 10–30% of the patients over a decade.[2] 
Nevertheless, owing to the risk of progression to MM, 
these patients require ongoing hematological moni-
toring. Progression from a plasmacytoma to MM can 
take years, making long-term follow-up crucial for un-
derstanding the prognosis. In our cohort, none of the 
patients experienced local recurrence or progression 
to MM, despite 60% of our sample having a follow-up 
period exceeding �ve years. Although one patient de-
veloped a new solitary bone plasmacytoma, this was 
successfully managed with salvage therapy. 

In a meta-analysis of 315 patients, the most com-
mon site of involvement was the sinonasal region 
(paranasal sinuses, 22.3%; nasal cavity, 17.5%; naso-
pharynx, 10.8%).[7] Furthermore, the Surveillance, 
Epidemiology, and End Results (SEER) analysis of 690 
patients found that nasal cavity and paranasal sinus in-
volvement accounted for 32.3% of the cases, while na-
sopharyngeal involvement was not reported separately.
[19] In our study, eight of the 10 patients had tumors 
located in the sinonasal region.

For patients with SEPs, the presence of bone ero-
sion and a tumor diameter exceeding �ve cm are as-
sociated with worse survival and an increased risk of 
progression to MM.[7,13] Large tumors, especially 
those involving the sinonasal region, present signi�-
cant surgical challenges and are o�en managed pri-
marily with RT. One patient in our cohort with a bulky 
tumor and extensive nasal cavity bone invasion exhib-
ited residual anatomic and metabolic �ndings at the 

initial post-RT evaluation. Despite these features, the 
lesion has remained stable over 16 months of follow-
up without additional intervention. Similarly, another 
patient with mandibular bone destruction achieved a 
CR despite minimal post-treatment FDG uptake and 
persistent minor bone erosion on imaging. �ese cases 
indicate that in highly radiosensitive tumors like SEP, 
post-treatment imaging �ndings even in the presence 
of initial bone destruction must be interpreted with 
caution to avoid unnecessary over-treatment.

For the treatment of SEPs in the head and neck re-
gion, RT is typically administered as the primary treat-

Fig. 1. Progression-free survival curve of 10 patients.

Table 2 Treatment characteristics of patients with solitary extramedullary plasmacytomas

Parameter Subgroup n PR (n) New lesion (n) MM (n) 

Tumor size ≤5 cm 9 0 1 0

>5 cm 1 1 0 0

Bone erosion Absent 8 0 1 0

Present 2 1 0 0

Anatomic Site Sinonasal 8 1 1 0

Others 2 0 0 0

RT Dose 40–45 Gy 5 0 0 0

>45 Gy 5 1 1 0

Treatment modality Definitive RT 8 1 1 0

Surgery + RT 2 0 0 0

RT technique IMRT 7 1 1 0

2DRT 3 0 0 0

RT: Radiotherapy; Gy: Gray; MM: Multiple myeloma; 2DRT: Two-dimensional radiotherapy; IMRT: Intensity-modulated radiotherapy; PR: Partial response.
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ment option, with a local control rate of up to 80%.
[8–15] Owing to the high risk of morbidity and radio-
sensitivity, surgery is generally not the preferred prima-
ry treatment option. Achieving clear surgical margins is 
challenging, and RT is o�en administered in addition to 
surgery. Some studies have reported higher local control 
rates when surgery and RT are combined.[7] In our se-
ries, the majority of patients (n=8) were treated with de-
�nitive RT alone, and none experienced local recurrence 
or progression. A recent meta-analysis by Vasudevan 
et al.[20] examined 742 patients with SEPs in 12 stud-
ies, including those with tumors outside the head and 
neck region. �ey found that patients who received RT 
had signi�cantly lower rates of progression to MM than 
those treated with surgery alone. �e authors attributed 
this �nding to the ability of RT to provide su�cient cov-
erage of microscopic residual tumor cells, which may be 
missed during surgical excision. Within the limitations 
of our small cohort, these outcomes are consistent with 
the view that RT can be e�ective as a standalone treat-
ment for SEPs in the head and neck region. 

In various studies, the radiation dose administered 
for treating head and neck SEPs ranges from 30 to 65 
Gy.[8–10] Evidence suggests that doses exceeding 40 
Gy or 45 Gy improve local control.[7,10,21] �e Inter-
national Lymphoma Radiation Oncology Group (IL-
ROG) guidelines recommend a radical treatment dose 
of 40–50 Gy for head and neck SEPs.[2] Nevertheless, 
establishing RT dosing guidelines remains challenging 
owing to the limited number of prospective studies, 
and the correlation between the RT dose and PFS war-
rants further investigation. In our series, the median 
radiation dose was 45.5 Gy and radiation doses ranged 
from 40 to 58 Gy. Even at the minimum dose of 40 Gy, 
all patients (n=3) achieved a CR and maintained long-
term local control. �e use of higher doses (up to 58 
Gy) in some cases re�ected individualized treatment 
decisions from the earlier years of the study. 

SEPs are generally localized diseases, with neck me-
tastasis occurring in 5–20% of the cases.[7] Advances in 
radiological imaging technologies have facilitated the 
detection of neck metastases. During follow-up, neck 
recurrence is observed in approximately 5% of patients, 
and salvage treatments demonstrate a high success rate. 
�erefore, elective lymphatic irradiation during RT is 
controversial and its bene�t is unclear if neck metasta-
sis is not detected.[7] According to ILROG guidelines, 
elective lymphatic irradiation is not recommended un-
less there is a high risk of metastasis, as observed in pa-
tients with bulky tumors.[2] In our series, elective neck 
treatment was administered to only one patient.

Our study covers a 20-year period, which inherently 
introduces some heterogeneity due to advancements in 
RT techniques and imaging modalities. �e transition 
from 2D-RT to modern techniques like IMRT repre-
sents a signi�cant shi� in treatment precision. Despite 
these technological di�erences, the consistently high 
local control rates were observed across our cohort. �e 
outcomes observed in our study, although based on a 
limited number of patients, are broadly consistent with 
the reported literature on head and neck SEPs. However, 
due to the inherent limitations of a small, retrospective 
cohort, our results should be interpreted with caution 
and validated by larger, multicenter pooled analyses.

Limitations of the Study
�is is a retrospective study with a small number of pa-
tients. Since patients were collected over a long period 
of 20 years, there is variability in the RT techniques, 
radiation �elds and doses administered. In rare tumors 
like SEP, where treatment approaches are based on ret-
rospective data, there can be signi�cant di�erences in 
approach even among physicians in the same clinic.

CONCLUSION

�is study indicates that RT provides high local con-
trol and a favorable prognosis for SEPs of the head and 
neck. Although no progression to MM was observed 
within this cohort, the potential for late systemic trans-
formation warrants long-term multidisciplinary moni-
toring. Given the rarity of the disease and the limited 
sample size, these �ndings should be interpreted as ex-
ploratory, underscoring the need for larger multicenter 
studies to further optimize management strategies.
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INTRODUCTION

Every year 150,000-300,000 people worldwide are 
treated with pelvic radiotherapy (RT), mostly for can-
cers of the rectum, bladder, prostate, cervix and en-
dometrium.[1,2] While pelvic RT aims to eradicate 
cancerous tissues, it can also cause radiation-induced 

side e�ects on surrounding healthy organs and tissues. 
Hence, organ mobility and dose distribution should be 
carefully evaluated in treatment planning. In patients 
undergoing pelvic RT, rectum and bladder fullness are 
important determinants of organ doses at risk. Bladder 
fullness at the same volume as the planning computed 
tomography (CT) will ensure that the radiation dose 

ORIGINAL ARTICLE
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OBJECTIVE

�e aim of this study was to investigate the e�ect of the use of bladder ultrasonography (USG) on time 
and workforce e�ciency in patients with prostate, bladder, cervix, endometrium and rectal cancer un-
dergoing curative pelvic radiotherapy (RT) in a radiation oncology clinic. 

METHODS

�e study included 142 patients who underwent pelvic RT. �e prospective study group (n=71) un-
derwent bladder USG, while the other patients included in the study (n=71) who received standard 
treatment were designated as the retrospective historical control group. All patients underwent planning 
tomography (CT), set-up veri�cation was performed with cone beam computed tomography (CBCT) in 
the �rst 3 fractions and then evaluated with CBCT once a week. All analyses were performed using IBM 
SPSS Statistics Version 25 package program. A value of P<0.05 was determined as the signi�cance level.

RESULTS

Patients who did not undergo USG underwent 846 CBCTs and patients who underwent USG underwent 
809 CBCTs. Although not signi�cant, fewer CBCTs were performed in the USG group. When patients with 
prostate cancer were analyzed; 37 patients with prostate cancer who did not undergo USG had a total of 
476 CBCTs at the end of treatment. In 37 patients with prostate cancer who underwent USG, a total of 427 
CBCTs were performed. �e di�erence between these two groups was statistically signi�cant (p=0.009).

CONCLUSION

In patients undergoing pelvic RT, both pre-planning CT and pre-treatment USG were used to determine 
bladder fullness.

Keywords: Cone beam computed tomography; pelvic neoplasms; radiotherapy; urinary bladder; ultrasonography.
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received by organs at risk is at levels accepted during 
planning. In patients undergoing pelvic RT for curative 
purposes, it is recommended that the bladder be full 
during treatment in order to reduce intestinal doses.
[3,4] For this purpose, patients who will undergo pel-
vic RT are asked to drink water in moderation before 
each treatment, and a�er waiting for a certain period 
of time and taking into account the patient’s state-
ment regarding urinary urgency, the treatment phase 
is started.[5] However, bladder fullness cannot always 
be achieved at the intended level due to many factors 
such as individual patient-related di�erences, changes 
occurring during the disease process, hydration level 
and physiologic responses to treatment, and this may 
prevent the lower intestinal doses provided by blad-
der fullness. In addition, since changes in bladder full-
ness may cause target organ movement, inadequate 
dose coverage will occur unless very large margins are 
used.[6] Failure to achieve adequate bladder fullness 
may cause undesired side e�ects and may present an 
undesirable therapeutic index with worse oncologic 
outcomes. With the bladder fullness protocols in clin-
ics, pelvic RT is administered a�er drinking a certain 
amount of water and waiting for a standard period of 
time, taking into account the patient’s statement, but 
in case of insu�cient fullness, the completion time of 
each radiotherapy fraction is prolonged, more cone 
beam computed tomography (CBCT) is taken and this 
interrupts routine clinical processes and work. Espe-
cially in underdeveloped and developing countries, 
prolongation and delays in treatments are undesirable 
considering the access to RT machines and the num-
ber of patients per machine. Repeated CBCT imaging 
due to �eld mismatch will increase the total radiation 
dose received by patients and the risk of long-term 
side e�ects in these patients. Inadequate bladder �lling 
may lead to increased bowel doses, while over�lling of 
the bladder may negatively a�ect patient comfort and 
lead to additional complications during the treatment 
process. In addition, the bladder volume on planning 
CT should be in the same position and fullness as on 
planning CT in each fraction for an accurate treatment. 
�erefore, it is of great importance to follow the blad-
der preparation protocol of the clinic and to measure 
bladder fullness with an objective assessment method 
and to manage the treatment process accordingly.

In our study, we evaluated bladder �lling in patients 
undergoing curative pelvic RT using a portable hand-
held ultrasound (USG) device before the planning CT 
scan and before CBCT during RT sessions. We investi-
gated whether the use of USG reduced the need for re-

peated CBCT scans when bladder �lling was found to 
be inadequate. USG is a non-invasive and rapid meth-
od that allows for a more e�ective assessment of blad-
der fullness without negatively impacting the patient’s 
treatment process. In our study, we aimed to evaluate 
whether the use of USG can be integrated into clinical 
practice to increase patient compliance and comfort, 
reduce unnecessary radiation exposure, and contribute 
to making treatment more e�cient by shortening the 
treatment preparation process.

MATERIALS AND METHODS

Patient Characteristics
�is non-randomized study included a total of 142 
patients who underwent curative pelvic RT for pros-
tate, endometrial, cervical, rectal, and bladder cancer. 
Inclusion criteria were age >18 years, Karnofsky Per-
formance Status (KPS)>60, con�rmation of a histo-
pathologic diagnosis, and completion of curative pelvic 
RT. Patients with KPS<60, those who did not complete 
their treatment, and those who underwent palliative 
pelvic RT were excluded from the study.

�e study utilized a prospective cohort with a 
retrospectively matched historical control group. 
�e study group (n=71) undergoing pre-treatment 
mobile bladder USG assessment was enrolled pro-
spectively through consecutive recruitment between 
January 2023 and October 2023. To form the control 
group without USG (n=71), medical records of pa-
tients who had previously received standard treat-
ment between January 2022 and December 2022 
were retrospectively screened.

To minimize selection bias, these historical con-
trol patients were matched 1:1 to the prospective study 
group based strictly on their primary diagnosis. �ere-
fore, the distribution of the 71 patients was identical in 
both groups: 37 had prostate cancer, 14 had endome-
trial cancer, 10 had cervical cancer, 9 had rectal cancer, 
and 1 had bladder cancer.

Ethics committee approval was obtained from the 
institutional non-interventional clinical research eth-
ics board on 18.01.2022 (Approval No: E-25403353-
050.99-296077) and the study is conducted according 
to Declaration of Helsinki. �is study was supported by 
an institutional scienti�c research project grant (Proj-
ect No: TSA-2022-2416).

Set-Up and Treatment Planning
Planning CT scans were obtained using a Siemens So-
matom De�nition AS model with a 2.5 mm slice thick-
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ness, from the end of the liver to the middle of the fe-
mur. During treatment, patients were evaluated with 
CBCT in the �rst three fractions and subsequently 
once a week. According to our clinic protocol, patients 
were instructed to empty their bladder, drink 1 liter of 
water within 30 minutes, and wait for another 30 min-
utes before the planning CT scan. �is procedure was 
repeated before each treatment session. Patients were 
treated with Varian Truebeam version 2.7 and Varian 
Trilogy version 9.1.1 devices.

Half of the patients included in the study (n=71) 
underwent a mobile bladder USG before the plan-
ning CT and each CBCT. �e transverse diameter 
was measured by a single radiation oncologist in the 
outpatient treatment room just before the patient was 
taken to the treatment room to assess bladder full-
ness. A SeaMed C3 Handheld Ultrasound with a con-
vex probe was used. If the bladder diameter measured 
during the planning CT was not reproduced within a 
tolerance limit of ±5 mm, treatment was not initiated, 
and the set-up process was repeated. �e remaining 
patients (n=71), who did not undergo USG assess-
ment, constituted the control group. �e number of 
CBCT scans in the USG group was compared with 
that of the control group.

Statistical Analysis
Statistically, the conformity of continuous variables to 
normal distribution according to groups was evalu-
ated by Kolmogorov-Smirnov normality test. In the 
comparison of continuous variables between groups, 
Student’s t test was used for variables conforming to 
normal distribution and Mann-Whitney U test was 
used for variables not conforming to normal distri-
bution. P<0.05 was set as the signi�cance level. All 
analyses were performed using IBM SPSS Statistics 
Version 25 package program.

RESULTS

Our study included 142 patients who underwent 
pelvic RT for prostate, endometrium, cervix, rectum 
and bladder cancer. Of these patients, 87 (61.3%) 
were male and 55 (38.7%) were female. �e median 
age of the patients was 67 years (min: 31-max: 83) �e 
median KPS was 90 (min: 70-max: 100) Patient and 
tumor characteristics are summarized in Table 1. Of 
the 71 patients in each group with and without USG, 
37 were diagnosed with prostate cancer, 14 with en-
dometrial cancer, 10 with cervical cancer, 9 with rec-
tal cancer and 1 with bladder cancer.

A total of 846 CBCT scans were performed in pa-
tients without USG and 809 CBCT scans were per-
formed in patients with USG. �e �ndings are avail-
able in Figure 1. Although not signi�cant, fewer CBCTs 
were performed in the group that underwent USG 
(p=0.296). In the non-USG group, 96 CBCTs were per-
formed due to bladder incompatibility, while 54 CBCTs 
were performed in the USG group.

When patients with prostate cancer were analyzed; 
37 patients with prostate cancer who did not undergo 
USG had a total of 476 CBCTs at the end of treatment 
and the average number of CBCTs per person was 
12.86. In 37 patients with prostate cancer who under-
went USG, a total of 427 CBCTs were performed and 
the mean number of CBCTs was 11.54. Compared to 
the control group who did not undergo USG, it was 
observed that fewer CBCTs were performed in patients 
who underwent USG. �e di�erence between these 
two groups was statistically signi�cant (p=0.009). In 
the non-USG group, 41 CBCTs were performed due to 
bladder discordance. In the group that underwent USG, 
this value was 21. �e graph is available in Figure 2. 

Figure 3 shows how the bladder diameter was eval-
uated in the USG taken before planning CT, in the 
planning CT and in the CBCT image taken on the �rst 
day of treatment in a patient with prostate cancer.

DISCUSSION

Pelvic RT remains a cornerstone treatment for various 
pelvic malignancies including prostate, endometrial, 
cervical, rectal, and bladder cancers. Treating patients 
with a full bladder and maintaining this condition 
throughout the treatment is important for both treat-

Table 1 Patient and tumor characteristics

Features n %

Sex 55 38.7

Female

Male 87 61.3

KPS, median (min/max) 90 (70/100)

Age, median (min/max) 67 (31/83)

Diagnosis

Prostate cancer 74 52.1

Bladder cancer 2 1.4

Cervical cancer 20 14

Endometrial cancer 28 19.6

Rectal cancer 18 12.5

KPS: Karnofsky performance score.



189Yücel et al.

E�cacy of Portable Bladder Ultrasound

ment e�cacy and toxicity management. A full bladder 
signi�cantly displaces the small intestine out of the ra-
diation �eld, thereby reducing the risk of bowel toxic-
ity.[7,8] Ensuring bladder fullness at the beginning of 
treatment and maintaining it throughout the treatment 
fractions is equally important. Changes in daily blad-
der �lling can lead to intra- and inter-fraction target 
motion, a�ecting the dose delivered to the clinical 
target volume (CTV) and the planned target volume 
(PTV).[9–11] �is may cause the desired ideal thera-
peutic index to be exceeded, resulting in worse onco-
logical outcomes and greater toxicity.

Several studies have shown that bladder �lling ca-
pacity decreases during pelvic RT.[12,13] Acute radia-

tion-induced side e�ects and changes in patient habits 
during treatment are among the contributing factors. 
Radiation-induced in�ammation of the bladder muco-
sa may lead to an increase in urinary frequency, which 
may make it di�cult to �ll the bladder to the desired 
level during the treatment process.[14] In addition, pa-
tients may change their �uid consumption habits while 
adapting to the treatment process over time, which 
may lead to di�erences in bladder �lling levels between 
fractions. In the current literature, di�erent methods 
have been investigated to assess and optimize blad-
der �lling. Umesh et al.[15] performed bladder USG 
in 46 patients receiving curative RT for cervical can-
cer before planning CT and 45 minutes a�er emptying 

Fig. 1. Distribution of all patients. Fig. 2. Patients with prostate cancer.

Fig. 3. Patient with prostate cancer. Bladder diameter as measured with USG: 76.6 mm; on planning CT: 76.2 mm; and 
on the �rst day of treatment with CBCT: 76.6 mm.

 USG: Ultrasound; CT: Computed tomography; CBCT: Cone beam computed tomography.
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the bladder before treatment once a week and then at 
15 minute intervals until a bladder volume of 300 ml 
was reached. �ey aimed to �nd the time required to 
reach an intermediate bladder volume by performing 
this procedure for 5 weeks. �ey demonstrated that 
this was reproducible by reaching intermediate blad-
der volume in an average of 65 minutes. �is study em-
phasizes the importance of applying a standard bladder 
�lling protocol to patients.

In a study by O’Doherty et al.[16] evaluating blad-
der �lling changes in prostate cancer patients treated 
with RT, bladder USG was performed before planning 
CT and once a week before treatment. In this study, 
they found that bladder �lling changed over the course 
of treatment and that smaller bladder volumes were 
more sustainable during planning. In this study, they 
also observed that providing patients with brochures 
with written bladder �lling instructions given to the 
patients before treatment and practicing at home in 
this way were also important in maintaining bladder 
fullness. �is �nding shows that patient education and 
informational materials have an important place in the 
clinical process. In another study conducted by Luo et 
al.[17] with 22 patients undergoing RT, patients were 
divided into two groups: those who underwent pre-
treatment USG and those who did not. �e group that 
received USG showed more consistent bladder fullness 
across fractions compared to planning CT. Another 
important �nding of this study was that the CTV-PTV 
margin was reduced from 11.1 mm to 6.4 mm in the 
USG group by providing less displacement of the target 
volume. �is study reveals that the use of USG is an 
important tool not only to assess bladder fullness but 
also to better establish treatment targets.

In the study by Reilly et al.[18] daily bladder ultra-
sound (USG) was shown to be highly e�ective in pre-
dicting whether target and organ doses would be met 
in patients receiving postprostatectomy radiotherapy. 
�e researchers particularly emphasized that accurate-
ly estimating daily bladder volume with USG provides 
much of the information that would be seen on CBCT 
before starting treatment, thereby reducing the need 
for unnecessary CBCT scans. �ey noted that this ap-
proach both reduces the number of CBCTs performed 
on the patient and increases the utilization e�ciency 
of the treatment device. Our study supports these �nd-
ings and demonstrates that the use of USG not only 
increases dose conformity but also shortens treatment 
time and reduces workload by decreasing the number 
of CBCTs. �erefore, both studies demonstrate that 
integrating daily bladder USG into the pelvic radio-

therapy work�ow provides signi�cant contributions in 
terms of both patient comfort and clinical e�ciency.

Recent prospective data also support ultrasound as 
an e�ective tool for assessing bladder volume during 
pelvic radiotherapy. In a prospective study involving 
22 patients undergoing treatment for prostate cancer, 
daily ultrasound measurements showed a very strong 
correlation (r=0.888) with bladder volume measure-
ments obtained using CBCT. It was emphasized that 
daily ultrasound use could be an e�ective alternative 
to CBCT for monitoring bladder fullness during treat-
ment, thereby reducing radiation exposure by decreas-
ing the number of repeated CBCT scans.[19]

Interestingly, while the use of USG signi�cantly 
reduced the number of CBCTs in prostate cancer pa-
tients, this e�ect did not reach statistical signi�cance in 
the broader pelvic group. We attribute this discrepancy 
to the di�erent primary sources of interfractional un-
certainty among these malignancies. In prostate radio-
therapy, anatomical uncertainty is predominantly driv-
en by variations in bladder and rectal �lling; therefore, 
verifying bladder volume with USG prior to setup e�ec-
tively eliminated the main source of error, signi�cantly 
reducing the need for extra CBCTs.[20] In contrast, for 
other pelvic tumors (particularly gynecological cases), 
interfractional anatomical changes are multifactorial. 
Even when bladder volume is strictly maintained with-
in optimal tolerances using USG, treatment-related tu-
mor regression, weight loss, signi�cant so�-tissue de-
formation, and independent organ motion (e.g., shi�s 
in uterine position) frequently occur.[21] Consequent-
ly, additional CBCT scans were still frequently required 
in this cohort to verify overall anatomical integrity and 
target position, entirely independent of bladder �lling 
status. �is multifactorial need for imaging overshad-
owed the potential bene�t of USG, rendering its e�ect 
on reducing the total CBCT count statistically non-sig-
ni�cant in the broader pelvic group.

It is thought that the use of pelvic ultrasound can 
reduce treatment time and costs by decreasing the use 
of CBCT, thereby improving patient compliance. In 
our clinic, an average CBCT session lasts approximate-
ly 7 minutes. �e use of mobile bladder USG resulted 
in 42 fewer CBCT scans across the study group, saving 
a total of 294 minutes of treatment unit time. Since the 
USG procedure was brie�y performed by the doctor in 
the outpatient room before the patient was taken to the 
treatment room, it did not occupy the treatment ma-
chine or disrupt the clinical work�ow. �erefore, the 
time spent on the USG procedure itself can be consid-
ered negligible in terms of overall time e�ciency.
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To the best of our knowledge, our study is the �rst 
study in this �eld. Since USG is a noninvasive method 
and easy to use, its use before RT will reduce the time 
the patient will spend in the hospital and reduce the 
time to occupy the device by preventing extra CBCT. 

Limitations of the study
Among the di�culties of the present study, espe-

cially in obese patients, it is di�cult to accurately evalu-
ate the bladder with USG due to subcutaneous adipose 
tissue. Obesity may prevent ultrasound waves from 
reaching deep tissues, which may decrease the quality 
of imaging. Especially in patients with cervical cancer, 
it may be di�cult to accurately assess the diameter of 
the bladder due to compression of the bladder by the 
tumor. �is emphasizes the e�ect of anatomical di�er-
ences from patient to patient on the treatment process. 
In addition, the limited number of patients in our study 
suggests that the results obtained should be con�rmed 
in a larger patient population. Future larger-scale and 
multicenter studies will help us better understand the 
e�cacy and clinical bene�ts of mobile USG use. In par-
ticular, it is important to compare the accuracy rates 
of USG in di�erent patient groups and to evaluate its 
e�ect on long-term oncologic outcomes.

CONCLUSION

In conclusion, our study demonstrates the clinical 
bene�ts of using mobile USG to assess bladder full-
ness in patients undergoing pelvic RT. �is method 
has the potential to shorten treatment durations, re-
duce unnecessary CBCT usage, and improve patient 
compliance with the RT process. Speci�cally, our 
�ndings show a statistically signi�cant reduction in 
unnecessary CBCT scans related to bladder fullness 
in prostate cancer patients.

Additionally, the non-invasive and easily applicable 
nature of USG makes it a practical tool for routine clin-
ical use. However, further studies with larger patient 
cohorts are needed to evaluate the broader applicability 
of this method.
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INTRODUCTION

�e senses of smell and taste are vitally important for 
life. �ese senses awaken us to dangers such as gas, �re, 
spolied nutrients and support oral nutrition.[1] Olfac-
tory disfunction is seen frequently in cancer patients, 

these changes attract appetite and a�ect nutrition sta-
tus adversly and and cause malnutrition.[2,3] Malnu-
trition occurs in great majority of cancer patients and 
is one of the most important cause of morbidity and 
mortality.[4] �us ,it’s important to apply appropriate 
dietary support for cancer patients.

ORIGINAL ARTICLE

doi: 10.5505/tjo.2026.4966

OBJECTIVE

In this study,we aimed to detect olfactory functions of patients with objective method and the factors 
which can a�ect these, who referred to our department for de�nitive radiation therapy.

METHODS

�is study included the patients without head and neck cancer. All patients functions of odor thresh-
old, discrimination and iden�cation were assessed with ‘Sni�n Sticks’ test before radiation therapy. �e 
overall score is called composite threshold-discrimination-iden�cation score. As these scores, ≤16 was 
evaluted as anosmia, 16-30 as hyposmia and >30 normal smell function.

RESULTS

�is study included 48 patients with a median age of 59 years (30-76 years). With patients who had che-
motherapy before radiation therapy, statistically signi�cant olfactory disfunction (hyposmia+anosmia) 
was determined. 26 of 29 patients (90%) who had chemotherapy, had olfactory disfunction (p=0.02) and 
7 of 10 patients (70%) who had normal smell functions had no prior chemotherapy (p=0.04). As multi-
variant analysis, increased age (OR:1.33, 95% CI 1.08-1.64;p=0.007) and to be treated with chemotherapy 
(OR:32.95, 95% CI 1.35-801.45; p=0.032) were signi�cant factors in terms of olfactory disfunction.

CONCLUSION

In this study, we established olfactory disfunction at 79% patients who were planned de�nitive radiothera-
phy. As multivariant analysis; increasing age and to be treated with chemotherapy were statistically signi�-
cant parameters as to olfactory disfunction .�e patients with cancer , smell and taste disfunctions can oc-
cur frequently and to be aware of these pathologies is important for providing required treatment support.
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Olfactory disfunction can occur as the reason of 
oncological treatments or mechanichal or neurologi-
cal damages of olfactory sites and metabolic reason 
as increased salivary urea concentration due to tissue 
catabolism.[5] �e changes in smell sense can occur 
as change in sensitivity, distorted perception or hal-
lucination.[1,6] Although smell and taste alterations 
are associated with chemotherapy and head and neck 
radiotheraphy, they have been reported at diagnosis 
and in palliative phases.[7] In the studies about ol-
factor disfunction in cancer patients subjective meth-
ods were o�en used as self reported questionaires or 
patients decleration.[8] Studies which used objective 
methods as sni�n sticks test were limited and con-
tained complicated results.[9]

In our study, we aimed to evaluate olfactory dis-
functions before radiotheraphy (RT) in cancer pa-
tients, by using objective technique as sni�n sticks test 
and determine the factors which can a�ect olfactory 
functions such as chemotherapy (CT), smoking, cronic 
disease status, using alcohol and age.

MATERIALS AND METHODS

�is study included 48 cancer patients except head and 
neck region. All patients had locally or locally advanced 
disease and referred to our department for de�nitive 
RT. �e patients with head and neck tumor, brain tu-
mor or brain metastases, who had major head and neck 
trauma or surgery, allergic rhinitis were not included in 
this study. All patients functions of odor threshold, dis-
crimination and iden�cation were assessed with ‘Sni�n 
Sticks’ test before RT. For all test, the same well ventilat-
ed and silent room was used. �e patients were advised 
for not to eat or drink something, smoking or chew-
ing gum 15 minutes prior to the test. �e sni�n sticks 
test was performed in three phases. At odor threshold 
phase, sticks which contains di�erent dilutions of n-
butanol were used and the lowest level of odor which 
patient can specify was determined. For discrimination 
phase, 16 triplets of odorants were used, every triplets 
contained two same and one di�erent odorant. Patients 
were asked to identify di�erent odor and got point as 
total odor number which they determined truly. Odor 
identi�cation was assessed by means of 16 common 
odors, with the patients were asked to identify the odor 
among four possible answers presented by examiner. 
Patients got point as right answers number. �e over-
all score is called ‘composite threshold-discrimination-
iden�cation (TDI) ‘score. As TDI scores, the patients 
olfactory status who had ≤16 TDI score was evaluted 

as anosmia, 16–30 as hyposmia and >30 normosmia. 
We determined the olfactory status of patients and in-
vestigated the factors which might be related to olfac-
tory disfunction such as chemotherapy (CT), smoking, 
cronic disease status, using alcohol and age.

Ethics
�is research was approved by the institutional ethic 
board of the Zonguldak University at 19/12/2018 (No: 
2018/24) and conducted according to the ethical prin-
ciples of the Declaration of Helsinki.

Statistics
Statistical Package for Social Sciences for Windows 
version 13 (SPSS. Inc. Chicago. IL) was used for all sta-
tistical analyses. �e descriptive statistics were carried 
out to calculate the median value, the mean value, the 
range, the proportion and the standart deviation values. 
Categorical variables were compared using the Pearson 
Chi-square test. Continuous variables were compared 
using independent sample t-test and ANOVA test. �e 
correlations were measured using Spearman’s rho cor-
relations. A two-sided p value <0.05 was considered as 
statistically signi�cant.

RESULTS

�is study included 48 patients with a median age of 
59 years (30–76 years). �e demographical character-
istics of patients are presented in Table 1. Odor thresh-
old scores were mean 4.5 (0–15), discrimination scores 
were mean 9 (4–14), identi�cation scores were mean 
9.3 (3–14) and TDI scores were mean 22.8 (9.5–37.8). 
27 patients olfactory status (56%) were evaluated as hi-
posmia, 11 patients (23%) as anosmia and 10 patients 
(21%) as normal smell functions. �e patient related 
factors which might a�ect olfactory functions such as 
smoking, cronic disease status, using alcohol and age 
were examined with univariant analysis and there was 
no statistically signi�cant relationship between olfac-
tory functions. With patients who had chemotherapy 
before RT, statistically signi�cant olfactory disfunc-
tion (hyposmia+anosmia) was determined. 26 of 29 
patients (90%) who had chemotherapy, had olfactory 
disfunction (p=0.02) and 7 of 10 patients (70%) who 
had normal smell functions had no prior chemo-
therapy (p=0.04) (Fig. 1). As multivariant analysis, 
increased age (OR:1.33, 95% CI 1.08–1.64; p=0.007) 
and to be treated with chemotherapy (OR:32.95, 95% 
CI 1.35–801.45; p=0.032) were signi�cant factors in 
terms of olfactory disfunction.
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DISCUSSION

Taste and smell changes frequently occur in onco-
logical patients but patients can not recognize until 
they reach anosmia levels.[10] �e patients are anable 
to signify these changes and due to the thought of 
they are not treatable, stu� and patients don’t com-
municate about olfactory semptoms su�ciently.[9] 
Olfactory disfunctions are related to taste disfuc-
tions, decrease to enjoy eating and they may be seen 
as semptom clusters with dry mouth, weight loss, 
anorexi and fatigue.[11] To treat one semptom can 
cure other semptoms.[12] Olfactory disfunctions af-
fect negatively nutritional status and can cause mal-
nutrition. It’s important to determine taste and smell 
changes for preventing malnutrition.

In this study, 48 patients olfactory functions were 
evoluated before RT. 27 patients (56%) had hiposmia, 
11 patients (23%) had anosmia. Olfactory disfunction 
frequency was 79% in our study. As the studies using 
self reported methods, olfactory disfunction in onco-
logical patients was seen 5–60% a�er chemotherapy. 
As our results, 90% of patients who had chemother-
apy had olfactory disfunction. Objective methods are 
probably more e�cient to assess olfactory functions. 
�ere are di�erent results about the relation between 

olfactory functions and CT. Riga et al.[10] evaluated 
the relation between olfactory functions and di�er-
ent CT drugs by using Sni�n Sticks test and they re-
ported that, CT e�ects olfactory functions adversely 
even though they did not analyse the di�erence in 
CT regime groups. Although studies which searched 
di�erent CT agents did not �nd any di�erence of ef-
fect on smell functions,[13] a recent study reported 
lower smell theshold a�er CT with 5-FU and capesit-
abine as compared with cisplatin and carboplatin.
[10] Yakirevitch et al.[14] established any olfactory 
function alterations during CT or 3 weeks a�er cis-
platin-based CT in 21 patients. Conversely, Steinbach 
et al.[15] reported decrease in TDI scores during 
carboplatinum+paclitaxel CT in 12 ovarian cancer 
patients, especially in threshold scores. To paralel this 
study we determined lower threshold scores as com-
pared with other scores.

Many studies investigated the e�ect of age, gender 
and smoking status on smell and taste functions. Most 
of them reported no relation between smoking and 
taste and smell changes, while one smaller study dis-
agreed.[16,17] Also, we did not �nd a signi�cant rela-
tion between smoking and olfactory disfunction .

In general population, taste and smell are attracted 
by age. Steinbach et al.[13] reported more sensitiv-
ity to olfactory disfunction with older patients a�er 
CT. Reduction of olfactory receptor cells and their 
regeneration capasities, mucus secretion and epi-
thelial thickness with older age cause smell changes.
[10] According to some studies in elder patients smell 
changes were more severe a�er CT.[10,13,18] �ere 

Table 1 Demographics of patients

Demographics n %

Age, mean 59 (30–76)

Gender

Female 29 60.4

Male 19 30.6

HT

Yes 14 29.2

No 34 70.8

DM

Yes 9 18.8

No 39 81.2

CT

Yes 29 60.4

No 19 30.6

Smoking

Yes 14 29.2

No 34 70.8

Alcohol

Yes 2 4.2

No 46 95.8

HT: Hypertension; DM: Diabetes mellitus; CT: Chemotherapy.

Fig. 1. �e relation between chemoteraphy and olfac-
tory disfunction.
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are studies showed that in younger patients olfactory 
function was a�ected more severely, it might be due 
to their higher initial olfactory scores[19] and be-
cause of elder patients initial lower olfactory scores 
the reduction a�er CT was lesser. In this study, we de-
termined that increased age was signi�cant factor in 
terms of olfactory disfunction but we did not evaluate 
the initial olfactory scores before CT.

As literature, 80 % of treatment naive oncological 
patients had olfactory disfunction[20] and also a�er 
localize treatments such as stereotactic body radia-
tion therapy or surgery taste and smell changes could 
be seen.[7] Olfactory changes in cancer patients can 
ocur by in�uencing of chemoreceptor sites for me-
chanichal, metabolic and neurological reasons or as 
the result of oncological treatments. We reported ol-
factory disfunction with treatment naive patients cor-
respondingly with literature. 

Olfactory and taste alterations are frequently ob-
served in patients with cancer and can adversely a�ect 
food intake and nutritional status.[21]

CONCLUSION

We reported olfactory disfunction at 79% of patients 
who were planned de�nitive radiation therapy. �ese 
changes a�ect nutritional status by reducing appetite 
and food intake. Furthermore, smell sensation warn 
us against dangers such as gas, �re and spoiled food. 
To be aware of these pathologies before and during 
treatment is important for providing required sup-
portive treatment. 
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INTRODUCTION

Radiotherapy is a cornerstone of modern oncology, 
and three-dimensional dose prediction has emerged 
as a powerful tool for accelerating treatment planning 
and automating quality-assurance work�ows.[1,2] 

Convolutional architectures based on the U-Net[3] 
and its three-dimensional extension[4] have become a 
de facto standard for voxel-wise dose prediction.[5,6] 
More recent work has extended these ideas with cas-
caded architectures,[7] structure-aware losses[8] and 
end-to-end planning pipelines.[2]

ORIGINAL ARTICLE

doi: 10.5505/tjo.2026.4983

OBJECTIVE

Deep-learning dose-prediction models are o�en tied to their training beam con�gurations, limiting re-
usability. We tested whether an ensemble of three complementary 3D networks trained on one photon 
beam con�guration can generalise to �ve unseen con�gurations on a held-out anatomy.

METHODS

Photon dose plans for �ve anatomies and six beam con�gurations were generated with matRad. A 
13-channel input tensor (CT image, PTV/OAR masks, physics-informed per-beam ray-tracing maps) 
was built for every plan. �ree networks (SOTA-UNet3D, Res-UNet3D, Trans-UNet3D) were trained 
on the training con�guration (C0) of four anatomies and combined by voxel-wise mean as the Voltron 
ensemble. �e held-out anatomy (TG-119) was evaluated under C0 and C1–C5 using the 3D gamma 
index (3%/3 mm) and mean absolute error (MAE).

RESULTS

Voltron achieved 51.42% gamma pass rate on C0 (MAE 8.91 Gy). Across the unseen con�gurations the 
mean was 52.49% (range 47.38%–56.94%; MAE 8.94–10.44 Gy). �e largest decrease relative to C0 was 
4.04 points (C1); three con�gurations exceeded it by 1.75–5.52 points. Performance on unseen geome-
tries was comparable to the in-distribution baseline.

CONCLUSION

A physics-informed 3D dose-prediction ensemble trained on one beam con�guration may retain its 
dosimetric quality on unseen co-planar geometries, suggesting an avenue for reusable models in da-
ta-scarce settings.

Keywords: Deep learning; dose distribution; generalization; neural networks; radiation dosimetry; radiotherapy.
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Even when anatomy and prescription are �xed, the 
predicted dose distribution depends strongly on the 
beam geometry chosen by the planner. Beam-angle 
selection is itself a challenging combinatorial prob-
lem that has received considerable attention, including 
recent deep-reinforcement-learning approaches.[9] 
When dose-prediction networks are trained, the input 
representation must therefore convey the beam geome-
try; Barragán-Montero et al.[10] showed that encoding 
the beam con�guration as an additional input channel 
allowed a single model to generalise across heteroge-
neous beam con�gurations in lung intensity-modulat-
ed radiotherapy. Beam-wise decomposition strategies 
further exploit the additivity of dose with respect to 
individual beams,[11,12] and physics-informed inputs 
that incorporate per-beam ray-tracing have been pro-
posed to improve interpretability and accuracy.[12]

Despite these advances, most published dose-pre-
diction models are trained and tested on plans that 
share a single beam geometry, or on data drawn from 
a single clinical site.[5,6] A practical question that fol-
lows is whether such models can be reused when the 
beam geometry departs from the one they were trained 
on. If the answer were yes, dose-prediction models 
could be more easily shared between centres that use 
di�erent beam-angle conventions, which would lower 
the data burden on smaller centres.[13]

From a machine-learning perspective, this is a 
question of out-of-distribution generalisation. Recent 
reviews and benchmark studies in medical imaging 
have emphasised that deep models o�en degrade 
when the test-time distribution dri�s from the train-
ing distribution.[14,15] Most published work on this 
problem in medical imaging concerns segmentation 
across scanners or hospitals, where the input distri-
bution shi�s but the task output is largely invariant. 
Dose prediction di�ers in that the output itself de-
pends explicitly on the geometric input; the question 
becomes whether a network can correctly re-weight 
its predictions when the geometry changes.

�e open-source toolkit matRad (matRad Research 
Group, German Cancer Research Center [DKFZ], Hei-
delberg, Germany) implements analytical pencil-beam 
algorithms for photon, scanned-proton and scanned-
carbon-ion plans within a single MATLAB framework.
[16] Because matRad can compute reference doses for 
arbitrary beam con�gurations under consistent algo-
rithms, it provides a controlled testbed for studying 
robustness to beam-geometry variation, free of the in-
ter-centre confounders that complicate clinical multi-
institutional studies.

On the model side, residual connections[17] and 
attention mechanisms[18] have inspired numerous 
variants of the three-dimensional U-Net. Modern 
training recipes that combine the decoupled-weight-
decay AdamW optimiser with cosine annealing and 
warm restarts[19] further stabilise training of large 
three-dimensional models. Ensembling complemen-
tary backbones is a well-known route to reduce vari-
ance and improve calibration, but to our knowledge 
no published study has explicitly tested an ensemble 
of complementary three-dimensional backbones in a 
controlled cross-geometry setting for dose prediction.

Building on these elements, in this study we asked 
a speci�c and previously unexplored question: can an 
ensemble of three complementary three-dimensional 
networks trained on a single beam con�guration pre-
dict photon dose distributions for the same anatomy 
under several unseen beam con�gurations? We trained 
a Voltron ensemble, composed of SOTA-UNet3D, Res-
UNet3D and Trans-UNet3D, on a single �ve-beam co-
planar con�guration (C0) and evaluated it on �ve un-
seen con�gurations (C1–C5) covering di�erent beam 
counts and angular distributions. Reference doses were 
generated with matRad[16] and predictions were com-
pared with the three-dimensional gamma index (3% / 
3 mm).[20,21] To our knowledge, this is the �rst do-
simetric study to evaluate a single three-dimensional 
ensemble across multiple unseen co-planar beam con-
�gurations under matched conditions. Our aim is not 
to deliver a clinical-grade dose calculator but to pro-
vide a transparent baseline that future cross-geometry 
robustness studies can compare against.

MATERIALS AND METHODS

Ethical approval
�is study involved only in-silico simulations on pub-
licly available phantoms and demonstration datasets 
distributed with the matRad toolkit.[16] No patient-
level data, identi�ers or human subjects were involved 
at any stage, and no ethics-committee approval or in-
formed consent were therefore required.

Dataset and Reference Dose Generation
�e overall work�ow of this study is illustrated in 
Figure 1. All reference dose distributions were gener-
ated using the open-source treatment-planning tool-
kit matRad (matRad Research Group, German Can-
cer Research Center [DKFZ], Heidelberg, Germany), 
which implements analytical pencil-beam algorithms 
for photon plans within a single MATLAB framework 
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(MathWorks, Natick, MA, USA).[16] Five anatomies 
were used: A homogeneous water-equivalent box 
phantom (BOXPHANTOM), the TG-119 phantom 
(a synthetic concave-target benchmark), and three 
anthropomorphic cases (PROSTATE, LIVER and 
HEAD_AND_NECK) distributed with matRad as part 
of its demonstration dataset. �e computed-tomogra-
phy cubes, structure masks, voxel resolutions and iso-
centre coordinates supplied with each case were used 
without further processing.

For each anatomy, photon dose distributions were 
generated under six beam con�gurations indexed 
C0–C5. Con�guration C0 used �ve equispaced co-
planar beams (0°, 72°, 144°, 216°, 288°) and served as 
the single training con�guration. �e remaining con-
�gurations were: six equispaced co-planar beams (C1; 
0°, 60°, 120°, 180°, 240°, 300°), seven equispaced co-
planar beams (C2), nine equispaced co-planar beams 
(C3), six co-planar beams o�set by 30° (C4; 30°, 90°, 
150°, 210°, 270°, 330°) and four oblique co-planar 
beams (C5; 45°, 135°, 225°, 315°). All six geometries 
are illustrated in Figure 2. matRad inverse optimisa-
tion was run with default settings. �e resulting dose 
cubes and structure information were exported as 
compressed NumPy archives (NumPy 1.26, NumPy 
Developers, Austin, TX, USA).

Input Tensor Construction
�e input to each network was a 13-channel three-
dimensional tensor (Supplementary Fig. S1). Chan-
nel 1 contained the computed-tomography image 
normalised to [0, 1] using the linear transformation 

(HU+1000)/4000, clipped to that interval. Channel 2 
was the binary planning target volume (PTV) mask, 
de�ned as the union of all target structures available 
in matRad. Channel 3 was the binary organ-at-risk 
(OAR) mask, de�ned as the union of non-target struc-
tures excluding non-clinical labels such as BODY, 
SKIN, ENTRANCE, DOSE-FALLOFF, ISOCENTER 
and clip markers; the full exclusion list is given in Sup-
plementary Table S1. Channels 4–13 encoded the beam 
geometry and physics: channel 4 held the voxel-wise 
sum of all per-beam ray-tracing maps, and channels 
5–13 held up to nine individual per-beam maps.

For each gantry angle, a three-dimensional ray-
tracing map was produced by combining a lateral 
Gaussian attenuation around the beam central axis 
(lateral standard deviation σ-lat=8.0 voxels) with a 
one-dimensional percent-depth-dose pro�le along the 
beam direction. For photons, the percent-depth-dose 
used an exponential attenuation with a so� build-up 
region; the functional form and parameter values are 
reported in Supplementary Table S2. Unused beam 
slots in con�gurations with fewer than nine beams 
were zero-padded. �e computed-tomography image 
and structure masks are identical across all con�gura-
tions of the same anatomy, so the only inputs that di�er 
between con�gurations are channels 4–13.

Network Architectures and The Voltron Ensemble
�ree complementary three-dimensional networks 
were used (Supplementary Fig. S2). All three were 
implemented in PyTorch 2.x (PyTorch Foundation, 
San Francisco, CA, USA) and accepted the same 

Fig. 1. Schematic overview of the study work�ow. �e matRad demonstration dataset (�ve anatomies) is combined with 
six beam con�gurations to generate reference photon dose distributions. A 13-channel input tensor (CT, PTV mask, 
OAR mask and per-beam ray-tracing maps) is provided to three complementary three-dimensional networks, whose 
voxel-wise mean de�nes the Voltron ensemble. �e held-out anatomy (TG-119) is evaluated under the training con-
�guration (C0) and the �ve unseen con�gurations (C1–C5) using the three-dimensional gamma index (3% / 3 mm). 

 CT: Computed tomography; PTV: Planning target volume; OAR: Organ at risk; MAE: Mean absolute error.
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13-channel input tensor of size 128×128×128 voxels. 
SOTA-UNet3D is a four-level encoder–decoder with 
a base width of 32 channels in which each stage uses 
a multi-scale convolutional block (combining dilated 
3×3×3 convolutions with dilation rates 1 and 2) and 
local–global attention-gated skip connections[22] in-
spired by the attention U-Net family; upsampling is 
performed by e�cient up-convolutional blocks (tri-
linear upsampling followed by depthwise and point-
wise convolutions).Res-UNet3D shares the same en-
coder–decoder topology but replaces the multi-scale 
block with a residual convolutional block:[17] two 
3×3×3 convolutions with group normalisation and 
GELU activation, followed by an identity or projec-
tion shortcut. Trans-UNet3D inserts a single trans-
former encoder layer[18] at the bottleneck (16×16×16 
spatial extent, 256 channels, four heads, feed-forward 
dimension 512). All three networks end in a 1×1×1 
convolution followed by a sigmoid activation to an-
chor the output to the [0, 1] dose-fraction interval for 

numerical stability under mixed-precision training. 
�e Voltron ensemble averages the three voxel-wise 
predictions at inference time and requires no addi-
tional training.

Training Protocol and Data Partitioning
�e �ve anatomies were sorted alphabetically and the 
second anatomy (TG-119)[23] was held out as the 
test set; the remaining four (BOXPHANTOM, PROS-
TATE, LIVER and HEAD_AND_NECK) provided 
the training set. Crucially, training was restricted to 
the C0 photon plans of the four training anatomies, 
so the networks never saw any plan from the C1–C5 
geometries at any stage of training. Training used ran-
dom three-dimensional patches of size 128×128×128 
voxels, with a 70% probability of being centred on a 
voxel inside the PTV (plus a small random jitter) and 
a 30% probability of being centred on a random fore-
ground voxel; sixteen augmented patches were drawn 
per plan per epoch. On-the-�y augmentation was 

Fig. 2. Polar plots of the six beam con�gurations used for reference dose generation in matRad. C0 (blue) is the single 
training con�guration; C1–C5 (orange) are used only for evaluation on the held-out anatomy. Each radial line 
indicates the gantry angle of a single beam. All six con�gurations are co-planar.
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performed with MONAI 1.4 (Project MONAI con-
sortium)[24] and comprised random spatial �ips, ran-
dom a�ne transformations, random Gaussian noise, 
random Gaussian smoothing and random intensity 
shi�s. Each network was trained from scratch for 40 
epochs with the AdamW optimiser[19] using a co-
sine-annealing-with-warm-restarts schedule. �e loss 
function combined a mean-squared-error term and a 
mean-absolute-error term with unit weights. Random 
seeds were �xed to 42 throughout. Training was per-
formed on NVIDIA A100 GPUs (NVIDIA Corpora-
tion, Santa Clara, CA, USA). Complete hyperparam-
eter values are reported in Supplementary Table S3.

Inference and Evaluation Metrics
At inference time, the held-out anatomy was processed 
for each of the six beam con�gurations using three-
dimensional sliding-window inference (MONAI 1.4) 
with overlapping 128×128×128 patches at 50% overlap 
and Gaussian importance weighting (σ-scale=0.125). 
�e Voltron output was rescaled to physical dose units 
by multiplication with the maximum reference dose of 
the corresponding matRad plan. Predicted dose dis-
tributions were compared with the matRad references 
using two metrics. �e �rst was the three-dimensional 
gamma index with criteria 3% / 3 mm and a 10% low-
dose cut-o�, computed as introduced by Low et al.[20] 
and following the practical guidance of Hussein et 
al.;[21] the dose-di�erence acceptance was set to 3% 
of the maximum reference dose, and the distance-
to-agreement of 3 mm was translated into voxel radii 
using the actual physical voxel spacing of the anato-
my. �e second metric was the mean absolute error 
(MAE) in Gy between predicted and reference dose, 
computed over all voxels.

Statistical Analysis
Numerical computations and descriptive statistics 
were performed in Python 3.10 (Python So�ware 
Foundation, Wilmington, DE, USA) using NumPy 
1.26, SciPy 1.13 and Pandas 2.2 (NumFOCUS, Aus-
tin, TX, USA). Figures were generated with Matplot-
lib 3.9 (Matplotlib Development Team). Because each 
test condition yielded a single dose volume per beam 
con�guration on the held-out anatomy, summary 
measures are reported as scalar values per con�gura-
tion together with the across-con�guration mean and 
range. No formal inferential statistical testing was 
performed because the limited per-condition sample 
size (n=6 con�gurations on a single held-out anat-
omy) precludes meaningful hypothesis testing; the 

comparison of greatest interest in this in-silico study 
is the relative change of the per-con�guration gamma 
pass rate with respect to the C0 baseline.

RESULTS

All three networks converged within 40 epochs of 
training on the single C0 con�guration (Fig. 3). 
Res-UNet3D reached the lowest training loss (com-
posite MSE+L1 loss=0.074 at epoch 40), while SO-
TA-UNet3D (0.167) and Trans-UNet3D (0.181) con-
verged to similar values. Because the same training set, 
augmentation pipeline and hyperparameters were used 
for all three backbones, this di�erence is most plausi-
bly attributed to the lower regularisation pressure of 
the plain residual block compared with the multi-scale 
and transformer-equipped blocks. Per-network train-
ing curves are shown in Supplementary Figure S3, and 
per-epoch loss values for all three networks are tabulat-
ed in Supplementary Table S4.

On the held-out TG-119 anatomy, the Voltron 
ensemble achieved a three-dimensional gamma pass 
rate (3% / 3 mm) of 51.42% on the training con�gura-
tion C0, with a mean absolute error of 8.91 Gy (Table 
1). �is value is the in-distribution baseline against 
which the unseen-geometry predictions are com-
pared. �e full set of per-con�guration values is vi-
sualised in Figure 4. A complementary scatter view of 
gamma versus MAE, and a distribution comparison 
of training versus unseen geometries, are provided in 
Supplementary Figure S4.

Fig. 3. Training-loss trajectories of the three networks 
trained from scratch on the single C0 con�gu-
ration, displayed on a logarithmic vertical axis. 
�e combined mean-squared-error + mean-
absolute-error loss is shown for each of the 40 
epochs. Per-network curves on a linear scale are 
provided in Supplementary Figure S3.
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Across the �ve unseen beam con�gurations, the 
Voltron ensemble achieved a mean gamma pass rate 
of 52.49% (range 47.38%–56.94%, Table 1). �is value 
is slightly higher than the in-distribution C0 baseline 
(51.42%), with three of the �ve unseen con�gurations 
(C3, C4 and C5) producing higher gamma values than 
C0, while C1 and C2 were lower. �e largest single de-

viation from baseline was a 4.0 percentage-point de-
crease on C1 (Fig. 4c). Con�guration C5, which uses 
only four oblique beams and is geometrically the most 
di�erent from the equispaced �ve-beam training ge-
ometry, in fact produced the highest gamma pass rate 
across all six con�gurations (56.94%). �e heatmap in 
Figure 5a summarises gamma and MAE side by side, 

Fig. 4. Per-con�guration evaluation of the Voltron ensemble on the held-out TG-119 anatomy. (a) �ree-dimensional 
gamma pass rate (3% / 3 mm) for the six con�gurations; C0 (training) is shown in blue and the unseen geometries 
C1–C5 in orange. (b) Corresponding mean absolute error (MAE) in Gy. (c) Change in gamma pass rate of each 
unseen con�guration relative to the C0 baseline (in percentage points; pp); positive values indicate higher gamma 
on the unseen geometry than on the training geometry.

a b c

Fig. 5. Robustness summary across the six beam con�gurations. (a) Heatmap of the Voltron gamma pass rate (top row, 
green colour scale) and mean absolute error (bottom row, orange–red scale) for each con�guration; the verti-
cal blue line separates the training geometry (C0) from the �ve unseen geometries (C1–C5). (b) Con�gurations 
ranked by gamma pass rate, with C0 (blue) interleaved with the unseen geometries (orange).

a b

Table 1 Per-configuration three-dimensional gamma pass rate (3% / 3 mm) and mean absolute error of the Voltron 
ensemble on the held-out TG-119 anatomy

Configuration Beams (gantry angles) γ 3%/3 mm (%) MAE (Gy)

C0 (training) 5 (0°, 72°, 144°, 216°, 288°) 51.42 8.91

C1 6 (0°, 60°, 120°, 180°, 240°, 300°) 47.38 9.17

C2 7 (equispaced) 51.34 9.08

C3 9 (equispaced) 53.17 9.11

C4 6 (offset by 30°) 53.59 8.94

C5 4 oblique (45°, 135°, 225°, 315°) 56.94 10.44

Unseen mean (C1–C5) — 52.49 9.35

Configuration C0 was used to train the networks; C1–C5 were unseen during training. The row labelled 'Unseen mean (C1–C5)' reports the across-configuration 
mean for the unseen geometries. γ: Three-dimensional gamma index pass rate with 3% dose-difference criterion (relative to maximum reference dose) and 3 mm 
distance-to-agreement, computed under a 10% low-dose cut-off; MAE: Mean absolute error. All values were computed on the held-out anatomy (TG-119) against 
matRad reference plans.
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and the ranked view in Figure 5b orders the six con-
�gurations by gamma. Overall, the in-distribution and 
out-of-distribution geometries are interleaved in the 
ranking rather than separated.

Taken together, the per-con�guration analysis indi-
cates that the Voltron ensemble retained its dosimetric 
quality across the �ve unseen co-planar geometries: the 
mean gamma pass rate across C1–C5 exceeded the C0 
baseline, and the largest individual decrease relative to 
baseline was on the order of four percentage points. 
MAE values stayed within approximately 8.9 to 10.4 Gy 
for all con�gurations, with no con�guration producing 
a markedly larger error than the training geometry.

DISCUSSION

We trained a single ensemble of three complementary 
three-dimensional networks on one beam con�gura-
tion (C0) and showed that, on a held-out anatomy, the 
ensemble produced dose distributions for �ve unseen 
co-planar geometries whose gamma pass rate at 3% / 3 
mm was comparable to, and on average slightly higher 
than, the in-distribution baseline. To our knowledge, 
this is the �rst explicit dosimetric demonstration of 
single-con�guration to multi-con�guration transfer 
for physics-informed three-dimensional dose-pre-
diction ensembles. �e result supports the view that, 
when beam geometry is encoded through a small set 
of physically meaningful input channels rather than 
baked into the training distribution, much of the in-
formation a network needs to predict the dose can be 
shared across con�gurations.

Our design deliberately disentangles anatomy, ge-
ometry and the underlying photon physics. �e com-
puted-tomography image and structure masks are 
identical between con�gurations of any given plan; the 
only con�guration-dependent inputs are the per-beam 
ray-tracing maps in channels 4–13. �is is a much 
weaker form of geometric encoding than would be re-
quired if the network had to memorise each beam set 
from data, and is conceptually related to the beam-wise 
decomposition approaches proposed by other groups.
[11,25] Our �ndings suggest that, once the geometry is 
supplied as an explicit input, the anatomy-conditional 
dose-shaping function the network has to learn is, to 
�rst approximation, invariant with respect to the num-
ber and angular distribution of co-planar beams, at 
least in the regimes implemented by matRad.[16]

It is interesting that several unseen con�gurations 
produced gamma pass rates above the in-distribution 

baseline. One plausible explanation is that, for a giv-
en anatomy, con�gurations with more beams or with 
beams that better cover the planning target volume 
produce smoother dose distributions that are simpler 
to reproduce voxel-wise, even though they were never 
seen during training. �e lower gamma value on C1 (six 
equispaced beams with a di�erent angular sampling 
from C0) and the higher gamma values on C3 (nine 
beams) and C5 (four oblique beams) hint that the local 
di�culty of dose reconstruction may depend more on 
the geometric coverage of the target than on similar-
ity to the training geometry. Similar observations have 
been reported in other deep-learning dose-prediction 
studies that varied the input con�guration.[10]

�e Voltron ensemble combines a residual U-Net 
that converges to a very low training loss with two 
higher-bias estimators (a multi-scale plus attention-
gate U-Net and a transformer-bottleneck U-Net). 
Ensembling complementary backbones is a well-es-
tablished route to reduce variance and improve cali-
bration of dose predictions.[1,7] We did not pursue 
weighted voting or stacking, in order to keep the pipe-
line reproducible and inexpensive. �at this simple 
unweighted average already retains its dosimetric 
quality across multiple unseen geometries suggests 
that further gains from more sophisticated ensemble 
combinations are likely possible.

Beyond the controlled in-silico setting reported 
here, the broader idea that distributional di�erences 
across centres or scanners can be encapsulated in a 
physics-aware input layer rather than in centre-speci�c 
weights connects naturally to ongoing work on domain 
generalisation in medical imaging[14,15] and to the re-
cent line of work on physics-informed dose-prediction 
models.[12] A particularly informative experiment 
would be to add a small number of plans from an ad-
ditional clinical centre, with di�erent beam-angle con-
ventions, and to measure how much centre-speci�c 
data are needed to recover full performance; this would 
quantify the practical value of the cross-geometry 
starting point for data-scarce centres.

Limitations of the Study
Several limitations should be acknowledged. First, 
the reference dose distributions come from an analyt-
ical pencil-beam toolkit rather than from full Monte 
Carlo simulation. matRad has been validated against 
commercial treatment-planning systems[16], but 
analytical algorithms are known to be less accurate 
than Monte Carlo in highly heterogeneous geom-
etries.[26,27] Our �ndings should therefore be read 
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as a controlled algorithm-to-algorithm comparison 
rather than an algorithm-to-clinical-truth compari-
son. Second, the held-out test set consists of a single 
anatomy, which is su�cient to demonstrate feasibil-
ity of cross-geometry transfer but does not charac-
terise inter-patient variability rigorously. �ird, the 
absolute gamma pass rates reported here are well 
below the threshold typically required for patient-
speci�c quality assurance (commonly above 90%); 
the aim of this study, however, was not clinical-grade 
dose prediction but a transparent test of whether a 
single ensemble could remain robust across unseen 
beam con�gurations, and the relative change with 
respect to the C0 baseline is the primary outcome 
rather than the absolute pass rate. Fourth, our evalu-
ation was restricted to photon plans and co-planar 
geometries; performance on non-co-planar geome-
tries or on particle modalities was not assessed here. 
Fi�h, because of the limited per-condition sample 
size (n=6 con�gurations on a single anatomy), only 
descriptive statistics could be reported; multi-centre, 
multi-patient validation against Monte Carlo refer-
ences is the necessary next step before clinical trans-
lation can be considered.

CONCLUSION

An ensemble of three complementary three-dimen-
sional networks trained on a single co-planar beam 
con�guration produced photon dose distributions 
for �ve unseen co-planar con�gurations on a held-
out anatomy with a mean three-dimensional gamma 
pass rate (3% / 3 mm) of 52.49%, compared with 
51.42% for the in-distribution training con�gura-
tion, and with mean absolute errors between 8.91 
and 10.44 Gy across all six con�gurations. �e largest 
single decrease relative to the training geometry was 
approximately four percentage points, while three 
con�gurations exceeded the baseline by 1.75 to 5.52 
percentage points. �ese �ndings are far from clini-
cal-grade performance, but they suggest that, when 
the beam geometry is encoded through a physics-in-
formed input layer, a substantial fraction of the dose-
prediction task remains transferable across co-planar 
beam con�gurations. We recommend that future 
cross-geometry robustness studies use this design 
as a reproducible baseline and explore extensions to 
non-co-planar geometries, Monte Carlo references 
and multi-centre datasets.
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Supplementary Table S1 Structure labels excluded when building the organ-at-risk (OAR) 

mask (channel 3 of the input tensor). All non-target labels listed below are excluded; the 

remaining non-target labels are unioned into a single binary OAR mask. Matching is case-

insensitive and ignores leading and trailing whitespace. 

Label (case-insensitive) Description 

BODY Whole patient body / external contour 

SKIN Patient skin contour 

ENTRANCE Beam entrance contour 

DOSE_FALLOFF Dose fall-off helper contour 

ISOCENTER Isocentre marker 

CLIP Generic clip marker 



Couch Treatment-couch contour 

EXTERNAL Synonym for body external 

AIR Air region inside the body contour 

Lungs (combined) Composite lungs mask when separate L/R lungs are 

present 

OAR: organ at risk. The exclusion list is applied during matRad structure parsing and 

intentionally removes contours that are not clinically meaningful organs at risk (helper or 

marker structures). 

 

 

Supplementary Table S2 Functional form and parameter values of the one-dimensional 

percent-depth-dose (PDD) model used to construct the per-beam ray-tracing maps in 

channels 4–13 of the input tensor. 

Functional form (photons): PDD(d) = (1 − exp(−κ · d)) · exp(−μ · d) · (1 + β · exp(−α · d)), 

where d is the depth along the beam direction in voxels. 

Parameter Value Meaning 

μ (linear attenuation) 0.025 vox⁻¹ Bulk attenuation along the beam 

κ (build-up rate) 0.05 vox⁻¹ Soft build-up region near beam entrance 

β (build-up amplitude) 0.30 Strength of the build-up correction 

α (build-up decay) 0.10 vox⁻¹ Decay of the build-up correction 

σ-lateral 8.0 voxels Lateral Gaussian width about the central 

axis 

Max beam depth 160 voxels Truncation depth along the beam 

vox: Voxel. Parameter values were selected to give a smooth monotone PDD with a soft 

build-up region and were held fixed across all anatomies and beam configurations. 

 

 

Supplementary Table S3 Complete training hyperparameters used for all three networks of 

the Voltron ensemble. The same hyperparameters were applied to SOTA-UNet3D, Res-

UNet3D and Trans-UNet3D. 

Hyperparameter Value 



Patch size 128 × 128 × 128 voxels 

Patches per plan per epoch 16 

Centre-on-PTV probability 0.70 

Centre-on-foreground probability 0.30 

Batch size (per step) 6 

Gradient accumulation steps 8 

Effective batch size 48 

Number of epochs 40 

Optimiser AdamW 

Initial learning rate 1 × 10⁻⁴ 

Weight decay 5 × 10⁻⁴ 

Learning-rate schedule Cosine annealing with warm restarts 

Warm-restart period (T₀) 10 epochs 

Warm-restart multiplier (T_mult) 2 

Loss function MSE + L1 (unit weights) 

Mixed-precision Enabled (FP16 + dynamic loss scaling) 

Gradient clipping L2 norm 1.0 

Random seed 42 (NumPy + PyTorch + Python random) 

Augmentation library MONAI 1.4 (Project MONAI consortium) 

Augmentations applied random flips, random affine, random Gaussian 

noise, random Gaussian smoothing, random 

intensity shift 

Hardware NVIDIA A100 GPU (NVIDIA Corp., Santa Clara, 

CA, USA) 

Framework PyTorch 2.x (PyTorch Foundation, San Francisco, 

CA, USA) 

MSE: Mean squared error; L1: Mean absolute error; FP16: Half precision; T₀ and T_mult are 

the standard parameters of the cosine-annealing-with-warm-restarts schedule. 

 

 



Supplementary Table S4 Per-epoch training loss values (combined MSE + L1, unit weights) 

for the three networks of the Voltron ensemble. All three networks were trained for 40 

epochs from scratch on the single C0 beam configuration. 

Epoch SOTA-UNet3D Res-UNet3D Trans-UNet3D 

1 0.4967 0.5282 0.5950 

2 0.3972 0.4095 0.4849 

3 0.3642 0.3216 0.3927 

4 0.2912 0.2651 0.3361 

5 0.2804 0.2263 0.3108 

6 0.2758 0.2095 0.3079 

7 0.2673 0.2007 0.2953 

8 0.2668 0.1905 0.2868 

9 0.2499 0.1789 0.2813 

10 0.2545 0.1773 0.2782 

11 0.2429 0.1809 0.2735 

12 0.2332 0.1639 0.2584 

13 0.2195 0.1430 0.2451 

14 0.2197 0.1367 0.2368 

15 0.2198 0.1287 0.2274 

16 0.2260 0.1187 0.2278 

17 0.2003 0.1129 0.2269 

18 0.1863 0.1075 0.2255 

19 0.2148 0.1055 0.2254 

20 0.1877 0.1111 0.2195 

21 0.1892 0.0937 0.2098 

22 0.1975 0.1026 0.2075 

23 0.1949 0.0993 0.2190 

24 0.1950 0.0958 0.2209 

25 0.1887 0.0917 0.2128 

26 0.1930 0.0947 0.1967 

27 0.1921 0.0919 0.1958 



28 0.1837 0.0919 0.2127 

29 0.1838 0.0907 0.2078 

30 0.2027 0.0913 0.2210 

31 0.1858 0.0953 0.2127 

32 0.1900 0.0917 0.1994 

33 0.1877 0.0813 0.2068 

34 0.1856 0.0821 0.2015 

35 0.1873 0.0753 0.1929 

36 0.1727 0.0727 0.2003 

37 0.1745 0.0795 0.1893 

38 0.1732 0.0730 0.1962 

39 0.1693 0.0729 0.1796 

40 0.1674 0.0736 0.1806 

MSE: Mean squared error; L1: Mean absolute error. Values rounded to four decimal places. 

 

 

Supplementary Fig. S1. Visualisation of the 13-channel input tensor used by all three 

networks on a representative axial slice of the held-out TG-119 anatomy. (a) Channel 1: CT 



image (Hounsfield-unit values normalised to [0, 1]). (b) Channel 2: Binary planning target 

volume (PTV) mask. (c) Channel 3: Binary organ-at-risk (OAR) mask. (d) Channel 4: Voxel-

wise sum of all per-beam ray-tracing maps shown for the C0 configuration. (e) Channel 5: An 

individual per-beam ray-tracing map for the 0° beam of C0. (f) Channels 6–13: Maximum 

projection of the remaining per-beam maps; unused beam slots in configurations with fewer 

than nine beams are zero-padded. CT, computed tomography; PTV, planning target volume; 

OAR, organ at risk. 

 

 

 

Supplementary Fig. S2. Schematic of the three three-dimensional networks that make up 

the Voltron ensemble. All three share a four-level encoder–decoder topology with skip 

connections; they differ in the type of computational block applied at each stage. (a) SOTA-

UNet3D uses multi-scale convolutional blocks (dilated 3 × 3 × 3 convolutions with dilation 

rates 1 and 2) combined with attention-gated skip connections. (b) Res-UNet3D uses simple 

residual convolutional blocks (two 3 × 3 × 3 convolutions with group normalisation and 



GELU, plus an identity or projection shortcut). (c) Trans-UNet3D inserts a single transformer 

encoder layer at the bottleneck (four heads, feed-forward dimension 512). All three 

networks end in a 1 × 1 × 1 convolution followed by a sigmoid activation to constrain the 

output to the [0, 1] dose-fraction interval. The Voltron ensemble averages the three voxel-

wise predictions at inference time. 

 

 

 

Supplementary Fig. S3. Per-network training-loss trajectories on a linear vertical axis. (a) 

SOTA-UNet3D. (b) Res-UNet3D. (c) Trans-UNet3D. The combined mean-squared-error + 

mean-absolute-error loss is shown for each of the 40 training epochs on the single C0 

configuration. The combined log-scale view of all three networks is presented as Figure 3 in 

the main text. 

 

 

 

Supplementary Fig. S4. Complementary views of the per-configuration Voltron ensemble 

performance on the held-out TG-119 anatomy. (a) Scatter plot of the three-dimensional 



gamma pass rate (3% / 3 mm) against the mean absolute error (MAE) per beam 

configuration; C0 (training) is marked by a blue diamond and the unseen configurations C1–

C5 are shown in orange. (b) Distribution comparison: the single gamma value of the training 

configuration (C0; blue diamond) versus the distribution of values across the five unseen 

configurations (orange dots; box plot drawn for reference). 
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INTRODUCTION

Cancer remains one of the leading causes of death 
and disability worldwide, imposing a substantial dis-

ease burden on societies, and its incidence continues 
to increase steadily on a global scale.[1] �e global 
incidence of cancer has risen dramatically in recent 
decades, driven by aging populations, lifestyle factors, 

ORIGINAL ARTICLE

doi: 10.5505/tjo.2026.4882

OBJECTIVE

To investigate the associations between socio-demographic and clinical characteristics, quality of life 
(QoL), and patient-borne costs among haematological oncology outpatients in Türkiye.

METHODS

�is cross-sectional study included 137 adult haematological oncology outpatients treated at a public 
oncology centre between July and August 2024. QoL was assessed using the EQ-5D-3L and EQ VAS. 
Group di�erences were analysed using t-tests and ANOVA, while multiple linear regression identi�ed 
independent predictors of QoL. Pearson correlation analysis was used to examine relationships between 
variables. Disease costs were calculated as total and average annual expenses per patient.

RESULTS

Respondents reported moderate QoL, with anxiety/depression being the most a�ected dimension. �e 
mean EQ VAS score was 56.28±16.61. Gender and marital status were not associated with QoL (p>0.05). 
Older age was associated only with poorer self-care (p=0.038). Lower educational attainment, longer 
disease duration, and advanced cancer stage were associated with poorer QoL across several EQ-5D-3L 
dimensions (p<0.05). Regression analysis identi�ed education (β=-0.235, p=0.019) and cancer detection 
time (β=0.229, p=0.009) as independent predictors of QoL. �e average annual patient-borne cost was 
77,378₺ ($2,353), with income loss representing the largest �nancial burden. 

CONCLUSION

Clinical characteristics, particularly cancer stage, exert a greater in�uence on QoL than socio-demo-
graphic factors. Strategies promoting early diagnosis, patient education, and �nancial support may im-
prove quality of life and reduce the economic burden of cancer care. 

Keywords: Cancer pain; cost of illness; hematological oncology cases, outpatients; quality of life.
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and advancements in diagnostic capabilities. In 2020 
alone, an estimated 19.3 million new cases and 10 
million cancer-related deaths were reported.[2] �e 
course of cancer in Türkiye is no di�erent from the 
trend in the world. According to 2022 data published 
by the WHO, 240.013 people were diagnosed with 
cancer in Türkiye in 2022, and about 129.672 (25.2%) 
people lost their lives.[3]

Cancer is the second leading cause of death a�er 
cardiovascular diseases, both globally and in Türkiye. 
Statistics indicate that approximately one in every six 
deaths worldwide and one in every �ve deaths in Tür-
kiye are due to cancer. �e �ve most common types of 
cancer globally and in Türkiye are breast, lung, prostate, 
colorectal, and thyroid cancers. In Türkiye, lung, pros-
tate, and colorectal cancers are the most frequently di-
agnosed among men, while breast and thyroid cancers 
are more common among women. Each type of cancer 
has distinct causes, risk factors, diagnostic methods, and 
treatment approaches. Lifestyle factors such as tobacco 
use, obesity, poor nutrition, physical inactivity, and al-
cohol consumption signi�cantly increase cancer risk. As 
such, early detection and screening strategies must be 
tailored to each cancer type. Moreover, implementing 
community-based screening programs as part of a com-
prehensive cancer control strategy is essential.[4]

Cancer treatment is o�en prolonged and poses sig-
ni�cant physical, psychological, and socioeconomic 
burdens on patients. �e disease and its treatment 
can substantially impact an individual’s quality of life, 
which is a key factor in patient care and monitoring. 
Quality of life (QoL) encompasses physical, functional, 
psychological, and social well-being and is o�en di-
minished due to both the disease itself and its treat-
ment.[5] Studies have highlighted that cancer patients 
generally experience a lower QoL due to the challenges 
associated with their condition.[6,7] Additionally, the 
�nancial burden of cancer is considerable. Direct med-
ical costs, along with indirect costs such as lost pro-
ductivity, long-term disability, and mortality, contrib-
ute to the overall economic impact of the disease.[8] 
A research indicates that indirect costs can sometimes 
rival or exceed direct medical expenses,[9] underscor-
ing the need for comprehensive economic evaluations 
in oncology and haematological case. Taken together, 
survivors of cancer, especially in the early stages of 
their cancer journey, o�en face negative economic and 
health outcomes throughout their lives.[10]

Beyond clinical e�cacy and safety, the quality of 
life of cancer patients and the economic burden of 
treatment is also crucial in decision-making process-

es. A holistic approach that incorporates these factors 
enables more informed and rational healthcare deci-
sions while maximizing the potential value of treat-
ments. Taking these factors into account, this study 
aims to examine the quality of life and costs associ-
ated with various types of hematological oncology 
cases from both the patient’s and their companion’s 
perspective in a sample of Türkiye. 

MATERIALS AND METHODS

Study Purpose
�e aim of this study is to present the disease and per-
sonal characteristics, QoL �ndings, and costs of hema-
tological oncology patients receiving outpatient care 
from the patient perspective.

Research Type and Sampling 
�is descriptive cross-sectional study was conducted 
among individuals receiving outpatient care for can-
cer or suspected cancer at a public medical center in 
Malatya, Türkiye. �e study collected data at a single 
point in time to describe the distribution and frequen-
cy of variables within the study population. �e study 
was carried out between July 1, 2024, and August 31, 
2024, without employing a speci�c sampling method; 
instead, it was applied to individuals who agreed to par-
ticipate. As the study aimed to include all eligible can-
cer patients receiving outpatient care during the study 
period, no sampling method was employed. Question-
naires were administered to patients who voluntarily 
agreed to participate. For respondents who were un-
able to complete the questionnaire independently, as-
sistance was provided by their relatives. A total of 137 
cases who visited the relevant unit and consented to 
participate in the study were included.

Criteria for Inclusion
�e inclusion criteria were: (1) age ≥18 years, (2) re-
ceiving outpatient treatment, (3) ability to respond to 
the study questions either independently or with assis-
tance from a relative, and (4) having received treatment 
at the hospital for at least one year.

Data Collection and Measurements
Before data collection, verbal approval was obtained 
from the hospital administration. Patients were in-
formed about the study, and those who provided in-
formed consent completed the questionnaire adminis-
tered by the researchers. Each questionnaire required 
approximately 10–15 minutes to complete. Data were 
collected at appropriate times to avoid periods of pain, 
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nausea, or vomiting, thereby ensuring participant com-
fort. For patients unable to complete the questionnaire 
themselves, a relative completed it on their behalf.

For data collection, the researchers utilized a Per-
sonal Information Form (including statements re-
garding patients’ socio-demographic characteristics 
and cancer status) developed based on the literature, 
the EQ-5D-3L General Quality of Life Scale devel-
oped by EUROQOL already validated for reliability 
and validity in Türkiye to assess patients’ quality of 
life, and a cost survey designed to capture patients’ 
perspectives, based on previous studies conduct-
ed in Türkiye. It should be noted that as there is no 
validated value set for the EQ-5D-3L in the Turkish 
population, it was not possible to calculate utility in-
dex scores. �erefore, the data were analyzed using 
dimension-level scores – representing the frequency 
of reported problems across the �ve dimensions – and 
the EQ VAS, which provides a quantitative measure of 
the patient’s self-assessed health status.

Cost-of-illness studies conducted from the patient 
perspective include out-of-pocket expenses incurred 
by patients or their caregivers for direct medical care, 
income losses due to morbidity and mortality, trans-
portation costs related to healthcare access, non-med-
ical out-of-pocket expenses, and transfer payments 
received due to illness.[11] Based on this reference, a 
6-items form was developed through literature review 
in Türkiye to assess the monthly and annual cancer-
related costs from the perspective of patients and their 
caregivers.[12–14]

�e EQ-5D-3L was used to assess respondents’ 
QoL based on the EUROQOL quality of life measure-
ment system. �e EQ-5D-3L consists of two main 
components: �e EQ-5D descriptive system and the 
EQ visual analogue scale (EQ VAS). �e EQ-5D-3L 
general QoL scale includes �ve dimensions: Mobil-
ity, self-care, usual activities (ability to perform daily 
tasks), pain/discomfort, and anxiety/depression. Each 
dimension has three levels: No problems, some prob-
lems, and extreme problems. Patients were asked to 
indicate their health status by selecting the most ap-
propriate statement for each dimension. �is selec-
tion results in a single-digit number representing the 
chosen level for that dimension. 

�e EQ VAS (Visual Analog Scale) measures 
patients’ self-rated current health status on a scale 
ranging from 0 (“the worst possible health state”) 
to 100 (“the best possible health state”). It provides 
a quantitative measure of health outcomes based on 
patients’ own perceptions. As the EQ-5D-3L is a ge-

neric health-related quality of life instrument, it is 
considered a valid tool for assessing quality of life in 
patients with cancer. [15]

Statistical Analysis
�e EQ-5D-3L demonstrated excellent internal con-
sistency, with a Cronbach’s alpha (α) of 0.905. Al-
though the Kolmogorov–Smirnov and Shapiro–Wilk 
tests indicated statistically signi�cant departures 
from normality (p<0.001), the skewness (0.117) and 
kurtosis (-0.321) values were within the acceptable 
range (-1.50 to 1.50) for social science research.[16] 
Given the large sample size and the approximately 
normal distribution of the data, parametric tests were 
used for the analyses. �e direction and strength of 
correlations were interpreted according to established 
criteria in the literature as follows:[17]

• 0.00–0.29: Weak relationship
• 0.30–0.64: Moderate relationship
• 0.65–0.84: Strong relationship
• 0.85–1.00: Very strong relationship 
Data were analyzed using descriptive statistics (fre-

quency, percentage, mean, and standard deviation). 
Parametric tests were used to compare QoL scores, 
while Pearson correlation analysis was performed to 
examine relationships between variables. Independent 
samples t-tests were used to compare the means of two 
groups, and one-way analysis of variance (ANOVA) 
was used to compare the means of more than two 
groups. To control for Type I error due to multiple 
comparisons, the Bonferroni correction was applied 
to the EQ-5D-3L dimension and subgroup analyses. 
Multiple linear regression analysis was performed to 
identify factors associated with QoL, as measured by 
the EQ-5D-3L index score. Cost analysis included to-
tal and mean costs per patient. As the hospital did not 
authorize access to direct treatment costs (e.g., radio-
therapy, chemotherapy, and surgical interventions), the 
cost analysis was conducted from the patient’s perspec-
tive. Statistical analyses were performed using IBM 
SPSS Statistics version 27.0. Statistical signi�cance was 
set at p<0.05, with a 95% con�dence level.

Ethical Declaration
Ethical approval for the study was derived from the 
Bingöl University Social and Human Sciences Sci-
enti�c Research and Publication Ethics Committee 
(Date: 13/08/2024, No: E.166497). Additionally, verbal 
informed consent was obtained from the patients in-
cluded in the study a�er explaining the study’s purpose 
to them. Moreover, this research was conducted in ac-
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cordance with the principles of the Declaration of Hel-
sinki (www.wma.net/e/policy/b3.htm).

RESULTS

Among the respondents, 59.9% were male, 76.6% were 
married, and 72.3% were unemployed. �e largest age 
group was ≥60 years (40.9%), followed by 53–59 years 
(19.7%). Illiteracy and postgraduate education were 
uncommon, with most respondents having completed 
either primary school or university (Table 1). Monthly 
income was categorized according to the minimum 
wage established by public authorities in Türkiye at the 
time of the study. �e largest proportion of respondents 
(43.8%) reported a monthly income of 10.000–20.000₺ 
($306–613). Given the universal health insurance sys-
tem in Türkiye, most respondents (90.5%) were cov-
ered by public health insurance. 

Table 2 summarizes the cancer-related character-
istics of the respondents. Overall, 39.4% had been di-
agnosed within the previous 2 years, 41.6% had lived 
with the diagnosis for 3–5 years, and 19.0% for 6 years 
or longer, with the distribution di�ering signi�cantly 
across categories (t=28.439, p<0.001). Most respon-
dents (68.6%) had an unknown cancer stage. �is high 
proportion is largely attributable to the predominance 
of hematological malignancies in the study sample, 
for which conventional staging systems are o�en not 
applicable. In addition, incomplete medical records, 
unavailable staging information for patients referred 
from other institutions, ongoing diagnostic evaluations 
at the time of data collection, and the retrospective na-
ture of data retrieval may have contributed to the high 
proportion of cases with unknown stages.

Among patients with known disease stage, Stage I 
was the second most common category (12.4%), and 
the distribution of cancer stages di�ered signi�cantly 
across categories (t=32.515, p<0.001). Acute Myeloid 
Leukemia (AML) was the most common cancer type 
(24.8%), followed by Multiple Myeloma (MM) (14.6%) 
and lymphoma (11.7%). �e distribution of can-
cer types was also statistically signi�cant (t=20.319, 
p<0.001). �e cancer pro�le observed in this study dif-
fers from national and global epidemiological patterns, 
in which breast, lung, and colorectal cancer are the 
most prevalent. However, the study was not intended 
to represent all patients with cancer in Türkiye; rather, 
it re�ects the characteristics of patients receiving care at 
the study center. �erefore, deviations from the overall 
epidemiological distribution of cancer types were ex-

pected. Additionally, detailed data on cancer types and 
frequencies are given in Table 2 and Figure 1.

Table 3 presents the respondents’ EQ-5D-3L scores. 
Across all �ve dimensions, most respondents re-
ported some degree of impairment, indicating reduced 
health-related quality of life. �e highest mean score 
was observed for anxiety/depression (2.09±0.66), with 
82.5% of respondents reporting moderate or extreme 
problems, followed by pain/discomfort (1.99±0.55; 
84.7%), usual activities (1.94±0.60; 78.8%), self-care 
(1.80±0.70; 63.5%), and mobility (1.79±0.61; 68.6%). 
�e mean EQ VAS score was 56.28±16.61, indicating a 
moderate level of self-perceived health status.

Table 1 Socio-demographic characteristics of the 
respondents

Characteristics of respondents n %

Gender 

Female 55 40.1

Male 82 59.9

Marital status

Single 32 23.4

Married 105 76.6

Age 

18–25 12 8.8

26–34 11 8.0

35–43 13 9.5

44–52 18 13.1

53–59 27 19.7

≥60 56 40.9

Education 

Illiterate 10 7.3

Primary school 35 25.5

Secondary school 26 19.0

High school 37 27.0

University 27 19.7

Postgraduate 2 1.5

Work status 

Employed 38 27.7

Non-employed 99 72.3

Income

≤10.000 ₺ (≤$306) 32 23.4

10.000-20.000 ₺ ($306-$613) 60 43.8

20.000 TL-30.000 ₺ ($613-$919) 24 17.5

≥30.000 TL (≥$919) 21 15.3

Insurance

Universal health insurance (UHI) 124 90.5

Private health insurance 3 2.2

No health insurance 10 7.3



211Aydemir and Yaşar.

Quality of Life and Patient Costs in Cancer

Table 4 presents the associations between respon-
dents’ socio-demographic and disease-related charac-
teristics and the EQ-5D-3L dimensions and EQ VAS 
scores. Gender and marital status were not signi�cantly 
associated with any EQ-5D-3L dimension or the EQ 
VAS (p>0.05). Age was signi�cantly associated only 
with self-care (F=2.433, p=0.038), with respondents 
aged ≥60 years reporting greater impairment.

Educational level was signi�cantly associated 
with self-care (F=2.633, p=0.026), usual activities 
(F=3.784, p=0.003), and pain/discomfort (F=2.473, 
p=0.035), indicating poorer QoL among respondents 
with lower educational attainment. Cancer detec-
tion time was signi�cantly associated with self-care 
(F=4.895, p=0.009) and usual activities (F=3.656, 
p=0.028), with longer disease duration corresponding 
to greater impairment.

Cancer stage showed the strongest associations 
with QoL. Signi�cant di�erences were observed for 
mobility (F=3.925, p=0.005), self-care (F=2.588, 
p=0.040), usual activities (F=2.710, p=0.033), and 
pain/discomfort (F=6.966, p=0.001), with progres-
sively poorer scores from Stage I to Stage IV. Although 
anxiety/depression (p=0.063) and EQ VAS scores 
(p=0.050) also worsened with advancing stage, these 
associations did not reach statistical signi�cance. 
Overall, disease-related characteristics, particularly 
cancer stage, were more strongly associated with QoL 
than socio-demographic characteristics. Lower edu-
cational attainment, longer cancer detection time, and 
advanced cancer stage were associated with poorer 
outcomes across multiple EQ-5D-3L dimensions. 

Multiple linear regression analysis was performed 
to identify factors associated with QoL, as measured 

Table 2 Respondents’ findings regarding the case of cancer

Characteristics of respondents n % Mean SD t p

Cancer detection time

Initial stage 54 39.4 1.80 0.739 28.439 <0.001

3–5 years 57 41.6

≥6 26 19.0

Cancer stage

Stage I 17 12.4 4.10 1.477 32.515 <0.001

Stage II 11 8.0

Stage III 7 5.1

Stage IV 8 5.8

Unknown 94 68.6

Cancer type

AML 34 24.8 6.22 3582 20.319 <0.001

MM 20 14.6

Lymphoma 16 11.7

ALL 13 9.5

KLL 10 7.3

Lung 8 5.8

MDS 7 5.1

ITP 6 4.4

KML 5 3.6

Breast 5 3.6

Colon 3 2.2

Anemia 3 2.2

Bladder 2 1.5

Pancreatic 2 1.5

Prostate 2 1.5

Stomach 1 0.7

AML: Acute myeloid leukemia; MM: Multiple myeloma; ALL: Acute lymphoblastic leukemia; KLL: Chronic lymphocytic 
leukemia; MDS: Myelodysplastic syndrome; İTP: Immune thrombocytopenic purpura; KML: Chronic myeloid leukemia.
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Fig. 1. Cancer types detected in patients.

Table 3 Respondents' quality of life assessment scale (EQ-5D-3L) scores

EQ-5D-3L Sub-dimensions Statistical tests

n % Mean SD

Mobility

I have no problems in walking about 43 31.4 1.79 0.612

I have some problems in walking about 80 58.4

I am confined to bed 14 10.2

Self-care

I have no problems with self-care 50 36.5 1.80 0.698

I have some problems washing and dressing myself 65 47.4

I am unable to wash or dress myself 22 16.1

Usual activities

I have no problems with performing my usual activities 29 21.2 1.94 0.603

I have some problems with performing my usual activities 87 63.5

I am unable to perform my usual activities 21 15.3

Pain-discomfort

I have no pain or discomfort 21 15.3 1.99 0.549

I have moderate pain or discomfort 96 70.1

I have extreme pain or discomfort 20 14.6

Anxiety-depression

I am not anxious or depressed 24 17.5 2.09 0.663

I am moderately anxious or depressed 76 55.5

I am extremely anxious or depressed 37 27.0

Average VAS score 137 100.0 56.28 16.61

SD: Standard deviation; VAS: Visual analogue scale.
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Table 4 Association of some socio-demographic variables of respondents with quality of life

Demographic variables Sub-dimensions of EQ-5D-3L

Mobility 

mean±SD

Self-care

mean±SD

Usual activities

mean±SD

Pain-discomfort

mean±SD

Anxiety-depression

mean±SD

VAS score

mean±SD

Gender

Female 1.89±0.72 1.91±0.82 2.06±0.68 2.11±0.68 2.23±0.69 54.86±19.49

Male 1.75±0.57 1.75±0.65 1.90±0.57 1.95±0.50 2.05±0.65 56.76±15.56

Tests t=1.093 t=1.167 t=1.316 t=1.313 t=1.387 t=-0.574

p p=0.276 p=0.245 p=0.190 p=0.195 p=0.183 p=0.602

Marital status 

Married 1.76±0.61 1.81±0.69 1.94±0.59 1.99±0.56 2.10±0.64 56.05±15.72

Single 1.88±0.61 1.75±0.72 1.94±0.67 2.00±0.51 2.09±0.74 57.03±19.50

Tests t=-0.915 t=0.421 t=0.044 t=-0.086 t=0.011 t=-0.292

p p=0.362 p=0.674 p=0.965 p=0.932 p=0.991 p=0.770

Age

18–25 1.83±0.58 1.67±0.65 1.83±0.72 1.83±0.58 1.92±0.67 61.67±17.88

26–34 1.91±0.54 1.82±0.75 2.00±0.63 2.00±0.63 2.18±0.87 54.55±18.64

35–43 1.54±0.52 1.54±0.52 1.85±0.56 2.08±0.49 2.23±0.60 61.15±17.34

44–52 1.56±0.71 1.50±0.71 1.72±0.67 1.94±0.42 1.94±0.64 59.17±15.07

53–59 1.81±0.56 1.70±0.54 1.93±0.47 1.96±0.59 2.11±0.64 56.30±16.21

≥60 1.88±0.63 2.02±0.75 2.05±0.62 2.04±0.57 2.13±0.66 53.59±16.46

Tests F=1.304 F=2.433 F=1.029 F=0.367 F=0.523 F=0.946

p p=0.266 p=0.038 p=0.403 p=0.870 p=0.759 p=0.454

Education

Illiterate 2.10±0.57 2.30±0.82 2.50±0.53 2.50±0.53 2.30±0.68 50.50±16.24

Primary school 1.91±0.62 1.97±0.75 2.11±0.63 2.03±0.51 3.20±0.68 50.57±16.62

Secondary school 1.69±0.62 1.72±0.65 1.81±0.57 1.92±0.63 2.04±0.66 56.73±15.55

High school 1.84±0.64 1.73±0.65 1.89±0.62 1.97±0.60 2.22±0.67 58.11±16.76

University 1.56±0.51 1.52±0.58 1.74±0.45 1.89±0.32 1.81±0.56 62.41±15.90

Postgraduate 1.50±0.71 1.50±0.71 1.50±0.71 1.50±0.71 1.50±0.71 62.50±17.68

Tests F=1.928 F=2.633 F=3.784 F=2.473 F=2.011 F=2.028

p p=0.094 p=0.026 p=0.003 p=0.035 p=0.081 p=0.079

Cancer detection time

Initial stage 1.63±0.59 1.57±0.60 1.78±0.54 1.89±0.54 2.04±0.64 58.80±15.78

3–5 years 1.89±0.62 1.91±0.71 2.02±0.64 2.04±0.57 2.09±0.72 54.82±16.96

≥6 1.88±0.59 2.00±0.75 2.12±0.59 2.12±0.52 2.23±0.59 54.23±17.48

Tests F=3.096 F=4.895 F=3.656 F=1.806 F=0.752 F=1.037

p p=0.058 p=0.009 p=0.028 p=0.168 p=0.473 p=0.357

Cancer stage

Stage I 1.47±0.51 1.53±0.72 1.71±0.59 1.53±0.51 1.82±0.81 63.24±18.02

Stage II 1.82±0.41 1.73±0.47 1.91±0.30 2.09±0.54 2.18±0.60 55.45±13.69

Stage III 2.14±0.69 2.14±0.69 2.14±0.54 2.43±0.54 2.29±0.49 49.29±22.07

Stage IV 2.38±0.52 2.38±0.52 2.50±0.54 2.50±0.54 2.63±0.52 43.13±14.13

Unknown 1.77±0.61 1.78±0.71 1.93±0.61 1.99±0.50 2.07±0.64 56.76±15.91

Tests F=3.925 F=2.588 F=2.710 F=6.966 F=2.289 F=2.436

p p=0.005 p=0.040 p=0.033 p=0.001 p=0.063 p=0.050

SD: Standard deviation.
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by the EQ-5D-3L index score (Table 5). �e model in-
cluded sociodemographic and clinical variables (gen-
der, age, marital status, education, employment status, 
income, insurance status, cancer type, cancer stage, 
and cancer detection time). Among these, only educa-
tional level (β=−0.235, p=0.019) and cancer detection 
time diagnosis (β=0.229, p=0.009) were signi�cant 
independent predictors of QoL. Collinearity diagnos-
tics indicated no evidence of multicollinearity, with all 
variance in�ation factors (VIF) values ranging from 
1.052 to 2.576. In addition, the model was statistically 

signi�cant (F=2.777, p<0.004) and explained 11.6% of 
the variance in QoL (adjusted R²=0.116). On the other 
hand, longer cancer detection time was associated with 
higher EQ-5D-3L index scores, whereas higher edu-
cational attainment was associated with lower index 
scores in this cohort. None of the remaining sociode-
mographic or clinical variables, including age, sex, can-
cer stage, and cancer type, showed statistically signi�-
cant independent associations with QoL.

We calculated the monthly costs for patients who 
answered ‘yes’ to the cost statements in Table 6, then 

Table 5 Factor affecting quality of life of cancerous patients 

Variables B SE β t p VIF

(constant) 1.202 0.600 2.005 0.047

Gender -0.114 0.101 -0.118 -1.424 0.157 1.052

Marital status 0.136 0.140 0.108 0.967 0.335 1.918

Age -0.015 0.040 -0.047 -0.369 0.713 2.485

Education -0.097 0.041 -0.235 -2.379 0.019 1.500

Work status 0.252 0.145 0.212 1.742 0.084 2.281

Income 0.076 0.070 0.140 1.080 0.282 2.576

Insurance 0.135 0.095 0.136 1.424 0.157 1.404

Cancer detection time 0.165 0.062 0.229 2.645 0.009 1.148

Cancer stage 0.040 0.032 0.109 1.222 0.224 1.232

Cancer type -0.005 0.012 -0.031 -0.370 0.712 1.232

B: Unstandardized Coefficient; SE: Standard error; VIF: Visual analogue scale.

Table 6 Estimated monthly costs incurred by patients due to illness

Cost statements Status n % Total annual

costs (₺/$)

Average annual cost 

per patient (₺/$)

Medications related to the disease but not covered 

by insurance

Yes 39 28.5 1,230,000 (37,403) 31,538 (959)

No 98 71.5

Special nutrition and diet recommended by the 

doctor for the disease in question

Yes 39 28.5 220,000 (6,690) 5,641.03 (172)

No 98 71.5

External food consumption due to illness during health 

care services

Yes 100 73.0 611,750 (18,603) 6,118 (186)

No 37 27.0

Transportation fee commuting to hospital due  

to disease

Yes 102 74.5 333,450 (10,140) 3,237 (98)

No 35 25.5

Compulsory accommodation related to the disease Yes 12 8.8 67,700 (2,059) 5,270 (160)

No 125 91.2

Other disease-related expenses (personal care, etc.) Yes 63 45.99 520,000 (15,813) 8,253 (251)

No 74 54.01

Average income loss in the last one year due to 

treatment of the disease

137 100.0 10,715,500 (325,819) 77,378 (2,353)
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determined their total annual costs. Next, we divided 
the total annual costs by the number of these patients 
to �nd the average annual cost per patient. �e table 
presents the �nancial burden of disease-related ex-
penses on patients, focusing on various cost factors 
such as medication, special nutrition, transportation, 
and income loss. �e total annual costs for each cate-
gory were calculated, and the average annual cost per 
a�ected patient was determined. �e total income 
loss amounted to 10.714,500 ₺ ($325.819). �e aver-
age income loss per patient was 77.378 ₺ ($2.353), 
making it the most signi�cant �nancial impact 
among all categories.

�e highest �nancial burden comes from income 
loss, followed by medications not covered by insur-
ance and other disease-related expenses. A large 
portion of patients also faced costs related to trans-
portation, external food consumption, and special 
diets, which add to the overall economic strain of 

managing the disease. �e data highlights the need 
for �nancial support mechanisms, insurance cover-
age expansions, or policy changes to mitigate these 
costs for patients.

�e heatmap illustrates (Fig. 2) the correlation 
among the variables. �e colors visually represent the 
strength and direction of the relationships: Dark red in-
dicates a strong positive correlation, whereas dark blue 
signi�es a strong negative correlation. �e numerical 
values in each cell represent the Pearson correlation 
coe�cients. �is matrix demonstrates how each vari-
able is related to the others. For example, there is a pos-
itive correlation between education level and income 
(r=0.428), indicating that higher levels of education 
are generally associated with higher income. Addition-
ally, a strong positive correlation is observed between 
self-care and usual activities (r=0.783), suggesting that 
individuals with better self-care abilities are typically 
more capable of performing daily activities.

Fig. 2. Correlation matrix head map.
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DISCUSSION

Cancer care illustrates that the value of healthcare ex-
tends beyond clinical outcomes alone.[18] Tradition-
ally, the quality of cancer care has been assessed using 
indicators such as morbidity, mortality, and readmis-
sion rates. However, comprehensive evaluation also 
requires consideration of patient-reported outcomes, 
including QoL, perceived health status, functional im-
pairment, and �nancial burden.[19] Oncology remains 
one of the most resource-intensive areas of healthcare 
because of increasingly complex diagnostic and thera-
peutic approaches.[18] Accordingly, an estimated 28–
48% of cancer survivors experience �nancial hardship 
due to direct (e.g., out-of-pocket expenses) and indirect 
(e.g., income loss) costs, which has consistently been 
associated with psychological distress and poorer QoL.
[20,21] As a multidimensional construct encompassing 
physical, psychological, and social well-being, QoL has 
become a key outcome for evaluating cancer care.[22] 
Consequently, patient characteristics, treatment costs, 
and patient-reported outcomes should all be considered 
when assessing the value of cancer care interventions.

Evidence simultaneously examining patient-re-
ported QoL and patient-borne costs across hetero-
geneous cancer populations remains limited both in 
Türkiye and internationally. Most previous studies 
have focused on a single cancer type, restricting the 
generalizability of their �ndings. By including patients 
with both solid tumors and hematological malignan-
cies and assessing both QoL and patient-reported 
costs, the present study provides a broader perspec-
tive on the factors associated with health outcomes in 
routine oncology practice. �e predominance of older 
adults and hematological malignancies in our cohort 
distinguishes this study from many population-based 
investigations. Although 68.6% of respondents had 
an unknown cancer stage, this primarily re�ects the 
inclusion of hematological malignancies, for which 
conventional TNM staging is o�en not applicable. 
Nevertheless, caution is warranted when interpreting 
stage-speci�c �ndings because incomplete staging in-
formation may have reduced statistical precision.

In this study, respondents reported a moderate 
overall QoL, while anxiety/depression emerged as 
the most impaired EQ-5D-3L dimension, followed 
closely by pain/discomfort. �is pattern is consistent 
with studies from Malaysia and Türkiye, which like-
wise identi�ed psychological distress and pain as the 
domains most frequently a�ected among patients 
with cancer.[22–26] �ese �ndings reinforce growing 

evidence that psychological well-being remains insuf-
�ciently addressed during cancer care despite advances 
in medical treatment. �e strong correlations observed 
between pain, impaired daily functioning, and anxiety/
depression further support the bidirectional relation-
ship between physical symptoms and psychological 
distress reported in previous studies. [21–29]

Consistent with studies conducted in India and Tür-
kiye, older respondents in our study experienced greater 
impairment in self-care, suggesting that age-related 
functional decline compounds the physical e�ects of 
cancer and its treatment.[22,23] Similarly, lower educa-
tional attainment was associated with poorer QoL across 
several EQ-5D-3L dimensions, supporting evidence that 
education in�uences health literacy, access to health 
information, self-management skills, and healthcare 
utilization.[23,26] However, these �ndings di�er from 
Canadian valuation research and a systematic review 
reporting no association between education and health-
state preferences.[24,25] �is discrepancy may re�ect 
methodological di�erences. Whereas those studies eval-
uated societal preferences or utility valuations, our study 
examined patients who lived through health experiences 
during active cancer care. Educational attainment may 
therefore exert a greater in�uence on patient-reported 
outcomes than on societal health-state valuations.

An unexpected �nding was that longer cancer de-
tection time was associated with better self-care, usual 
activities, and overall QoL. �is contrasts with stud-
ies[22,26] reporting progressive deterioration over 
time but may re�ect survivor adaptation, improved 
symptom management, successful completion of in-
tensive treatment, or the exclusion of patients with the 
poorest prognoses from longer-term follow-up. Simi-
lar adaptation e�ects have been observed in longitudi-
nal studies[26–33] showing that patients o�en adjust 
psychologically and functionally following the initial 
treatment period. Nevertheless, because of the cross-
sectional design, this �nding should be interpreted 
cautiously and con�rmed in prospective studies.

Cancer stage was strongly associated with physi-
cal dimensions of QoL, particularly mobility, self-care, 
usual activities, and pain/discomfort, which agrees 
with �ndings from Türkiye, Malaysia, Spain, and the 
United Kingdom demonstrating poorer functional 
outcomes and greater healthcare utilization among 
patients with advanced disease. [22,26,33–35] Interest-
ingly, cancer stage was not independently associated 
with anxiety/depression in our study. �is may indicate 
that psychological distress is in�uenced not only by 
disease severity but also by uncertainty, coping mecha-
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nisms, social support, and �nancial concerns. Similar 
observations have been reported in psycho-oncology 
research, where emotional well-being is only moder-
ately correlated with clinical disease indicators.

�e multivariable analysis further demonstrated 
that educational level and cancer detection time were 
the only independent predictors of QoL a�er adjust-
ment for demographic and clinical characteristics. 
Neither cancer type nor stage remained signi�cant in 
the adjusted model, suggesting that socioeconomic 
and adaptive factors may explain more variation in 
perceived health than disease characteristics alone. 
�ese �ndings complement previous systematic re-
views indicating that psychosocial determinants fre-
quently contribute to patient-reported QoL indepen-
dently of clinical variables.[25,29]

Financial burden emerged as another important 
�nding. Income loss represented the largest patient-
reported cost, followed by uninsured medication ex-
penses and other disease-related expenditures. �ese 
observations are consistent with evidence from the 
United States and other countries showing that indi-
rect costs frequently exceed direct medical expenses 
and continue despite insurance coverage.[30–32] Al-
though Türkiye provides universal health insurance, 
our �ndings suggest that substantial �nancial toxicity 
persists because of non-medical expenses, productivity 
losses, and treatments not fully covered by insurance. 
�is highlights the importance of evaluating cancer 
care from the patient’s perspective rather than relying 
exclusively on healthcare system expenditures.

Overall, the present �ndings support the growing 
body of evidence that improving cancer outcomes re-
quires more than advances in diagnosis and treatment. 
Interventions aimed at early diagnosis, e�ective symp-
tom control, psychological support, patient education, 
and reduction of �nancial burden are likely to improve 
both health-related quality of life and the overall value 
of cancer care. Future multicenter longitudinal studies 
including more representative distributions of cancer 
types and complete staging information are needed to 
con�rm these �ndings and better understand changes 
in QoL over the disease trajectory.

Strengths and Limitations 
�is study has several strengths. It was conducted at 
a tertiary medical center serving patients with cancer 
from multiple provinces, thereby enhancing the het-
erogeneity of the study population and the potential 
generalizability of the �ndings. Unlike many previ-
ous studies focusing on a single cancer type, it evalu-

ated patients with diverse cancer diagnoses and disease 
stages while simultaneously examining health-related 
quality of life, patient-borne costs, and sociodemo-
graphic characteristics. Data was collected through di-
rect patient interviews, with assistance from relatives 
when respondents were unable to complete the ques-
tionnaire independently, thereby minimizing missing 
data. Furthermore, the analysis of individual EQ-5D-
3L dimensions provided a comprehensive understand-
ing of the speci�c domains of health-related quality of 
life most a�ected in this population.

Despite its strengths, this study has several limita-
tions. First, its single-center design and relatively small 
sample size may limit the generalizability of the �nd-
ings to the broader population of patients with can-
cer. Second, the cross-sectional design provides only a 
snapshot of patients’ health status and precludes con-
clusions regarding causality or changes in health-relat-
ed quality of life over time. �ird, cancer stage infor-
mation was unavailable for a substantial proportion of 
respondents (68.6%). �is largely re�ects the inclusion 
of both solid tumors and hematological malignancies, 
for which conventional staging systems are o�en not 
applicable, although incomplete clinical documenta-
tion may also have contributed. Fourth, the heteroge-
neous study population, comprising both hematologi-
cal malignancies (e.g., Acute Myeloid Leukemia [AML] 
and Multiple Myeloma [MM]) and solid tumors, lim-
ited disease-speci�c analyses because these conditions 
di�er in their clinical course, treatment, and prognosis. 
Accordingly, the �ndings should be interpreted with 
caution. Future multicenter, longitudinal studies with 
larger samples and more comprehensive clinical data 
are needed to validate and extend these �ndings.

CONCLUSION

Cancer care evaluation should extend beyond surviv-
al and safety outcomes to include health-related qual-
ity of life and patient-borne costs, supporting more 
patient-centered and value-based care. �is study 
provides evidence on QoL, �nancial burden, and 
the sociodemographic and clinical factors associated 
with patient-reported outcomes among patients with 
cancer. �e �ndings highlight the need for policies 
promoting health education, employment support, 
timely cancer screening and diagnosis, and equitable 
access to healthcare. Future multicenter longitudinal 
studies are warranted to further inform evidence-
based, patient-centered cancer care.
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OBJECTIVE

To evaluate the independent impact of internal mammary node irradiation (IMNI) and thorac-
ic morphology on organ-at-risk (OAR) doses and normal tissue complication probability (NTCP) in 
free-breathing right breast volumetric modulated arc therapy (VMAT), and to identify computed to-
mography (CT)-based markers of higher OAR dose.

METHODS

Fi�y consecutive right-sided breast cancer patients treated with free-breathing VMAT were retrospec-
tively analyzed. Doses were converted to the equivalent dose in 2-Gy fractions (EQD2; α/β=3 Gy). Pul-
monary NTCP (Lyman-Kutcher-Burman model) and major adverse cardiac event risk (Darby model) 
were calculated. Multivariate analysis identi�ed independent OAR-dose predictors.

RESULTS

IMNI (13 patients, 26%) signi�cantly increased lung Dmean, pulmonary NTCP, and cardiac Dmean 
on univariate analysis (all p<0.001). A�er adjustment, IMNI independently predicted lung Dmean 
(β=+0.97 Gy; p=0.029), lung V5 (β=+8.28%; p=0.024), cardiac Dmean (β=+0.43 Gy; p=0.027), and 
NTCP (β=+0.60%; p=0.020). �oracic lateral diameter independently correlated with lung Dmean 
(ρ=0.368; p=0.009) and cardiac Dmean (ρ=0.311; p=0.028). �e Haller Index showed no signi�cant 
correlation with OAR doses.

CONCLUSION

IMNI independently increases lung and cardiac doses and thoracic lateral diameter independently pre-
dicts OAR dose in free-breathing right-breast VMAT. �ese markers may identify higher-risk patients 
who could be prioritized for deep inspiration breath-hold (DIBH) evaluation, pending con�rmation in 
paired planning studies.

Keywords: Breast cancer radiotherapy; internal mammary node irradiation; normal tissue complication probability; 
organ-at-risk dose; volumetric modulated arc therapy.
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INTRODUCTION

Breast cancer is the most common malignancy among 
women worldwide, with approximately 2.3 million inci-
dent cases annually.[1] Adjuvant radiotherapy (RT) sub-
stantially reduces locoregional recurrence and improves 
breast cancer-speci�c survival following breast-conserv-
ing surgery and mastectomy.[2] However, irradiation 
of the thoracic region inevitably exposes the ipsilateral 
lung and heart to incidental radiation, with the potential 
for long-term cardiopulmonary complications.

�e landmark study by Darby et al.[3] demon-
strated that the risk of major adverse cardiac events 
(MACE) increases linearly with the mean heart dose 
by 7.4% per gray, commencing within �ve years of irra-
diation and persisting for decades. Radiation-induced 
pneumonitis, a clinically relevant dose-limiting toxici-
ty, has been quantitatively characterized through dose-
volume metrics, with lung mean dose and V20 serving 
as principal predictors within the Lyman-Kutcher-Bur-
man (LKB) modelling framework.[4]

Internal mammary node irradiation (IMNI) has 
been increasingly incorporated into locoregional 
RT protocols for node-positive and high-risk breast 
cancer following randomized evidence of survival 
bene�ts from comprehensive regional nodal irradia-
tion.[5] However, incorporating internal mammary 
targets substantially expands the irradiated volume, 
raising concerns about elevated OAR dose exposure.
[6] In right-sided breast cancer, the cardiac anatomy 
results in comparatively lower baseline mean heart 
doses than in le�-sided irradiation; nevertheless, the 
incremental OAR dose burden attributable to IMNI 
remains clinically relevant, particularly given the 
proximity of the right coronary artery, lung base, and 
liver to the internal mammary chain.

Deep-inspiration breath-hold (DIBH) is an estab-
lished respiratory gating technique that reduces cardi-
ac and pulmonary doses by increasing thoracic volume 
and creating greater geometric separation between the 
irradiated target and critical structures.[7] Recent do-
simetric studies have demonstrated meaningful OAR 
sparing with DIBH in right-sided breast cancer, par-
ticularly when IMNI is included.[8] Despite these �nd-
ings, DIBH requires additional institutional </w:t><
w:lastRenderedPageBreak/><w:t>resources, extended 
simulation times, and patient cooperation. Identifying 
pretreatment CT-based morphological features asso-
ciated with higher free-breathing OAR dose could, in 
principle, help �ag patients for whom more advanced 
dose-sparing approaches merit prospective evaluation.

�is study aimed to assess the independent impact of 
IMNI and thoracic morphological parameters, including 
lateral diameter, AP diameter, longitudinal diameter, the 
Vertical-Transverse Lung Ratio, and the Haller Index, on 
OAR dose-volume indices and NTCP in a homogeneous 
free-breathing right breast VMAT cohort and to identify 
determinants of free-breathing OAR dose that may serve 
as candidate criteria for prospective DIBH evaluation.

MATERIALS AND METHODS

Patients and Ethics
�is retrospective single-institution study enrolled 
50 consecutive patients with right-sided breast can-
cer who were treated with adjuvant RT at the Bat-
man Training and Research Hospital Department of 
Radiation Oncology between August 2025 and May 
2026. Ethical approval was obtained from the Non-
Interventional Research Ethics Committee of the Bat-
man Training and Research Hospital (No: 481, Date: 
14/05/2026). �is study was conducted in accordance 
with the Declaration of Helsinki. All patients received 
free-breathing VMAT, and those planned with DIBH 
were excluded to ensure cohort homogeneity. Written 
consent was obtained from the patients.

Treatment Planning
Treatment plans were generated using the Monaco 6.2 
planning system (Elekta AB, Stockholm, Sweden) and 
delivered using an Elekta Versa HD linear accelerator. 
Contouring was performed by a single radiation oncol-
ogist according to the ESTRO consensus guidelines.[9] 
Hypofractionated schedule: 40.05 Gy in 15 fractions 
(simultaneous integrated boost 48 Gy/15 fr for breast-
conserving surgery patients). Conventional schedule: 
50 Gy in 25 fractions with a sequential boost of 10 Gy/5 
fractions. IMNI was selectively applied based on the 
axillary nodal status and medial tumor location.

Dosimetric Parameters and EQD2 Conversion
DVH parameters were extracted for the ipsilateral lung 
(Dmean, V5, and V20) and heart (Dmean and V5). All 
doses were converted to EQD2 using a linear-quadratic 
model (α/β=3 Gy). For the hypofractionated plans, the 
V20 threshold was adjusted to V16 and V5 to V4 in the 
physical dose, corresponding to 20 Gy and 5 Gy EQD2, 
respectively.

Thoracic Morphological Measurements
�oracic dimensions were measured on planning CT, 
including the AP, lateral, and longitudinal diameters. 
�e Haller Index (HI = lateral² / (AP × sagittal)) was 
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calculated. �e right lung, cardiac, and breast/GTV 
volumes were derived from CT-based contours. All 
measurements were performed by a single observer 
using a digital caliper.

NTCP Modelling
Pulmonary NTCP was calculated using the LKB model 
(TD50=30.5 Gy, m=0.37, n=0.99).[10] Cardiac MACE 
risk was estimated using the Darby linear model: 
MACE risk=3%×(1+0.074×cardiac Dmean).[3]

Statistical Analysis
Normality was assessed using the Shapiro-Wilk test. 
Normally distributed continuous variables are expressed 
as mean ± standard deviation (SD) and compared using 
the independent-samples t-test. Non-normally distrib-
uted variables are expressed as medians (25th–75th per-
centile) and were compared using the Mann-Whitney U 
test. Categorical variables were compared using Fisher’s 
exact test. Spearman’s rank correlation was used to as-
sess the bivariate associations between the morpho-
logical parameters and the OAR dose metrics, given the 
non-normal distribution of several dose parameters. 
Multivariate linear regression, adjusted for fractionation 
schedule, surgical type, right lung volume, and periph-
eral nodal irradiation, identi�ed independent predictors 
of OAR dose. Multicollinearity was assessed using vari-
ance in�ation factors (VIFs), with values <5 considered 
acceptable. �e robustness of the IMNI associations 

was further evaluated by restricting the analysis to pa-
tients who received regional nodal irradiation, by mod-
elling nodal treatment as a three-level ordinal variable 
(breast/chest-wall only, regional nodal irradiation with-
out IMNI, and regional nodal irradiation with IMNI), 
and by re-estimating the primary model using a non-
parametric bootstrap (percentile con�dence intervals 
over 2000 resamples), which makes no distributional 
assumption while targeting the same conditional-mean 
estimand. Linear regression was used descriptively to 
quantify explained variance and independent associa-
tions rather than for formal parametric inference. Co-
hen’s d quanti�ed e�ect sizes. Analyses were performed 
using Python 3.11 (pandas 2.1, scipy 1.11, statsmodels 
0.14) and SPSS 26.0 (IBM Corp., Armonk, NY, USA). 
Statistical signi�cance was set at p<0.05 (two-tailed).

RESULTS

Patient and Treatment Characteristics
�e cohort comprised 50 patients with right-sided 
breast cancer who were treated with free-breathing 
VMAT. Breast-conserving surgery was performed in 
28 (56.0%) patients and mastectomy in 22 (44.0%) pa-
tients. Hypofractionated RT was used in 22 (44.0%) 
and conventional fractionation in 28 (56.0%). Periph-
eral lymphatic RT was administered to 35 (70.0%) pa-
tients and IMNI to 13 (26.0%). Patient characteristics 
and between-group comparisons are shown in Table 1. 

Table 1 Patient and thoracic morphological characteristics by internal mammary node irradiation status

Parameter Total (n=50) No IMNI (n=37) IMNI (n=13) p

Surgery, n (%)

Breast-conserving surgery 28 (56) 21 (56.8) 7 (53.8) 0.851

Mastectomy 22 (44) 16 (43.2) 6 (46.2) –

Fractionation, n (%)

Hypofractionated (40.05 Gy/15 fr) 22 (44) 19 (51.4) 3 (23.1) 0.149

Conventional (50 Gy/25 fr) 28 (56) 18 (48.6) 10 (76.9) –

Nodal Irradiation, n (%)

Peripheral lymphatic RT 35 (70) 22 (59.5) 13 (100) 0.003**

Internal mammary RT 13 (26) – 13 (100) –

Thoracic measurements

AP diameter (cm) 10.26±1.41 10.31±1.39 10.10±1.50 0.664

Lateral diameter (cm) 21.96±1.19 21.84±1.20 22.38±1.12 0.185

Longitudinal diameter (cm) 14.30±1.62 14.27±1.68 14.38±1.45 0.834

Haller index 2.18±0.35 2.19±0.36 2.16±0.34 0.820

Right lung volume (cc) 1341±186 1335±191 1357±176 0.704

Cardiac volume (cc) 625±104 618±110 644±87 0.419

Breast/mastectomy volume (cc) 722±484 700±464 786±545 0.602
**: p<0.01. Continuous data are presented as mean ± SD, and categorical data are presented as n (%). Group comparisons: independent samples t-test or Fisher’s 
exact test as appropriate. AP: Anterior-posterior; BCS: Breast-conserving surgery; GTV: Gross tumor volume; HI: Haller Index; IMNI: Internal mammary node irradia-
tion; RT: Radiotherapy. 
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No signi�cant di�erences were observed between the 
IMNI and non-IMNI groups in terms of surgical type, 
fractionation, thoracic measurements, or anatomical 
volumes (all p>0.05); the only signi�cant di�erence was 
a higher peripheral RT rate in the IMNI group (100% 
vs. 59.5%; p=0.003). Fi�een patients received breast or 
chest-wall irradiation alone, 22 received comprehen-
sive regional nodal irradiation without IMNI, and all 
13 IMNI patients also received regional nodal irradia-
tion; the 22 patients who received regional nodal irra-
diation without IMNI served as the reference stratum 
enabling the e�ect of IMNI to be separated from that of 
comprehensive regional nodal irradiation.

OAR Dose Distribution and NTCP
Overall, the median ipsilateral lung Dmean was 9.95 
(IQR: 8.43–11.00) Gy, median lung V20 was 15.5 (IQR: 
12.0–19.0) %, lung V5 was 45.30±11.64%, cardiac 
Dmean was 2.15±0.64 Gy, and median cardiac V5 was 
1.35 (IQR: 0.10–7.60) %. �e median pulmonary NTCP 
was 2.97 (IQR: 1.64–4.20) % (range 1.39–5.54%), and 
the mean MACE risk was 3.48±0.14%.

Impact of Internal Mammary Node Irradiation
Univariate analysis demonstrated that IMNI was sig-
ni�cantly associated with higher values for all OAR 
dose endpoints, with large e�ect sizes (Cohen’s d=1.27, 
1.18, and 1.18 for lung Dmean, lung V5, and cardiac 
Dmean, respectively) (Table 2). �e rate of lung V20 
exceeding 15% was 92% in patients with IMNI ver-
sus 46% in patients without IMNI (p=0.004). Cardiac 
Dmean exceeded 2.5 Gy in 54% of IMNI patients ver-
sus 14% of non-IMNI patients (p=0.007).

A�er multivariate adjustment, IMNI remained 
an independent predictor of lung Dmean (β=+0.97 
Gy, 95% CI: +0.10 to +1.85; p=0.029; R²=0.616), lung 

V5 (β=+8.28%, 95% CI: +1.14 to +15.41; p=0.024; 
R²=0.338), cardiac Dmean (β=+0.43 Gy, 95% CI: 
+0.05 to +0.81; p=0.027; R²=0.372), and pulmonary 
NTCP (β=+0.60%, 95% CI: +0.10 to +1.11; p=0.020; 
R²=0.625). Lung V20 and cardiac V5 did not retain 
signi�cance a�er adjustment (Table 3). No evidence 
of problematic multicollinearity was observed among 
the regression covariates (all VIF values <2; IMNI 
VIF=1.21, peripheral RT VIF=1.72).

Because all IMNI patients also received compre-
hensive regional nodal irradiation, additional analyses 
were performed to separate the two e�ects. When the 
analysis was restricted to the 35 patients receiving re-
gional nodal irradiation, IMNI remained independent-
ly associated with cardiac Dmean (β=+0.48 Gy; 
p=0.047), while lung Dmean (β=+0.99 Gy; p=0.054) 
and lung V5 (β=+8.07%; p=0.052) showed similar ef-
fect sizes with borderline statistical signi�cance. Mod-

Table 2 OAR dose parameters and NTCP estimates by internal mammary node irradiation status (EQD2, α/β=3 Gy)

Parameter (EQD2, α/β=3 Gy) Total (n=50) No IMNI (n=37) IMNI (n=13) p

Ipsilateral lung

Dmean (Gy)† 9.95 (8.43–11.00) 8.95 (6.80–10.50) 11.00 (10.20–11.00) <0.001***

V20 (%)† 15.5 (12.0–19.0) 13.0 (11.0–17.0) 18.0 (17.0–20.0) 0.003**

V5 (%) 45.30±11.64 42.11±9.99 54.38±10.71 <0.001***

NTCP Pneumonitis (%)† 2.97 (1.64–4.20) 2.81 (1.79–3.82) 4.20 (3.60–4.20) <0.001***

Heart

Dmean (Gy) 2.15±0.64 1.97±0.56 2.64±0.56 <0.001***

V5 (%)† 1.35 (0.10–7.60) 1.09 (0.10–6.00) 8.70 (5.48–10.00) 0.002**

MACE Risk (%)‡ 3.48±0.14 3.44±0.13 3.59±0.13 <0.001***
†: Non-normally distributed (Shapiro-Wilk p<0.05): median (25th–75th percentile); Mann-Whitney U test. Normally distributed: mean±SD; independent-samples 
t-test. ‡: MACE risk: Darby model (baseline 3%×[1+0.074×Dmean]).  **: p<0.01; ***: p<0.001. Spearman’s rank correlation coefficients are denoted as r. EQD2: 
Equivalent dose in 2-Gy fractions; IMNI: Internal mammary node irradiation; MACE: Major adverse cardiac event; NTCP: Normal tissue complication probability. 

Table 3 Multivariate linear regression: Independent effect 
of IMNI on OAR doses after adjustment for 
fractionation, surgical type, right lung volume, 
and peripheral nodal irradiation

Outcome IMNI β 

(Gy or %)

95% CI p

Lung Dmean (Gy) +0.97 +0.10 to +1.85 0.029*

Lung V20 (%) +1.81 -0.45 to +4.07 0.114

Lung V5 (%) +8.28 +1.14 to +15.41 0.024*

Heart Dmean (Gy) +0.43 +0.05 to +0.81 0.027*

Heart V5 (%) +2.95 -1.30 to +7.20 0.168

NTCP Pneumonitis (%) +0.60 +0.10 to +1.11 0.020*

*: p<0.05. Covariates: IMNI, fractionation (hypofractionated vs. conventional), 
surgery (BCS vs. mastectomy), right lung volume, and peripheral lymphatic 
RT. CI: Confidence interval; IMNI: Internal mammary node irradiation; NTCP: 
Normal tissue complication probability. 
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elling nodal treatment as a three-level ordinal variable 
demonstrated a stepwise dose gradient, with IMNI 
adding an incremental dose burden beyond region-
al irradiation alone (lung Dmean: +2.96 Gy vs. +1.93 
Gy; cardiac Dmean: +0.96 Gy vs. +0.48 Gy, relative to 
breast/chest-wall irradiation). Re-estimation of the pri-
mary model using a non-parametric bootstrap (2000 
resamples; Table 4) con�rmed the robustness of the 
IMNI associations for the lung endpoints (lung Dmean 
p=0.013; lung V5 p=0.035), whereas the association 
with cardiac Dmean remained directionally consistent 
(β=+0.45 Gy) but did not reach conventional statisti-
cal signi�cance (p=0.068), consistent with the modest 
sample size and exploratory nature of the analysis.

Thoracic Geometry as a Predictor of OAR Dose
Among the morphological parameters, the later-
al thoracic diameter correlated signi�cantly with 
lung Dmean (ρ=0.368, p=0.009), pulmonary NTCP 
(ρ=0.368, p=0.009), cardiac Dmean (ρ=0.311, 
p=0.028), and MACE risk (ρ=0.311, p=0.028). �ese 
associations were retained in the multivariate models 
a�er adjusting for IMNI and fractionation. �e Haller 
Index showed no signi�cant correlation with any OAR 
dose parameter (all p>0.05; |ρ| range: 0.016–0.076). 
�e longitudinal diameter showed no signi�cant cor-
relation with lung V5 (ρ=-0.226, p=0.114).

DISCUSSION

�is study demonstrates that IMNI independently 
increases the ipsilateral lung dose, pulmonary NTCP, 
and cardiac mean dose in free-breathing right breast 
VMAT, even a�er adjusting for the fractionation 
schedule and other treatment-related confounders. Ad-

ditionally, the thoracic lateral diameter independently 
predicted the lung and cardiac OAR dose, providing 
a readily measurable pretreatment CT parameter as-
sociated with higher OAR dose under free-breathing 
treatment. Because the regression analyses were ex-
ploring and performed in a relatively small cohort, the 
observed associations should be interpreted as hypoth-
esis-generating.

Our �nding of elevated OAR doses with IMNI is 
consistent with the published dosimetric evidence. 
Refsgaard et al.[11] reported a mean ipsilateral lung 
dose increase of 2.7 Gy and an approximately 20% 
increase in irradiated volume with IMNI versus non-
IMNI locoregional RT plans. Regional nodal irradia-
tion, including IMNI, has consistently been shown to 
increase cardiac and lung dose-volume parameters 
compared with breast or chest wall irradiation alone.
[12] Our data con�rm these �ndings in a right-sided 
free-breathing VMAT-speci�c cohort with EQD2 nor-
malization, a methodological re�nement enabling val-
id cross-comparison across mixed fractionation sched-
ules, which is a common limitation of prior dosimetric 
studies.

�e independent predictive value of IMNI for car-
diac Dmean (β=+0.43 Gy a�er multivariate adjust-
ment) has a direct clinical signi�cance. Applying the 
Darby model,[3] this increment corresponds to an ap-
proximate 3.2% relative increase in MACE risk attrib-
utable speci�cally to IMNI. While the absolute cardiac 
risks associated with right-sided breast RT are lower 
than those associated with le�-sided irradiation, the 
cumulative lifetime risk — particularly in younger pa-
tients, those with pre-existing cardiovascular comor-
bidities, or those receiving anthracycline-based che-
motherapy — may reach clinical relevance.[13] Given 

Table 4 Robustness of the independent effect of IMNI on organ-at-risk doses: Primary OLS model and non-parametric 
bootstrap

Outcome Model IMNI β (Gy or %) 95% CI p

Lung Dmean (Gy) OLS (primary) +1.03 +0.09 to +1.97 0.032*

Bootstrap (2000 resamples) +1.01 +0.23 to +1.82 0.013*

Lung V5 (%) OLS (primary) +8.28 +1.14 to +15.41 0.024*

Bootstrap (2000 resamples) +8.00 +0.45 to +16.67 0.035*

Heart Dmean (Gy) OLS (primary) +0.47 +0.06 to +0.89 0.026*

Bootstrap (2000 resamples) +0.45 -0.03 to +0.95 0.068

*: p<0.05. β denotes the adjusted IMNI coefficient (increment attributable to internal mammary node irradiation) from the primary covariate set (IMNI, fraction-
ation, surgery, right lung volume, and peripheral lymphatic RT; n=50). Because several dose parameters were non-normally distributed and the sample was mod-
est, the ordinary least-squares (OLS) estimates were re-evaluated using a non-parametric bootstrap (percentile confidence intervals over 2000 resamples), which 
makes no distributional assumption while targeting the same conditional-mean estimand. Doses are expressed in EQD2 (alpha/beta=3 Gy). The IMNI associations 
for the lung endpoints were preserved under bootstrap resampling; the cardiac Dmean association was directionally consistent but attenuated to borderline 
significance, consistent with the modest sample size and the exploratory nature of the analysis. CI: confidence interval; IMNI: internal mammary node irradiation. 
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that the right coronary artery passes through the an-
terior aspect of the heart near the medial �elds, minor 
increases in mean heart dose driven by IMNI cannot 
be dismissed as clinically negligible.

�e IMNI-related lung dose elevation has impor-
tant implications for pneumonitis-risk strati�cation. 
Consistent with QUANTEC recommendations,[14] 
an institutional lung V20 threshold of 15% was used 
as a practical risk boundary in the breast RT context, 
which is a lower threshold than the 30–35% recom-
mended for lung cancer RT, re�ecting the expectation 
of lower lung doses in adjuvant breast irradiation. �e 
fact that 92% of IMNI patients exceeded this thresh-
old versus only 46% of non-IMNI patients (p=0.004) 
identi�es IMNI candidates as the highest-risk free-
breathing subgroup, in whom prospective evaluation 
of DIBH bene�t is warranted.

DIBH has been shown to meaningfully reduce 
OAR doses in right-sided breast cancer RT, particu-
larly when IMNI is included. Yoo et al.[15] demon-
strated reductions in ipsilateral lung Dmean from 
15.9 to 12.6 Gy and cardiac Dmean from 2.5 to 1.6 
Gy with DIBH in right-sided patients receiving re-
gional nodal irradiation. A treatment planning study 
by Brown et al.[8] similarly con�rmed considerable 
OAR sparing with DIBH in right-sided locoregional 
RT plans, including IMNI. Our data identi�ed pa-
tients with IMNI as the highest-risk free-breathing 
subgroup, in whom the potential bene�t of more 
advanced dose-sparing techniques would be worth 
evaluating prospectively.

To our knowledge, the identi�cation of the later-
al thoracic diameter as an independent predictor of 
lung and cardiac OAR dose is novel in the right-sided 
breast RT setting. �e mechanistic basis is straight-
forward: A wider thorax necessitates wider tangential 
beam apertures that intercept a proportionally larger 
volume of the ipsilateral lung. Critically, the lateral di-
ameter remained signi�cant a�er adjustment for lung 
volume, indicating that thoracic width conveys dis-
tinct geometric information beyond volumetric pa-
rameters. �e lateral diameter is directly measurable 
from any planning CT without specialized so�ware, 
making it a readily available candidate parameter for 
pretreatment risk assessment, pending external vali-
dation. External validation is required before adopt-
ing speci�c lateral-diameter thresholds for routine 
clinical decision-making.

�e Haller Index, a thoracic deformity index derived 
from the AP, sagittal, and lateral diameters, showed no 
signi�cant correlation with OAR doses in our right-

sided cohort (all p>0.05). �is di�ers from the �ndings 
of le�-sided breast cancer studies, in which thoracic 
shape may in�uence cardiac proximity to the irradi-
ated chest wall. In right-sided RT, cardiac exposure is 
predominantly determined by the medial �eld extent 
(IMNI inclusion) rather than thoracic deformity, ex-
plaining the lack of HI predictive value. �ese �ndings 
argue against the use of thoracic shape indices as OAR 
dose predictors in right-sided breast RT.

�e LKB-derived pulmonary NTCP estimates 
(median, 2.97%) and Darby-model MACE estimates 
(mean, 3.48%) re�ect the low OAR doses character-
istic of adjuvant breast RT.[16] �eir principal utility 
in this study lies in their use as continuous quantita-
tive outcome variables for multivariate analysis and 
as individualized risk communication tools, enabling 
explicit, patient-centered quanti�cation of the incre-
mental OAR risk attributable to IMNI, which may 
support the informed consent process and facilitate 
risk-adapted planning decisions.

Limitations of the Study
�is study had several limitations. As this was a retro-
spective single-center analysis, selection bias cannot 
be excluded. �e sample size of 50 patients limited the 
statistical power of the subgroup analyses. According-
ly, multivariable modelling should be considered ex-
ploratory and requires con�rmation in larger external 
datasets. Demographic variables, including patient 
age and cardiovascular comorbidity pro�les, were not 
available in the dosimetric dataset and could not be 
included as covariates. �e absence of clinical toxic-
ity data precludes the direct validation of NTCP esti-
mates against observed outcomes, and a prospective 
cohort study with long-term toxicity endpoints is war-
ranted. Because all patients who received IMNI also 
underwent peripheral lymphatic irradiation, these 
two variables were strongly associated, which may 
introduce collinearity into the multivariate models; 
the IMNI estimates should therefore be interpreted as 
re�ecting comprehensive regional nodal irradiation 
that included the internal mammary chain. In addi-
tion, p-values were not adjusted for multiple com-
parisons, so borderline associations warrant cautious 
interpretation. DIBH planning was not performed in 
this cohort; a paired dosimetric comparison of free-
breathing and DIBH plans for individual patients is 
required to directly quantify patient-speci�c DIBH 
bene�ts. Consequently, the proposed DIBH selection 
criteria remain inferential and should be validated in 
paired free-breathing and DIBH planning studies. 
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CONCLUSION

In free-breathing right breast VMAT, IMNI indepen-
dently increased the ipsilateral lung dose, pulmonary 
NTCP, and cardiac mean dose a�er multivariate ad-
justment. �e thoracic lateral diameter independently 
predicted lung and cardiac OAR exposure beyond lung 
volume, whereas the Haller Index did not predict OAR 
doses in the right-sided context. Patients requiring 
IMNI, particularly those with a wide lateral thoracic 
diameter, represent the highest-risk subgroup under 
free-breathing treatment and may be candidates for 
prospective DIBH evaluation. �ese pretreatment CT-
based criteria may assist patient strati�cation for DIBH 
evaluation; however, external validation and paired 
DIBH-free-breathing planning studies are required be-
fore routine clinical implementation.
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INTRODUCTION

Anal region cancers are less prevalent compared to 
other types of gastrointestinal cancer, however, unfa-

vorable trends in anal cancer incidence have been ob-
served over time.[1] Incidence patterns varied by geog-
raphy and population characteristic, attributed to the 
distribution of risk factors causing anal cancer in dif-
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OBJECTIVE

�e standard treatment for anal cancer involves chemoradiotherapy (CRT), o�en resulting in long-term 
side e�ects that impact patients’ quality of life (QoL). �e present study aimed to analyse the long-term QoL 
in anal squamous cell carcinoma (SCC) cases treated with intensity-modulated radiation therapy (IMRT). 

METHODS

Between January 2007 and January 2022, 27 anal SCC cases were treated with de�nitive radiotherapy (RT) 
or CRT with IMRT. �e EORTC QLQ-C30 and EORTC QLQ-CR29 scales were used for data collection. 

RESULTS

�e mean score for Global Health status/QoL was 72±22.9 and functional scales (range, 84.5-93.8) were 
generally high, indicating a favourable QoL in the EORTC QLQ-C30 scale. �e highest symptom scores 
were observed for fatigue, insomnia, and �nancial di�culty. Notably, age (<65 vs. ≥65) was identi�ed 
as a factor in�uencing Global Health status/QoL, with patients <65 years of age experiencing a more 
positive impact. In EORTC QLQ-CR29, although functional scales showed favourable outcomes in body 
image, anxiety and weight, sexual interest for males (24.8±34.4) and females (10.4±15.7) was impaired, 
while symptoms like impotence (37.2±32.9) and dyspareunia (31.3±34) scored high. �e third-highest 
symptom was urinary frequency (20.7±27.1). Age ≥65 years was associated with increased symptoms of 
buttock pain, �atulence and anxiety. 

CONCLUSION

Among anal SCC survivors treated with IMRT, functional scores were generally high, whereas clinically 
relevant sexual function problems were observed. Given the limited sample size and the multiple QoL 
domains examined, these exploratory �ndings should be considered hypothesis-generating rather than 
con�rmatory.
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ferent regions.[2] In the latest report, age-standardised 
incidence rates were less than 2.2/100 000 person-years 
across selected countries worldwide. Germany exhib-
ited the highest incidence rates for both sexes (1.65/100 
000 men and 2.16/100 000 women) during 2008–2012, 
while the lowest rates were found in the Philippines 
(0.25/100 000 men and 0.18/100 000 women). Notably, 
female incidence rates remained higher than male rates 
across nearly all analysed countries.[3] According to 
another report, anal SCC incidence increased by 2.7% 
annually from 2001 to 2015. Among white men, inci-
dence steadily rose until age 65–69 years, while white 
women showed sharp increases from age 30 to 54 years, 
followed by gradual increases. In contrast, among black 
men, steep increases occurred at younger ages, whereas 
among black women, increases persisted until age 65–
69 years. Statistically signi�cant increases in incidence 
were observed for all age groups aged 50 years and old-
er. Among men, the average annual percentage changes 
for the age groups 50–59, 60–69, and 70 years and older 
were 4.2%, 2.7%, and 3.8%, respectively. For women, the 
corresponding changes for the same age groups were 
5.0%, 5.3%, and 2.5%, respectively.[4] With the aging 
global population, the burden of anal cancer is expected 
to persistently increase and continue to have an impact.

Anal cancer has unique anatomical and histologi-
cal features that play a pivotal role in their diagnosis, 
treatment and monitoring. �e standard treatment for 
local-regional disease involves de�nitive chemoradio-
therapy (CRT), as supported by prospective random-
ized studies.[5,6] �e primary goal of treatment is to 
achieve a complete response while minimizing toxic-
ity. �roughout treatment history, various concurrent 
chemotherapy (CT) regimens, radiotherapy (RT) tech-
niques and dose applications have been explored to re-
duce toxicity.[7–9] Despite e�orts to minimize toxicity, 
a signi�cant number of patients still receive high doses 
of RT as the standard treatment.[10] Consequently, the 
long-term side e�ects become inevitable, signi�cantly 
impacting patients’ quality of life (QoL).[11]

In addition, the evaluation of long-term side ef-
fects lacks a gold standard method and o�en tends 
to provide assessments more aligned with clinicians’ 
perspectives.[12–14] �erefore, QoL scales containing 
subjective assessments based on the patient’s personal 
experiences play a crucial role. �e EORTC core quali-
ty of life questionnaire (EORTC QLQ-C30) version 3.0 
stands out as the most widely used QoL scale, appli-
cable across various cancer types.[15] Speci�cally de-
signed for the colorectal region, the EORTC Quality of 
Life Questionnaire-Colorectal Cancer (EORTC QLQ-

CR29) has been recognized as a suitable scale for as-
sessing QoL functions.[16,17] Retrospective and cross-
sectional studies conducted up to 2015 and examining 
the EORTC QLQ-C30 and EORTC QLQ-CR29 scales 
have reported a decline in QoL and an increase in 
symptoms.[18] �ese studies primarily focused on 
patient populations treated with three-dimensional 
conformal radiotherapy (3D-CRT) until 2007. Subse-
quently, the widespread adoption of intensity-modu-
lated radiation therapy (IMRT) has led to a reduction 
in side e�ect pro�les, albeit with continued e�ects on 
QoL.[19,20] Up to date, limited research has assessed 
the QoL e�ects of IMRT; therefore, the present study 
aimed to analyse the QoL of anal squamous cell carci-
noma (SCC) cases treated with IMRT and to identify 
clinical factors associated with QoL.

MATERIALS AND METHODS

Between January 2007 and January 2022, 27 cases of 
local/local-advanced anal SCC treated with de�nitive 
RT/CRT at the Department of Radiation Oncology, 
Ege University Hospital, were evaluated in the pres-
ent study. �e patient data was accessed retrospec-
tively from archive �les. Individuals aged 18 years or 
older who had a minimum follow-up of 2 years a�er 
diagnosis and showed no signs of recurrence were in-
cluded. Exclusion criteria included metastatic disease 
at diagnosis, multiple sclerosis, Parkinson’s disease, 
external rectal prolapse, in�ammatory bowel disease, 
diabetic neuropathy, prior RT at diagnosis, and a his-
tory of other cancers within the last 3 years. Patients 
lost to follow-up or unreachable at the time of survey 
administration were excluded. To assess the QoL of the 
patients, interviews were conducted using �e EORTC 
QLQ-C30 and EORTC QLQ-CR29 questionnaires in a 
cross-sectional manner. No serial or prospective PRO 
collection during treatment was available. �is was a 
cross-sectional survivorship assessment rather than a 
longitudinal QoL study.

Treatment and Follow-up
Using the sequential boost technique, high-risk clini-
cal target volume (CTV) included gross disease CTV, 
mesorectum, presacral nodes and bilateral internal and 
external iliac nodes below the sacroiliac joint.[21] Ad-
ditional inguinal nodes were included if there was gross 
inguinal nodal involvement. Low-risk CTV encom-
passed gross disease CTV, high-risk CTV, presacral, 
bilateral internal and external iliac nodes above the 
sacroiliac joint to the L5/S1 vertebral body junction. 
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Bilateral inguinal nodes were included if there was no 
obvious involvement. �e dose consisted of 45 Gy at 1.8 
Gy per fraction, followed by a 5.4–9 Gy boost at 1.8 Gy 
per fraction for the high-risk CTV. An additional 5.4–9 
Gy boost was administered for the gross disease CTV, 
reaching a total of 59.4 Gy or 64.8 Gy for stable or pro-
gressive cases. Using the Simultaneous Integrated Boost 
(SIB) technique, single CTV included gross disease 
CTV, bilateral inguinal nodes, mesorectum, presacral 
nodes, and bilateral internal and external iliac nodes 
above the sacroiliac joint to the L5/S1 vertebral body 
junction.[22] �e dose was targeted at 45–54 Gy for 
single CTV, with a speci�c 54–59.4 Gy range for gross 
disease CTV. Concurrent CT was administered with a 
continuous infusion of 5-Florourasil (5-FU) at a dose 
of 1,000 mg/m2/day given intravenously on days 1–4 
and 29–32, and Mitomycin C (MMC) as a 10 mg/m2 

intravenous bolus on days 1 and 29 (maximum 20 mg). 
None of the cases received induction chemotherapy.

Patients underwent regular follow‐up a�er their 
treatment, which involved digital rectal

examinations every 3 months for the �rst 2 years, 
biannually from year 3 to 5, and yearly therea�er. Fe-
males underwent gynecological examinations, and im-
aging was conducted as necessary.

Data Collection
�e EORTC QLQ-C30 and EORTC QLQ-CR29, which 
have undergone Turkish validations, were utilized in 
the present study. Permission to use these question-
naires was obtained from the appropriate authorities. 
All patients were treated and followed at Ege Univer-
sity Hospital, Department of Radiation Oncology, 
which is also the institution that provided ethics ap-
proval for this study (Approval Code: 2024-KAEK-04, 
No: 24-10/6). �e study was performed in line with 
the principles of the Declaration of Helsinki. Patients 
treated between 2007 and 2022 were identi�ed retro-
spectively from institutional archives, and in 2024 the 
ethics committee approved retrospective contact and 
administration of the survey. QoL questionnaires were 
administered once per patient during survivorship fol-
low-up a�er ethics approval in 2024. A consent form 
and information sheet, detailing the study’s purpose, 
procedures, risks, bene�ts, con�dentiality measures, 
and voluntary nature, were obtained from each patient. 

�e EORTC QLQ-C30 questionnaire was devel-
oped by Aaronson et al.[23] and later validated and 
tested in Turkish by Guzelant et al.[24]. �is compre-
hensive questionnaire comprises 30 questions grouped 
into three main categories: i) Global health status and 

QoL; ii) functional scales; iii) and symptom scales. 
Functional scales assess physical, role, emotional, cog-
nitive and social functions, while symptom scales eval-
uate fatigue, nausea-vomiting, pain, dyspnea, insom-
nia, appetite loss, constipation, diarrhea and �nancial 
di�culty, each with a single question. �e �rst 28 of 30 
questions are on a 4-point Likert-type scale (not at all: 1 
Point; a little: 2 Points; quite a bit: 3 Points; very much: 
4 Points). �e �nal two questions inquire about general 
well-being, with a scoring range of 1 to 7 (1 point: Very 
poor; 7 points: Excellent). �e overall scoring for sub-
groups is measured on a scale ranging from 0 to 100, 
following the EORTC scoring guidelines.[25] A higher 
score on the global health status/QoL, and functional 
scales indicates a higher QoL or high functional levels, 
while a higher score on the symptom scales represents 
a high level of symptoms or low functional levels.

EORTC QLQ-CR29 was developed by Gujral et 
al.[16] and Whistance et al.,[17] and the validation and 
reliability of the Turkish version of the questionnaire 
were performed by Akduran and Durna.[26] It con-
sists of 29 questions speci�cally designed for colorec-
tal disease-related complaints, including subheadings 
for patients with or without stomas. �e scale uses a 
4-point Likert-type scale for responses (not at all: 1 
Point; a little: 2 Points; quite a bit: 3 Points; very much: 
4 Points). Additionally, it includes questions about uri-
nary symptoms, pain, hair loss, dry mouth, self-image, 
health concerns, worries and sexual symptoms.

�e EORTC QLQ-CR29 questionnaire is comple-
mentary to the EORTC QLQ-C30. It starts with ques-
tion 31 and ends with question 59. �e questions 31–47 
cover gastrointestinal symptoms, pain, urinary symp-
toms, self-image and health concerns. Question 48, a 
yes-or-no question about the presence of a stoma, is not 
included in the analysis. �e subsequent questions are 
tailored for patients with a stoma bag, with questions 
49–55, and for those without a stoma bag, with ques-
tions 49–54. �e last four questions inquired about sex-
ual QoL in the past 4 weeks, with two separate questions 
for each gender (questions 56 and 57 for males, 58 and 
59 for females). �e overall scoring for subscales is mea-
sured on a scale ranging from 0 to 100 according to the 
EORTC scoring guidelines.[25] Higher scores obtained 
from the functional scales represent high QoL or high 
functional levels. For symptom scales, higher scores rep-
resent a high level of symptoms or low functional levels.

Statistics
Statistical analysis was performed using IBM SPSS 
Statistics version 25 (IBM Corp.). �e mean values of 
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QoL scores were examined along with their standard 
deviations. �e relationship between QoL scores and 
clinical factors was assessed using the Mann-Whitney 
U test or t-test a�er normality analysis. P<0.05 was 
considered to indicate a statistically signi�cant dif-
ference. Given the limited sample size and the large 
number of QoL subscales analyzed, we framed all 
comparisons as exploratory to avoid overinterpreta-
tion. For clarity, only statistically signi�cant mean dif-
ferences are presented, along with their correspond-
ing 95% con�dence intervals and exact p-values. 
Additionally, time since RT (months) was analyzed 
as a continuous variable in relation to each EORTC 
QLQ-C30 and EORTC QLQ-CR29 domain using 
simple linear regression. Domain scores were treated 
as dependent variables, while months since RT was 
the independent variable. Regression coe�cients (B), 
95% con�dence intervals, standardized coe�cients 
(Beta), and p-values were reported.

RESULTS

�e patient and tumor characteristics are outlined in 
Table 1. �e median RT dose was 59.4 Gy, with a range 
of 50.4–64.8 Gy. A total of 85.2% of patients received 
≤59.4 Gy, while 14.8% received >59.4 Gy. Regarding 
boost technique, 70.4% of patients underwent a simul-
taneous integrated boost (SIB), whereas 29.6% received 
a sequential boost. �e median time since RT was 87 
months (range, 12–188 months).

EORTC QLQ-C30
�e mean scores for global health status/QoL 
(mean±SD) and functional scales (mean±SD) are 
high, indicating a good QoL for most cases. �e global 
health status/QoL score was 72±22.9. Among the 
functional scales, cognitive function had the highest 
score (93.8±11.5) (Table 2). When assessing the overall 
health for the past week (question 29), 22.2% of cases 
scored 7, 33.3% scored 6 and 22.2% scored 5 points. In 
the symptom scales (mean±SD), the highest symptom 
score was observed for fatigue (18.7±18.2), followed by 
insomnia (18.4±28). Financial di�culty ranked third 
(11.1±20.6). Other symptom scores were 10 or below 
(Table 2). Regarding diarrhea, 7.4% of cases reported 
experiencing it ‘quite a bit’ or ‘very much’. For constipa-
tion, all cases responded with ‘not at all’ or ‘a little,’ and 
no cases reported severe constipation.

According to the association between clinical char-
acteristics and the EORTC QLQ-C30, not the median 
age of 59 but the cut-o� value of 65 years (<65 vs. ≥65) 

was identi�ed as the sole factor related to the Global 
health status/QoL, indicating a deterioration, especial-
ly in the elderly population. Being <65 years old was as-
sociated with a positive impact on Global health status/
QoL (p=0.029; Mann-Whitney U test) (Table 3).

In regression analyses evaluating time since RT as 
a continuous variable, no signi�cant associations were 
observed across global health, the �ve functional scales, 
and the eight symptom scales (all p>0.10). Only minor, 
non-signi�cant trends were noted, suggesting slightly 
lower physical and social functioning and somewhat 
higher fatigue and pain with longer follow-up intervals. 
E�ect sizes were modest (e.g., global health B=-0.035, 
95% CI -0.219 to 0.150; physical functioning B=-0.139, 

Table 1 The patient and tumour characteristics

Characteristic n (%)

Gender

Female

Male

19 (70.4)

8 (29.6)

Age, median, years (range) 59 (26–75)

T stage

T1

T2

T3

T4

3 (11.1)

6 (22.2)

14 (51.9)

4 (14.8)

N Stage

N0

N1a

N1b

N1c

13 (48.2)

11 (40.7)

0 (0)

3 (11.1)

Stage

I

IIA

IIB

IIIA

IIIB

IIIC

2 (7.4)

4 (14.8)

7 (26)

3 (11.1)

0 (0)

11 (40.7)

Radiotherapy, median total dose, Gy (range) 59.4 (50.4–64.8)

Median time since radiotherapy, months (range) 87 (12–188)

Radiotherapy dose, Gy

≤59.4

>59.4

23 (85.2)

4 (14.8)

Radiotherapy boost technique

Simultaneous integrated boost (SIB)

Sequential boost

19 (70.4)

8 (29.6)

Concurrent chemotherapy

Yes

No

25 (92.6)

2 (7.4)
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-0.307 to 0.030; social functioning B=-0.131, -0.299 to 
0.037; fatigue B=0.076, −0.067 to 0.219; pain B=0.087, 
-0.054 to 0.228), indicating no clear pattern of late re-
covery or late decline in this survivor cohort.

EORTC QLQ-CR29
Regarding the functional scales (mean±SD), the high-
est scores were observed in the body image, anxiety and 
weight subscales, suggesting a favorable QoL. However, 

Table 2 EORTC QLQ-C30 mean scores

Scale Mean score Min-max SD Total

QLQ-C30 Global Health status / QoL *

Functional scales*

Physical

Role

Emotional

Cognitive

Social

Symptom scales**

Fatigue

Nausea and vomiting

Pain

Dyspnoea

Insomnia 

Appetite

Constipation

Diarrhea

Financial impact

72.2

84.5

86.4

85.8

93.8

88.3

18.7

0.5

9.2

0

18.4

5

6.2

9.9

11.1

16–100

20–100

17–100

34–100

66–100

34–100

0–45

0–16

0–66

0

0–66

0–34

0–34

0–100

0–66

22.9

22

25.6

17.7

11.5

21.9

18.2

3

18.1

0

28

12.3

13.4

24.1

20.6

27

27

27

27

27

27

27

27

27

27

27

27

27

27

27

*: Scores range from 0 to 100, with a higher score representing a higher level of functioning or better functioning; **: Scores range from 0 to 100, with a higher 
score representing a greater degree of symptoms or less functioning. SD: standard deviation.

Table 3 The relationship between EORTC QLQ-C30 and clinical characteristics

Characteristic n Global health 

status / QoL

mean (SD)

score (0–100)

Physical

mean (SD)

score 

(0–100)

Role

mean (SD)

score 

(0–100)

Emotional

mean (SD)

score 

(0–100)

Cognitive

mean (SD)

score 

(0–100)

Social

mean (SD)

score 

(0–100)

Fatigue*

mean (SD)

score 

(0–100)

Insomnia*

mean (SD)

score 

(0–100)

Gender

Female

Male

19

8

73.1 (22)

70.3 (24)

83.4 (22)

87 (22)

84 (26)

91 (23

85.5 (18)

86.6 (15)

92 (16)

98 (5)

88.7 (21)

87.5 (4)

20.1 (18)

15.5 (19)

24.4 (30)

4.2 (12)

Age

<65

≥65

19

8

78 (17)**

56 (26)

85.7 (22)

79.7 (22)

90 (21)

76.8 (34)

86.1 (14)

83.5 (25)

95.3 (11)

89.7 (12)

91.6 (18)

79.5 (28)

16.2 (18)

26.7 (14)

20.2 (30)

16.7 (25)

T stage

T1-2

T3-4

9

18

76.5 (16)

70.1 (25)

92.2 (13)

80.6 (24)

96 (12)

81.7 (29)

94.4 (11)

81.5 (18)

92.6 (12)

94.4 (11)

98.2 (5)

83.4 (25)

11.2 (14)

22.5 (18)

14.6 (29)

20.3 (28)

N status

N-

N+

13

14

73.4 (25)

71.2 (21)

85.4 (26)

83.6 (17)

89.8 (24)

83.5 (26)

91.7 (14)

80.3 (19)

93.6 (10)

94 (12)

87.2 (25)

89.4 (19)

13.7 (18)

23.3 (16)

7.6 (19)

28.4 (31)

Stage

I-II

III

13

14

73.4 (25)

71.2 (21)

85.4 (26)

83.6 (17)

89.8 (24)

83.7 (26)

91.7 (14)

80.3 (19)

93.6 (10)

94 (12)

87.7 (25)

89.2 (19)

13.7 (18)

23.5 (16)

7.6 (19)

28.4 (31)

*: Higher scores indicate higher levels of symptoms or less functioning; **: Mean difference (95% CI): 23.2 (5.2 – 41.1), and p=0.029. SD: Standard deviation; QoL: 
Quality of life.
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sexual interest for both males and females was associ-
ated with impaired function (Table 4). Out of 8 male 
patients, 4 answered ‘not at all’ and 3 answered ‘a little,’ 
indicating that 87.5% had little to no sexual interest. For 
female patients, out of 19, 13 answered ‘not at all,’ and 
6 answered ‘a little,’ indicating that all had little to no 
sexual interest. Impotence received the highest score 
(37.2±32.9), followed by dyspareunia (31.3±34) on the 
symptom scales (mean±SD) (Table 4). Among male pa-
tients, 25% reported ‘quite a bit’ or ‘very much’ for erec-
tion problems. For female patients, 26.3% answered 
‘quite a bit’ or ‘very much’ regarding pain or discom-
fort during intercourse. �e third-highest symptom 
was urinary frequency (20.7±27.1). During the day or 
night, 22.2% of cases reported ‘quite a bit’ or ‘very much’ 
for frequent urination. Abdominal pain was reported as 
‘quite a bit’ by 11.1%, and �atulence by 11.1%. Severe fe-
cal incontinence was reported in 7.4% of cases. Overall, 
the symptom scales showed favourable outcomes ex-
cept for impotence, dyspareunia and urinary frequen-
cy (Table 4). �ree cases had stomas, but the impact of 

stoma and non-stoma presence on QoL could not be 
assessed due to the limited number of cases. 

Regarding the relationship between clinical charac-
teristics and the EORTC QLQ-CR29, age (<65 vs. ≥65) 
was the only factor in�uencing symptoms of buttock 
pain (p=0.037) and �atulence (p=0.017). Additionally, 
there was a statistically signi�cant association between 
age ≥65 and increased anxiety (p=0.049; Mann-Whit-
ney U test) (Table 5).

In regression analyses assessing time since RT as a 
continuous variable, no signi�cant associations were 
found for the majority of CR29 domains, including 
body image, anxiety, weight, urinary and bowel symp-
toms, embarrassment, and female sexual function-
ing (all p>0.10). Non-signi�cant positive trends were 
observed for abdominal pain (p=0.084) and bloating 
(p=0.127), while other domains such as dysuria and 
buttock pain also showed mild but non-signi�cant in-
creases with longer follow-up. Importantly, male im-
potence demonstrated a signi�cant positive associa-
tion with time since RT (B=0.499, 95% CI 0.155–0.843, 

Table 4 EORTC QLQ-CR29 mean scores

Scale Mean score Min-max SD Total

QLQ-CR29 Functional scales*

Body image

Anxiety

Weight

Sexual interest (male)

Sexual interest (female)

Symptom scales**

Urinary frequency

Blood and mucus in stool

Stool frequency

Urinary incontinence

Dysuria

Abdominal pain

Buttock pain

Bloating

Dry mouth

Hair loss

Taste

Flatulence

Faecal incontinence

Sore skin

Embarrassment

Stoma care problems

Impotence

Dyspareunia

88.4

76.1

86.2

24.8

10.4

20.7

6

6

12.2

1.2

15.9

11

8.5

0

2.4

1.2

13.4

8.5

3.6

7.3

22

37.2

31.3

56–100

33–100

33–100

0–100

0–33

0–100

0–66

0–100

0–100

0–33

0–100

0–100

0–100

0

0–33

0–33

0–66

0–100

0–66

0–100

0–33

0–100

0–100

15.3

20.5

21.4

34.4

15.7

27.1

14.5

19.6

24.6

6.3

26.6

24.3

21.8

0

8.8

6.3

22.8

23.6

13.9

21.3

19

32.9

34

27

27

27

8

19

27

27

27

27

27

27

27

27

27

27

27

27

27

27

27

3

8

19

*: Scores range from 0 to 100, with a higher score representing a higher level of functioning or better functioning; **: Scores range from 0 to 100, with a higher 
score representing a greater degree of symptoms or less functioning. SD: Standard deviation.
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p=0.012), indicating a progressive worsening of erectile 
dysfunction over time. No variability was present for 
dry mouth, precluding analysis. Overall, these �ndings 
suggest that while most quality-of-life domains remain 
stable over long-term follow-up, male sexual dysfunc-
tion may increase with time a�er RT.

DISCUSSION

In this study, we conducted an analysis of the long-
term QoL in cases of anal SCC treated with IMRT. 
Previous studies investigating EORTC QLQ-C30 in 
long-term anal cancer survivors before IMRT showed 
that Global health status/QoL scores ranged from 60 
to 71, with functional scales exhibiting variability be-
tween 56 and 87. Frequently reported symptoms in 
the symptom scales were fatigue (range, 27–40), in-
somnia (range, 23.5–40), and diarrhea (range, 27–35) 
(Supplementary 1). [11,27–31]

In the IMRT period, the global health status/QoL 
reported by Yerramilli et al.[32] showed a score of 86.5. 
�is contrasts with scores in other series,[10,33–37] 
which ranged from 70 to 77.6, consistent with the 3D-
CRT period. �e present study similarly observed this 
trend, revealing a Global health status/QoL score of 72.2. 
Functional scales in our analysis demonstrated favour-

able outcomes of 85 and above, aligning with Yerramil-
li’s results.[32] Studies mostly reported scales of 80 and 
above for role, emotional, physical and social functions.
[10,33–37] Particularly, cognitive function consistently 
scored higher than other functional scales in various 
reports, ranging from 82.5 to 95.8.[33–35] A similar re-
sult in cognitive function was also evident in the pres-
ent study. While no study has directly compared QoL 
outcomes between IMRT and 3D-CRT, the �ndings of 
the present study appear broadly consistent with and 
comparable to those reported in historical 3D-CRT and 
IMRT series (Supplementary 1). However, the absence of 
baseline QoL assessments and a contemporaneous com-
parison group precludes causal conclusions regarding a 
QoL advantage associated with IMRT. Notably, previous 
longitudinal IMRT studies reported that Global health 
status/QoL and several functional scales returned to-
ward baseline values during follow-up (Supplementary 
2).[10,33] However, QoL signi�cantly worsened in the 
acute period, emphasizing the importance of employing 
the EORTC QLQ-C30 during this phase. In the late peri-
od, focusing on site- or treatment-speci�c questionnaires 
may be more logical; however, several of these scales are 
inevitable extensions of the EORTC QLQ-C30.

Reports indicated that most symptoms in the 
EORTC QLQ-C30 are commonly observed in the gen-
eral population,[33,37] similar to the �ndings reported 

Table 5 The relationship between EORTC QLQ-CR29 and clinical characteristics

Characteristic n Body Image

mean (SD)

score 

(0–100)

Anxiety

mean 

(SD)

score 

(0–100)

Weight

mean 

(SD) score 

(0–100)

Urinary 

frequency*

mean (SD)

score 

(0–100)

Abdominal 

pain*

mean (SD)

score 

(0–100)

Flatulence*

mean (SD)

score 

(0–100)

Urinary

incontinence*

mean (SD)

score (0–100)

Buttock 

pain*

mean (SD)

score 

(0–100)

Gender

Female

Male

19

8

87.6 (15)

90.3 (16)

76.7 (19)

74.6 (23)

85.7 (20)

87.3 (24)

20.8 (30)

20.5 (17)

19.1 (29)

8.2 (15)

13.8 (22)

12.3 (24)

17.4 (27)

0 (0)

13.9 (27)

4.1 (11)

Age

<65

≥65

19

8

85.8 (17)

94.5 (5)

80.3 

(20)**

66.1 (17)

82.2 (23)

95.7 (12)

23.4 (29)

14.3 (18)

12.4 (27)

24.7 (23)

6.9 (17)

28.8 (27)**

10.4 (24)

16.5 (24)

7 (23)

20.6 (24)**

T stage

T1-2

T3-4

9

18

90 (14)

87.6 (16)

81.1 (17)

73.6 (21)

88.8 (17)

85 (23)

14.6 (25)

23.8 (28)

11 (23)

18.3 (28)

11 (23)

14.6 (23)

22.1 (37)

7.3 (14)

11 (23)

11 (25)

N status

N-

N+

13

14

87.2 (17)

89.5 (13)

79.2 (25)

73.2 (14)

89.5 (16)

83.1 (25)

10 (12)

30.7 (33)

7.6 (14)

23.6 (32)

12.6

14.1

10.1 (20)

14.2 (28)

5 (12)

16.5 (31)

Stage

I-II

III

13

14

87.2 (17)

89.5 (13)

79.2 (25)

73.2 (14)

89.5 (16)

83.2 (25)

10 (12)

30.7 (33)

7.6 (14)

23.6 (32)

12.6 (21)

14.1 (26)

10.1 (20)

14.2 (28)

5 (12)

16.5 (31)

*: Higher scores indicate higher levels of symptoms or less functioning; **: Anxiety: Mean difference (95% CI): 21.1 (6.1-31.2), and p=0.049 / Buttock pain: Mean dif-
ference (95% CI): -16.2 (-34.4–7.2), and p=0.037/ Flatulence: Mean difference (95% CI): -21.9 (-40.1–-3.8), and p=0.017. SD: Standard deviation; QoL: Quality of life.
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in some 3D-CRT studies.[28,29] �e two most prevalent 
symptoms in present data, fatigue and insomnia, pose a 
signi�cant challenge. Additionally, the EORTC QLQ-
C30 addresses only two speci�c regional issues, namely 
diarrhea and constipation. Although the present study 
reported lower scores for diarrhea (9.9±24.1) compared 
with both the 3D-CRT and IMRT periods, the issue per-
sists. Other studies have reported scores ranging from 
14.3 to 22.8,[32–34,36,37] with some reporting higher 
scores and others lower,[10,35] highlighting the ongo-
ing challenge of e�ectively managing this side e�ect, 
even with IMRT implementation (Supplementary 1).

�e EORTC QLQ-CR29, though not speci�cally de-
signed for the anal region, encompasses the colorectal 
area and conducts a comprehensive inquiry. Previous 
studies on anal cancer have consistently reported a de-
cline in sexual interest and an increase in sexually related 
symptoms.[27,28,38–40] Benztzen et al.[30] reported 
24% dyspareunia and 67% impotence with 3D-CRT. An-
other analysis also revealed a severe decrease in sexual 
desire in 58% [20 of 33 women (60%) and 3 of 7 men 
(42.8%)], along with severe dyspareunia in 60% (21 of 
35 women) and erection problems in 71% (5 of 7 men) 
with 3D-CRT.[40] Despite the application of IMRT, sig-
ni�cant reports of sexual impairment persisted.[41] Ko-
erber et al.[42] reported a lower incidence of chronic G3 
dyspareunia (32% for IMRT vs. 58% for 3D-CRT) and 
vaginal dryness (41% for IMRT vs. 83% for 3D-CRT) 
with IMRT. In addition, the same authors identi�ed 
these issues as major concerns for women undergoing 
CRT. In the present study, although EORTC QLQ-CR29 
function and symptom scores were deemed acceptable, 
noticeable decreases in sexual interest and an increase in 
sexual symptoms were also observed with IMRT. Sexual 
interest severely decreased in 92.2% [19 of 19 in females 
(100%) and 7 of 8 in males (87.5%)]. While severe dys-
pareunia was observed in 26.3% (5 of 19), impotence was 
less frequent at 25% (2 of 8) compared with the previous 
data. �is emphasizes the ongoing challenge of manag-
ing sexual side e�ects. Yet, it should be noted that im-
potence was evaluated in only 8 patients in our series; 
therefore, the results should be interpreted with caution.

In terms of EORTC QLQ-CR29 scores with IMRT, 
a previous study indicated the highest QoL scores; 
however, they also reported the highest scores for dys-
pareunia (48.5±38.1) and impotence (50±39.8).[32] 
Dyspareunia scores varied between 26.6 and 42, and 
impotence scores were in the range of 39.4 to 52 in oth-
er studies (Supplementary 3).[10,33,34,36,37] Across 
all studies, it was found that males had more sexual 
symptoms than females, but conversely, females had 

higher levels of sexual aversion. Our �ndings revealed 
that both male and female sexual interest was lower 
than reported in the literature. While the dyspareunia 
score (31.3±34) was consistent with ranges reported 
in previous data, impotence (37.2±32.9) was less pro-
nounced, despite higher scores in preliminary data. 
Most patients expressed satisfaction with their bodies.

Contradictory data in various studies suggested 
that sexual scores either returned to the pre-treatment 
baseline or worsened in the 12th month a�er treatment 
(Supplementary 2). [10,33,34,36] When compared with 
the general population, Bentzen et al.[30] reported 
lower levels of dyspareunia (28±34) but higher levels of 
impotence (69±37) in anal SCC cases with 3D-CRT. It 
should be noted that in several series, patient age nega-
tively a�ects sexual desire.[43] It is possible that similar 
symptoms were present before treatment. A prospec-
tive observational survey of non-institutionalized men 
aged 40–70 years found that 52% of men reported erec-
tile dysfunction and erectile dysfunction is observed 
more frequently with increasing age.[44] In addition, 
most reports emphasize the physical aspects of sexual-
ity (dyspareunia, changes in the vagina and decreased 
sexual activity) and may not adequately represent the 
psychological (decreased libido, alterations in body im-
age, anxiety related to sexual performance) and social 
(di�culty maintaining previous sexual roles, emotional 
distancing from partners, perceived change in partner’s 
level of sexual interest) aspects of female cancer sur-
vivors.[45] Although EORTC QLQ-CR29 addresses 
physical aspects and psychological e�ects, including 
decreased libido and alterations in body image, it does 
not inquire about anxiety related to sexual performance. 
�e question about anxiety addresses concerns related 
to the future. Additionally, social aspects are overlooked.

Clinicians, primarily focused on survival, o�en dis-
regard the evaluation of sexual function. Gender di�er-
ences and social norms also contribute to this phenom-
enon. Consequently, patients are typically examined by 
gynecologists and urologists in the late period. Although 
complementary medical strategies in the post-treatment 
phase (e.g., guidance on the use of vaginal dilators and 
lubricants) are recommended, e�cacy has been the sub-
ject of controversial discussion in the literature.[38] 

Nevertheless, a more e�ective approach remains 
elusive at present. Clinicians, therefore, should adopt 
the approach known as pre-rehabilitation, or ‘pre-hab,’ 
as a pre-treatment strategy. While pre-hab research of-
ten centers on nutrition and exercise, it could also in-
volve teaching pelvic �oor exercises, starting moistur-
izer regimens, and recommending lubricant use before 



doi: 10.5505/tjo.2026.4944
236 Turk J Oncol 2026;41(3):228–239

treatment.[46] Psychological evaluation should not be 
overlooked both before and a�er the treatment pro-
cess. Future studies are required to explore the role of 
supportive care (including more intensive approaches 
and/or new agents) during and a�er CRT.

Based on these �ndings and in line with current 
survivorship recommendations, routine screening for 
sexual dysfunction should be integrated into follow-up 
visits, with structured referral pathways (urology, gy-
necology, pelvic �oor physiotherapy, psycho-oncology) 
when indicated. Counseling should cover both physical 
(e.g., dyspareunia, erectile dysfunction) and psychoso-
cial (e.g., libido, body image, partner communication) 
aspects. Furthermore, pre-habilitation should be ex-
panded to include sexual health interventions prior to 
CRT, such as pelvic �oor exercises, moisturizers, and 
lubricants, delivered by a multidisciplinary team.

In the current study, the present authors observed 
that urinary frequency (20.7±27.1) emerged as the most 
prevalent symptom, following impotence and dyspareu-
nia regarding the EORTC QLQ-CR29 symptom scales. 
�is aligns with frequencies reported in other IMRT 
studies, ranging from 14 to 32.7 (Supplementary 3). 
[10,32–34,36,37] In comparison with baseline values, 
it is observed that urinary symptoms mostly improve 
a�er treatment, except for the result reported by Joseph 
et al.[33] (Supplementary 2). Management of urinary 
tract symptoms a�er pelvic RT involves lifestyle modi-
�cations, such as �uid intake adjustments and avoiding 
bladder irritants like ca�eine and alcohol. Pelvic �oor 
muscle training has shown e�cacy in improving symp-
toms, especially when combined with counseling and 
physical therapy. Hyperbaric oxygen therapy is prom-
ising for managing urinary tract symptoms a�er pel-
vic RT, particularly for patients who completed pelvic 
RT more than 6 months prior.[47] Initial management 
strategies include behavioral modi�cations and keep-
ing a 72-hour voiding diary. Anticholinergic and beta-3 
agonist medications are options for managing irritative 
symptoms in female patients post-RT, while third-line 
treatments like a botulinum toxin A, percutaneous tibi-
al nerve stimulation or sacral neuromodulation may be 
considered for those with uninhibited bladder contrac-
tions. In cases of decreased bladder compliance, more 
invasive treatments like catheterization or urinary di-
version may be necessary, with regular upper urinary 
tract monitoring recommended.[48]

On the other hand, the present results indicated 
lower rates of fecal incontinence (8.5±23.6) and �atu-
lence (13.4±22.8) compared with previous data, which 
reported fecal incontinence in the range of 14–29 

and �atulence between 17.2 and 40.2 (Supplementary 
3).[10,31–33,35,36] Severe fecal incontinence, report-
ed by Lefevre et al.[37] at 7%, was also found in the 
present study at the same rate. However, the prevalence 
of �atulence was lower in the present study at 11.1%, 
compared with the reported 25%.

Regarding the RT dose, the median value was 59.4 
Gy in the current series. Notably, some reports sug-
gest an increase in side e�ects with doses exceeding 
>60 Gy.[49,50] �erefore, the adherence of the present 
study to a lower dose may have contributed to the posi-
tive QoL outcomes observed.

When analysing the clinical factors in�uencing 
EORTC QLQ-C30 and QLQ-CR29 in anal SCC, lim-
ited studies are available. Allal et al.[27] reported lower 
physical scale scores in elderly patients without a signif-
icant relationship with the EORTC QLQ-C30 scale and 
clinical factors. Sauter et al.[35] also found favourable 
scores for Global health status/QoL, physical and role 
functioning with EORTC QLQ-C30 in patients under 
70 years old, however, observed no signi�cant relation-
ship with treatment-related factors and functional and 
symptom scales. By contrast, Das et al.[39] identi�ed 
a trend toward lower QoL scores in patients under 51 
years old. In the present analysis of EORTC QLQ-C30, 
individuals <65 years old exhibited improved Global 
health status/QoL. For EORTC QLQ-CR29, cases aged 
≥65 showed a tendency for anxiety. Additionally, hip/
anal pain and �atulence symptoms were statistically 
higher in cases aged ≥65 years again indicating age is 
an important factor for a patient’s well-being. �ese 
age-related di�erences may re�ect a combination of 
treatment-related late e�ects, age-related physiologi-
cal changes, and a greater burden of comorbidities in 
older survivors. Age-associated changes in bowel func-
tion, pelvic �oor function, musculoskeletal symptoms, 
and psychological well-being may produce symptoms 
similar to those associated with pelvic treatment. Be-
cause pretreatment QoL and detailed comorbidity 
data were not available, the relative contributions of 
treatment, aging, and comorbidity could not be deter-
mined. �erefore, these �ndings should be interpreted 
cautiously and regarded as exploratory.

�e present study has several limitations that need 
consideration. Firstly, the inability to compare the pres-
ent patient population with the general population, 
coupled with the small number of cases, are notable 
drawbacks. In addition, the study population consisted 
exclusively of recurrence-free survivors who remained 
available for follow-up and completed the questionnaires. 
�erefore, survivorship and potential nonresponse bias 
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may have contributed to the relatively favourable QoL 
scores observed. Patients who developed recurrence, ex-
perienced greater morbidity, were lost to follow-up, or 
were otherwise unavailable for survey completion were 
not represented, which may limit the generalizability of 
the �ndings to the entire treated population. Due to the 
cross-sectional nature of the study, baseline values at the 
time of diagnosis are unknown. However, it is essential 
to recognize that anal cancer is a rare malignancy, and 
the analysis of long-term QoL with IMRT is inherently 
limited. Given the distinctive nature of the anal region 
and its treatment di�ering from other colorectal cancers, 
a speci�c QoL scale, the EORTC Quality of Life Ques-
tionnaire-Anal Cancer (EORTC QLQ-ANL27), has been 
developed. �is scale comprises 27 questions address-
ing ongoing gastrointestinal symptoms, skin symptoms, 
lifestyle adjustments, stoma concerns, and sexual symp-
toms, following the EORTC QLQ-C30 scale.[51] Nota-
bly, the lack of Turkish validation and reliability analysis 
for this scale and its non-utilization in the present study 
poses additional limitations. �erefore, it should not be 
concluded that the sexual function items in the CR29 are 
direct and sole indicators of anal function.

It is crucial to acknowledge that QoL is a result of 
side e�ects, and QoL questionnaires play a valuable 
role in assessing patients individually, shedding light 
on the symptoms experienced by cases. However, every 
individual’s perception of QoL varies signi�cantly. Ad-
ditionally, functional conditions and symptoms are not 
directly observed in real life. Scales based on individual 
responses given during visits may mask some functional 
losses and symptoms. Recognizing that symptoms can 
develop over time underscores the importance of repeat-
able assessments during visits. A comprehensive analysis 
of the patient’s symptoms at the time of diagnosis is cru-
cial for evaluating long-term outcomes a�er treatment.

CONCLUSION

In conclusion, the long-term QoL outcomes of anal 
SCC survivors treated with IMRT presented a mixed 
pro�le, with relatively high functional scores and per-
sistent challenges in selected symptom domains. Given 
the limited sample size and the multiple QoL domains 
examined, these exploratory �ndings should be inter-
preted as hypothesis-generating rather than con�rma-
tory. Future research should focus on addressing the 
speci�c needs of this patient population, incorporating 
targeted interventions, and developing comprehensive, 
culturally validated assessment tools to enhance the 
understanding and management of long-term e�ects.
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Supplementary 1. Compar(son of mean scores (n stud(es ut(l(z(ng EORTC QLQ-C30 for 3D- 
CRT and IMRT 

3D-CRT IMRT 

QLQ-C30 Allal 

(27) 

(1999) 

n=41 

Jephcot

t (11) 

(2004) 

n=50 

Proven

cher 

(28) 

(2010) 

n=30 

Welzel§ 

(29) 

(2011) 

n=52 

Bentze

n (30) 

(2013) 

n=128 

Knowles† 

(31) 

(2015) 

n=42 

Han# 

(10) 

(201

4) 

n=58 

Joseph# 

(33) 

(2016) 

n=54 

YeramF

llF

(32) 

(2020) 

n=42 

GFlbert
# (34) 

(2020) 

n=57 || 

Sauter†† 

(35) 

(2022) 

n=52 

HosnF# 

(36) 

(2022) 

n=72 

Lefèvre
# (37) 

(2023) 

n=232|| 

BalcF 

Topuz 

(curren

t study) 

n=27 

Global Health 

status / QoL * 

71 

(21) 

66 

(28) 

70 

(25) 

60 

(n/a) 

68 

(25) 

66.7 

(n/a) 

70 

(20) 

72.2 

(18.3) 

86.5 

(16.3) 

72.8 

(19.5) 

77.6 

(13) 

72.7 

(n/a) 

 

71.6 

(21.6) 

72.2 

(22.9) 

Funct=onal scales*

PhysFcal 

 

 

Role 

 

 

EmotFonal 

 

 

CognFtFve 

 

 

SocFal 

 

 

79.5 

(22) 

 

85 

(21) 

 

77 

(25) 

 

76 

(23) 

 

82 

(28) 

 

74 

(29) 

 

76 

(33) 

 

74 

(28) 

 

75 

(24) 

 

73 

(35) 

 

87 

(14) 

 

77 

(26) 

 

77 

(26) 

 

85 

(25) 

 

74 

(34) 

 

70 

(n/a) 

 

60 

(n/a) 

 

56 

(n/a) 

 

75 

(n/a) 

 

60 

(n/a) 

 

77 

(22) 

 

69 

(31) 

 

77 

(25) 

 

77 

(26) 

 

71 

(29) 

 

86.7 

(n/a) 

 

66.7 

(n/a) 

 

66.7 

(n/a) 

 

83.3 

(n/a) 

 

66.7 

(n/a) 

 

88 

(15) 

 

86 

(25) 

 

78 

(21) 

 

79 

(18) 

 

83 

(20) 

 

84.9 

(17.2) 

 

79.4 

(23.1) 

 

77 

(21.9) 

 

82.5 

(23.9) 

 

81.1 

(22.3) 

 

91 

(12.9) 

 

91.7 

(16) 

 

87.3 

(12.1) 

 

90.9 

(12.3) 

 

90.5 

(15.2) 

 

84 

(20.7) 

 

81 

(24.1) 

 

80.3 

(23.1) 

 

84.8 

(20.9) 

 

76.6 

(27.1) 

 

82.3 

(17) 

 

70.5 

(22) 

 

70.5 

(15) 

 

95.8 

(12.5) 

 

83.0 

(11) 

 

85.5 

(n/a) 

 

82.9 

(n/a) 

 

79.2 

(n/a) 

 

82.9 

(n/a) 

 

83.8 

(n/a) 

 

84.8 

(19.3) 

 

80 

(26.7) 

 

81.9 

(18.7) 

 

84.5 

(21.6) 

 

84.8 

(23.6) 

 

84.5 

(22) 

 

86.4 

(25.6) 

 

85.8 

(17.7) 

 

93.8 

(11.5) 

 

88.3 

(21.9) 

Symptom scales** 

FatFgue 

 

 

Nausea/vomFtFng 

 

 

PaFn 

 

 

Dyspnoea 

 

 

InsomnFa  

 

 

AppetFte 

 

 

ConstFpatFon 

 

 

DFarrhea 

 

 

FFnancFal Fmpact 

 

27 

(22) 

 

6 

(15) 

 

15 

(21) 

 

13 

(22) 

 

23.5 

(29) 

 

10 

(19) 

 

15 

(21) 

 

28 

(36) 

 

15 

(28) 

 

36 

(30) 

 

6 

(17) 

 

23 

(31) 

 

23 

(33) 

 

29 

(32) 

 

13 

(22) 

 

24 

(32) 

 

27 

(32) 

 

23 

(37) 

 

 

28 

(29) 

 

1 

(4) 

 

20 

(25) 

 

18 

(26) 

 

26 

(31) 

 

10 

(23) 

 

7 

(19) 

 

28 

(40) 

 

20 

(31) 

 

40 

(n/a) 

 

5 

(n/a) 

 

32 

(n/a) 

 

30 

(n/a) 

 

40 

(n/a) 

 

13 

(n/a) 

 

15 

(n/a) 

 

35 

(n/a) 

 

32 

(n/a) 

 

38 

(28) 

 

6 

(13) 

 

25 

(30) 

 

27 

(33) 

 

35 

(35) 

 

14 

(24) 

 

22 

(28) 

 

27 

(32) 

 

14 

(27) 

 

33.3 

(n/a) 

 

0 

(0) 

 

16.7 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

 

24 

(18) 

 

6 

(16) 

 

19 

(24) 

 

9 

(15) 

 

29 

(27) 

 

11 

(20) 

 

8 

(17) 

 

12 

(21) 

 

19 

(29) 

 

27.2 

(19.6) 

 

7.46 

(15.8) 

 

18.4 

(21.9) 

 

14.0 

(21.4) 

 

33.3 

(30) 

 

9.7 

(23.1) 

 

4.4 

(15.8) 

 

22.8 

(27) 

 

16.7 

(24.2) 

 

15.6 

(16.1) 

 

1.59 

(6.17) 

 

9.13 

(21.5) 

 

8.33 

(19.6) 

 

17.5 

(21.3) 

 

4.17 

(13.5) 

 

7.32 

(14) 

 

14.3 

(19.7) 

 

8.73 

(18.1) 

 

 

26.2 

(22.8) 

 

4.09 

(10.5) 

 

15.5 

(23.7) 

 

14 

(23.3) 

 

25.7 

(30.8) 

 

8.9 

(19.5) 

 

9.9 

(18.8) 

 

18.2 

(22.9) 

 

16.3 

(23.8) 

 

21.1 

(18) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

(n/a) 

(n/a) 

 

18.6 

(30) 

 

38.5 

(19) 

 

(n/a) 

(n/a) 

 

 

26 

(n/a) 

 

5.7 

(n/a) 

 

20 

(n/a) 

 

11.6 

(n/a) 

 

28.1 

(n/a) 

 

10 

(n/a) 

 

10.5 

(n/a) 

 

18.1 

(n/a) 

 

17.1 

(n/a) 

 

 

26.3 

(24.6) 

 

4.0 

(10.4) 

 

19.0 

(24.8) 

 

13.1 

(24.8) 

 

23.4 

(30) 

 

8.5 

(20.8) 

 

11.3 

(21.5) 

 

20.9 

(25.8) 

 

7.8 

(20.8) 

 

18.7 

(18.2) 

 

0.5 

(3) 

 

9.2 

(18.1) 

 

0 

(0) 

 

18.4 

(28) 

 

5 

(12.3) 

 

6.2 

(13.4) 

 

9.9 

(24.1) 

 

11.1 

(20.6) 

 

# Scores for the late phase of the 12th month are provFded. 

§ The approxFmate mean scores were obtaFned from the presented fFgure 1 Fn the study. 

† MedFan scores are provFded. 

†† 38 patFents were treated wFth IMRT, whFle 14 were treated wFth 3D-CRT. 

|| PatFent number for the late phase of the 12th month are provFded. 

* Scores range from 0 to 100, wFth a hFgher score representFng a hFgher level of functFonFng or better functFonFng 

** Scores range from 0 to 100, wFth a hFgher score representFng a greater degree of symptoms or less functFonFng 

The standard devFatFon Fs FndFcated wFthFn parentheses. 

n/a, not avaFlable

 



Supplementary 2. Comparing long-term QoL outcomes u4lizing EORTC QLQ-C30 

and CR29 for anal cancer with IMRT in published studies 

Nu

mb

er 

of 

pat

ien

ts 

Desig

n 

Aim Treatment Scori

ng 

syste

m 

Main result 

Han 

(10) 

(201

4) 

58 Single

-

center

, 

longit

udinal 

cohor

t 

study 

Evalua4on 

of acute 

and long-

term 

toxici4es 

as well as 

QoL at 

baseline, 

aTer 

treatment, 

and during 

follow-up 

Primary tumor: 

Tumors ≤2 cm: 45 Gy in 25 

frac4ons 

Tumors 2.1 to 4 cm: 54 Gy in 30 

frac4ons 

Tumors >4 cm or poorly 

differen4ated: 63 Gy in 35 

frac4ons 

Lymph nodes: 

Nodes >2 cm: 63 Gy in 35 

frac4ons 

Nodes ≤2 cm: 

Ini4al phase: 36 Gy in 20 

frac4ons 

Follow-up phase: 22.5 Gy in 15 

frac4ons 

Sites of excised involved nodes: 

54 Gy in 30 frac4ons 

Node-nega<ve regions: 

T1N0 disease: 27 Gy in 15 

frac4ons 

QLQ

-C30

QLQ

-

CR2

9

QOQ-C30: Global QoL/health status 

was significantly worse at the end of 

treatment but returned to baseline 

levels, remaining stable at 12 months. 

Social func4oning and appe4te scores 

improved significantly at 12 months. 

QOQ-CR29: Skin and defeca4on 

problems worsened significantly at 

the end of treatment but returned to 

baseline levels, remaining stable at 12 

months. Impotence significantly 

worsened from a baseline mean score 

of 30 to 52 at 12 months. 

Dosimetric parameters correlated 

with toxici4es, showing IMRT's 

benefits in reducing toxici4es without 

compromising control. 



All other stages: 36 Gy in 20 

frac4ons 

 

Frac4on size: 1.8 Gy  

 

Chemotherapy: 5-FU/MMC  

Jose

ph 

(33) 

(201

6) 

 

54 Single

-

center

, 

longit

udinal 

cohor

t 

study 

Evalua4on 

of QoL at 

baseline, 

aTer 

treatment, 

and during 

follow-up 

Primary tumor: 

 54 Gy delivered to 95% of the 

volume in 30 fx 

 

Region at risk of disease spread:  

45 Gy delivered to 95% of the 

volume in 30 fx 

 

Frac4on size: 1.8 Gy  

 

Chemotherapy: 5-FU/MMC 

QLQ

-C30  

QLQ

-

CR2

9 

QOQ-C30: Func4onal scales returned 

to baseline or slightly improved at 12 

weeks post-treatment. Symptoms 

worsened ini4ally, including medium 

deteriora4on in diarrhea, which 

persisted for up to 12 months. 

 

QOQ-CR29: Dyspareunia worsened 

and remained elevated throughout 

period. Impotence improved at 12 

weeks post-treatment. Urinary 

frequency and dysuria returned to 

baseline at 12 weeks, but urinary 

incon4nence persisted. 

 

The study supported the rou4ne use 

of IMRT and emphasized the 

importance of evalua4ng sexual, 

urinary, and anorectal func4ons 

before star4ng treatment. 



Yera

milli 

(32) 

(202

0) 

42 Single

-

center

, 

cross-

sec4o

nal 

Evalua4on 

of long-

term QoL, 

pa4ent-

reported 

sexual 

func4on, 

and mood 

T2N0 tumors: 

Elec4ve nodal volumes: 42 Gy 

Primary tumor: 50.4 Gy 

Frac4ona4on: 28 fx 

T3-4, N0-3 tumors: 

Elec4ve nodal volumes: 45 Gy 

Lymph nodes ≤3 cm: 50.4 Gy 

Lymph nodes >3 cm: 54 Gy 

Primary tumor: 54 Gy 

Frac4ona4on: 30 fx 

 

Chemotherapy: 5-FU/MMC, 5-

FU/cispla4n 

QLQ

-C30  

QLQ

-

CR2

9 

QOQ-C30: Overall quality of life scores 

were rela4vely high, with a mean 

global quality of life score of 86.5. 

QOQ-CR29: Both male and female 

pa4ents reported poor sexual interest, 

with mean scores of 54.2 (±30.5) and 

17.9 (±21.2), respec4vely. For the 18 

symptom scales, pa4ents reported 

par4cularly high scores corresponding 

to worse symptoms for impotence 

and dyspareunia. 

 

Pa4ents undergoing pelvic radia4on 

therapy for anal cancer may 

experience changes in sexual func4on, 

but they typically report mild mood 

symptoms and display high QOL 

scores. 

Gilb

ert 

(34) 

(202

0) 

57|

| 

Mul4c

enter, 

longit

udinal 

cohor

t 

study 

Evalua4on 

of QoL at 

baseline, 

aTer 

treatment, 

and one-

year 

follow-up 

T1/2 tumors: 

Median dose 50.4 Gy in 28 fx 

(Range 30-54 Gy in 10-30 fx) 

T3/ 4 tumors: 

Median dose 53.2 Gy in 28 fx 

(Range 40-54 Gy in 15-30 fx) 

 

Chemotherapy: 5-FU/MMC, 

Capecitabine/MMC 

QLQ

-C30  

QLQ

-

CR2

9 

QOQ-C30: At one-year follow-up, 

significant improvements were 

observed in pain, cons4pa4on, 

appe4te loss with moderate 

improvements in emo4onal and role 

func4oning. 

 

QOQ-CR29: Impotence scores 

remained rela4vely poor at one year 

but did not significantly worsen aTer 

treatment. Dyspareunia worsened 

moderately for women aTer 



treatment, with an overall one-year 

mean score indica4ng mild. 

 

At one year, flatulence, impotence, 

libido (for both genders), and health 

anxiety had the most severe symptom 

mean scores, with moderate or small 

improvements observed for health 

anxiety and female libido. 

Saut

er †† 

(35) 

(202

2) 

 

52 Single

-

center

, 

cross-

sec4o

nal 

Evalua4on 

of long-

term QoL 

between 

healthy 

people 

and anal 

cancer 

pa4ents 

Minimum dose: 45 Gy 

Boost for advanced tumors and 

affected lymph nodes: 9–14 Gy 

 

Frac4on size: 1.8 Gy 

 

Chemotherapy: 5-FU/MMC, 

Capecitabine/MMC 

 

QLQ

-C30  

QLQ

-

ANL

27 

QLQ-C30: Anal cancer pa4ents 

showed lower role, emo4onal, and 

social func4oning, but higher 

cogni4ve func4oning and overall 

global health compared to the 

German reference popula4on. 

Cons4pa4on and diarrhea scores were 

higher in anal cancer pa4ents.  

Physical and role func4oning strongly 

impacted global QoL. Fa4gue notably 

impacted QoL nega4vely. 

 

IMRT pa4ents did not differ 

significantly from 3D-CRT pa4ents. 

Hos

ni 

(36) 

(202

2) 

 

72 Single

-

center

, 

longit

udinal 

cohor

Evalua4on 

of QoL at 

baseline, 

aTer 

treatment, 

and during 

follow-up 

Elec<ve targets:  

36 Gy/20 frac4ons, except for 

T1N0 cancer which received 27 

Gy/15 frac4ons. 

 

T1N0 disease:  

45 Gy/27 frac4ons 

QLQ

-C30  

QLQ

-

CR2

9 

QLQ-C30: Clinically and sta4s4cally 

significant improvements above 

baseline were observed in role 

func4oning, emo4onal func4oning, 

appe4te loss, pain, social func4oning, 

nausea/vomi4ng, insomnia, fa4gue, 

and financial problems in long-term. 



t 

study 

All T1N+ or selected T2 any N 

with low/intermediate-grade 

tumor of <4 cm:  

54 Gy/30 frac4ons 

Advanced tumors (T3 and T4) or 

T2 with high-grade and/or ≥4 

cm:  

63 Gy/35 frac4ons. 

 

Chemotherapy: 5-FU/MMC 

Baseline QOL did not significantly 

correlate with long-term QoL, except 

for specific scales like physical 

func4oning, social func4oning, 

cons4pa4on, and financial problems. 

 

QOQ-CR29: Anxiety and 

abdominal/pelvic pain improved 

significantly above baseline. Body 

image, bowel embarrassment, fecal 

incon4nence, and hair loss worsened 

sta4s4cally, but not clinically in long-

term. Impotence worsened both 

sta4s4cally and clinically. 

 

No significant correla4on was found 

between baseline and long-term QoL. 

Lefè

vre 

(37) 

(202

2) 

 

23

2|| 

Mul4c

enter 

longit

udinal 

cohor

t 

study 

Evalua4on 

of QoL at 

baseline, 

aTer 

treatment, 

and one-

year 

follow-up 

Elec<ve targets: 

48 to 51.2 Gy 

 

Tumor and pathological lymph 

nodes: 

60 to 64 Gy 

 

Frac4on size: 2 Gy 

 

Chemotherapy: Induc4on 

chemotherapy, concomitant 

cispla4n, concomitant 5-FU, 

concomitant cispla4n/5-FU, 

concomitant capecitabine 

QLQ

-C30  

QLQ

-

CR2

9 

QLQ-C30: Significant minor score 

improvements were observed in four 

items: Global health status/QoL, 

Emo4onal func4oning, Insomnia, and 

Appe4te. No items showed moderate 

or major changes, and none worsened 

from baseline to one year.  

 

QOQ-CR29: Of the bowel and bladder 

items, two worsened significantly 

from baseline to one year aTer 

treatment. These were fecal 

incon4nence, which experienced a 

minor change, and flatulence, which 



experienced a moderate change. 

Erec4le dysfunc4on also worsened 

slightly by 9.4 points. 

 

Pa4ents had a low bowel symptom 

burden and symptom scores one year 

aTer treatment, and most pa4ents 

with high bowel and bladder 

symptoms before treatment 

experienced improvement one year 

aTer treatment. 

Balci 

Topu

z 

(curr

ent 

stud

y) 

27 Single

-

center

, 

cross-

sec4o

nal 

Evalua4on 

of long-

term QoL 

Sequen<al boost technique:  

45 Gy followed by a 5.4-9 Gy for 

the high-risk CTV, and addi4onal 

5.4-9 Gy boost for the gross 

disease CTV, reaching a total of 

59.4 Gy or 64.8 Gy for stable or 

progressive cases. 

Frac4on size: 1.8 Gy 

 

Simultaneous Integrated Boost 

technique:  

45–54 Gy for single CTV, with a 

range of 54–59.4 Gy for gross 

disease CTV. 

 

Chemotherapy: 5-FU/MMC 

QLQ

-C30  

QLQ

-

CR2

9 

QOQ-C30: Overall QoL scores were 

rela4vely high, with lower scores 

reported for most symptoms, 

par4cularly diarrhea and cons4pa4on. 

 

QOQ-CR29: Sexual interest decreased 

for both genders, with urinary 

frequency [20.7±27.1] being the most 

prevalent symptom, followed by 

impotence [37.2±32.9] and 

dyspareunia [31.3±34]. 

|| Pa4ent number for the late phase of the 12th month are provided. 

†† 38 pa4ents were treated with IMRT, while 14 were treated with 3D-CRT. 

CTV, Clinical target volume; IMRT, Intensity-modulated radia4on therapy; MMC, Mitomycin C; QoL, Quality of life; 

3D-CRT, Three-dimensional conformal radiotherapy; 5-FU, 5-Florourasil. 



Compar(son of mean scores (n stud(es ut(l(z(ng EORTC QLQ-CR29 for Supplementary 3. 

3D-CRT and IMRT 

3D-CRT IMRT 

QLQ-CR29 Provencher 
(28) 

(2010) 
n=30 

Bentzen 
(30) 

(2013) 
n=128 

Han# (10) 
(2014) 
n=58 

Joseph# (33) 
(2016) 
n=54 

Yeram?ll? 

(32) 
(2020) 
n=42 

G?lbert# 
(34) 

(2020) 
n=57|| 

Hosn?# 
(36) 

(2022) 
n=72 

Lefèvre# 
(37) 

(2022) 
n=232|| 

Balc? 
Topuz 

(current 
study) 
n=27 

Funct3onal scales* 

Body Image 

Anx?ety 

We?ght 

Sexual ?nterest (male) 

Sexual ?nterest (female) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

72 
(31) 

62 
(33) 

76 
(31) 

44 
(32) 

23 
(27) 

87 
(17) 

73 
(19) 

(n/a) 
(n/a) 

60 
(29) 

84 
(21) 

81.0 
(22.3) 

71.3 
 (25.4) 

81.5 
 (23.2) 

36.4 
(31.5) 

24.2 
 (23.4) 

78.3 
(29.2) 

75.6 
(26.9) 

74.6 
(27.4) 

54.2 
(30.5) 

17.9 
(21.2) 

76 
(28.9) 

60.7 
(29.2) 

75.5 
(29.4) 

28.8 
(27.7) 

18.9 
(26.6) 

83.7 
(n/a) 

73.8 
(n/a) 

(n/a) 
(n/a) 

62.6 
(n/a) 

81.8 
(n/a) 

80.9 
(26.4) 

67.4 
(28.8) 

81.5 
(27.9) 

48.7 
(27.9) 

16.5 
(24.3) 

88.4 
(15.3) 

76.1 
(20.5) 

86.2 
(21.4) 

24.8 
(34.4) 

10.4 
(15.7) 

Symptom scales** 

Ur?nary frequency 

Blood and mucus ?n stool 

Stool frequency 

Ur?nary ?ncont?nence 

Dysur?a 

Abdom?nal pa?n 

Buttock pa?n 

Bloat?ng 

Dry mouth 

Ha?r loss 

Taste 

Flatulence 

Faecal ?ncont?nence 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 

(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

29 
(28) 

13 
(17) 

19 

(21) 

17 
(26) 

8 
(19) 

14 
(22) 

25 
(32) 

31 
(29) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

(n/a) 
(n/a) 

47 
(32) 

29 
(31) 

14††

(19) 

18§

(13) 

18§

(13) 

14††

(19) 

14††

(19) 

9 
(10) 

9 
(10) 

18 

(23) 

17 
(23) 

12 
(16) 

8 
(17) 

18§

(13) 

26 
(21) 

23.6 
(22.3) 

15.2 
 (17.3) 

18.1 

(17.1) 

14.8 
 (21.7) 

4.6 
 (11.7) 

16.7 
(24.6) 

17.6 
(20.3) 

13.9 
(20.1) 

11.1 
(17.8) 

5.6 
(12.6) 

7.4 
(18.0) 

31.5 
 (22.5) 

19.4 
 (23.1) 

21.8 
(22.2) 

9.76 
(13.9) 

14 

(13.7) 

15.9 
26.8) 

1.59 
(7.18) 

3.17 
(9.90) 

13.5 
(25.6) 

9.52 
(16.9) 

12.7 
(20.8) 

20.6 
(29.4) 

4.76 
(11.8) 

28 
(27.3) 

14 
(18.8) 

32.7 
(22) 

14.6 
(17.9) 

20 

(20.9) 

13.1 
(21.7) 

2.97 
(n/a) 

9.52 
(18.7) 

23.3 
(25.3) 

(n/a) 
(n/a) 

23.2 
(32.9) 

5.3 
(13.8) 

10.1 
(24.5) 

40.2 
(28.3) 

19.3 
(27) 

16††

(n/a) 

17.2§

(n/a) 

17.2§

(n/a) 

16††

(n/a) 

16††

(n/a) 

9.6 
(n/a) 

9.6 
(n/a) 

20.1 
(n/a) 

18.6 
(n/a) 

11.4 
(n/a) 

8.3 
(n/a) 

17.2§

(n/a) 

29 
(n/a) 

20.8 
(23.0) 

17.4 
(19.2) 

16.9 

 (16.3) 

7.6 
(19.5) 

3.5 
(11.9) 

13.4 
(21.2) 

20.4 
(26.5) 

26.9 
(27.8) 

18.3 
(26.3) 

7.5 
 (18.7) 

8.3 
(19.8) 

34.8 
 (27.1) 

18.0 
(23.4) 

20.7 
(27.1) 

6 
(14.5) 

6 

(19.6) 

12.2 
(24.6) 

1.2 
(6.3) 

15.9 
(26.6) 

11 
(24.3) 

8.5 
(21.8) 

0.0 
(0.0) 

2.4 
(8.8) 

1.2 
(6.3) 

13.4 
(22.8) 

8.5 
(23.6) 



Sore sk?n 
 

 
Embarrassment 
 
 
Stoma care problems 
 
 
Impotence 

 
 
Dyspareun?a 

(n/a) 
(n/a) 

 
(n/a) 
(n/a) 

 
(n/a) 
(n/a) 

 
(n/a) 

(n/a) 
 

(n/a) 
(n/a) 

 

(n/a) 
(n/a) 

 
(n/a) 
(n/a) 

 
(n/a) 
(n/a) 

 
69 

(37) 
 

28 
(34) 

22 
(22) 

 
13 

(24) 
 

(n/a) 
(n/a) 

 
52 

(43) 
 

42 
(34) 

20.4  
(21.5) 

 
15.7  

(23.2) 
 

0.0 
 (0.0) 

 
39.4  

(46.7) 
 

37.8 
 (27.8) 

20.4 
(23.8) 

 
17.8 

(25.9) 
 

8.33 
(16.7) 

 
50 

(39.8) 
 

48.5 
(38.1) 

22.7 
(30.3) 

 
25.2 

(31.9) 
 

(n/a) 
(n/a) 

 
46.7 

(39.4) 
 

29.5 
(38) 

20.5 
(n/a) 

 
17.9 
(n/a) 

 
33.3 
(n/a) 

 
49.5 

(n/a) 
 

30 
(n/a) 

23.8  
(24.6) 

 
11.8  

(23.1) 
 

0.0 
( 0.0) 

 
47.6  

(39.1) 
 

26.6 
 (34.8) 

3.6 
(13.9) 

 
7.3 

(21.3) 
 

22 
(19) 

 
37.2 

(32.9) 
 

31.3 
(34) 

# Scores for the late phase of the 12th month are prov?ded. 
§ Def?ned as defecat?on problems 
††  Def?ned as m?ctur?t?on problems 

|| Pat?ent number for the late phase of the 12th month are prov?ded. 
* Scores range from 0 to 100, w?th a h?gher score represent?ng a h?gher level of funct?on?ng or better funct?on?ng 
** Scores range from 0 to 100, w?th a h?gher score represent?ng a greater degree of symptoms or less funct?on?ng 
The standard dev?at?on ?s ?nd?cated w?th?n parentheses. 
n/a, not ava?lable 
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INTRODUCTION

Obesity-associated malignancies are increasingly rec-
ognized as disorders of dysregulated systemic signaling 
rather than purely cell-autonomous genetic disease. 
�e adipose tissue compartment is now understood 
as an active endocrine and immune organ capable of 
shaping tumor initiation, progression, immune escape, 
and treatment response.[1–3] It should be noted that 

adipokines are secreted not only by mature adipocytes 
but also by stromal cells, macrophages, and �broblasts. 
�eir biological e�ects extend from energy balance 
and insulin sensitivity to angiogenesis, extracellular 
matrix (ECM) remodeling, endocrine cross-talk, and 
immune-cell metabolism.[4,5] In obesity, adipose tis-
sue hypertrophy, hypoxia, in�ammation, and �brosis 
shi� the secretory pro�le toward higher concentrations 
of pro-in�ammatory and proliferative mediators and 

Turk J Oncol 2026;41(3):240–247

doi: 10.5505/tjo.2026.4949

SUMMARY

�e increasing coexistence of obesity, insulin resistance, and malignancy has intensi�ed interest in ad-

ipokines as mechanistic links between metabolic disease and tumor progression. �is review summa-

rizes tumor-speci�c evidence in breast, colorectal, endometrial, ovarian, and hepatocellular cancers and 

discusses the biomarker and therapeutic value of circulating adipokines, receptor antagonists, pathway 

modulators, and metabolism-informed combination strategies. To date, adipokines are bioactive medi-

ators released by adipocytes, stromal cells, and immune cells within adipose depots and tumor-adjacent 

fat. Rather than acting as isolated biomarkers, they form a dynamic signaling network that regulates 

proliferation, apoptosis resistance, angiogenesis, epithelial-mesenchymal transition, cancer stem-like 

behavior, and immune remodeling. Leptin, resistin, visfatin, and chemerin are predominantly associ-

ated with pro-tumorigenic e�ects, whereas adiponectin and omentin are more o�en linked to anti-in-

�ammatory and anti-proliferative actions. Emerging adipokines such as apelin, vaspin, irisin, and RBP4 

(Retinol-binding protein 4) display context-dependent behavior that varies with tumor type, receptor 

expression, and metabolic state. Mechanistically, adipokines converge on JAK(Janus kinase)/STAT, PI3K 

(Phosphoinositide 3-kinase)/Akt/mTOR (Mechanistic target of rapamycin), MAPK/ERK (Mitogen-ac-

tivated protein kinase / Extracellular signal-regulated kinase), AMPK (AMP-activated protein kinase), 

NF-kB, and insulin/IGF-1 pathways, thereby in�uencing both tumor cells and the surrounding micro-

environment. �e data suggest that precision oncology could be improved by integrating adipokine biol-

ogy into patient strati�cation strategies, especially for metabolically dysregulated populations in whom 

tumor behavior and treatment response are shaped by the endocrine and immune state of adipose tissue.

Keywords: Adipokines; adiponectin; biomarkers; metabolic signaling; leptin; obesity-related cancer; precision on-

cology; therapeutic targeting; tumor microenvironment.
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lower concentrations of protective molecules. Tumors 
developing in or near adipose-rich sites are thereby ex-
posed to a complex microenvironment that can favor 
aggressive behavior. Precision oncology has tradition-
ally focused on tumor genomics, targetable mutations, 
and histopathology. Two patients with the same tumor 
subtype may experience di�erent disease trajectories 
because obesity, insulin resistance, body composi-
tion, and adipokine imbalance alter cancer cell signal-
ing and the tumor microenvironment (TME).[6,7] It 
means that treatment response is also shaped by host 
metabolic context, and therefore, the adipokine biology 
o�ers an important framework for integrating tumor-
intrinsic and host-derived determinants of outcome.

�e available literature combines clinical, epide-
miological, and mechanistic evidence and supports a 
consistent conceptual �nding: Adipokines are neither 
passive obesity markers nor uniform actors. Instead, 
they function within a dynamic metabolic-immune sig-
naling network whose consequences depend on recep-
tor expression, tissue speci�city, tumor stage, sex, and 
coexisting metabolic abnormalities.[7,8] �is article 
retains that framework and extends its implications for 
translational practice. A useful conceptual distinction is 
to group adipokines as predominantly pro-tumorigenic, 
predominantly anti-tumorigenic, or context dependent. 
Leptin, resistin, visfatin, and many chemerin-associated 
signaling contexts �t the �rst category; adiponectin and 
omentin more o�en occupy the second; and apelin, 
vaspin, irisin, and RBP4 belong to the third because 
their biological behavior can vary considerably across 
tissues and disease states.[9–12] �is classi�cation is 
heuristic rather than absolute, but it remains helpful for 
organizing translational reasoning.

Another central concept is that adipokines operate 
across scales. �ey act systemically through endocrine 
circulation, locally by paracrine signaling, and within 
the tumor niche through reciprocal communication 
between cancer cells, adipocytes, endothelial cells, and 
immune cells.[2,13] Because of this multilevel action, 
adipokines can in�uence both cancer risk and treat-
ment response.

METHODS

Relevant literature was considered across three major 
evidence domains: Experimental studies describing 
adipokine-mediated signaling pathways, clinical and 
epidemiological studies evaluating adipokines as can-
cer-related biomarkers, and translational reports dis-
cussing adipokine-targeted or metabolism-informed 

therapeutic strategies. Particular attention was given 
to adipokines with repeated relevance in cancer biol-
ogy, including leptin, adiponectin, resistin, visfatin, 
chemerin, omentin, apelin, vaspin, irisin, and retinol-
binding protein 4 (RBP4). Tumor types were selected 
based on their established association with obesity, 
adipose tissue dysfunction, or metabolic dysregulation. 
�ese included breast, colorectal, endometrial, ovar-
ian, and hepatocellular cancers. �e analysis aimed to 
identify recurring mechanistic patterns, areas of con-
sistency, sources of con�icting evidence, and clinically 
relevant knowledge gaps. �e �nal synthesis was used 
to propose a precision-oncology framework in which 
adipokine pro�les, metabolic phenotype, receptor ex-
pression, and TME features may support improved pa-
tient strati�cation and treatment personalization.

PRO-TUMORIGENIC ADIPOKINES

Leptin is the prototypical adipokine linking excess adi-
posity to tumor-promoting biology. Originally char-
acterized as a regulator of body weight and energy 
balance, leptin also signals through OB-R (Leptin re-
ceptor) and cytokine-like receptor mechanisms that 
can activate JAK/STAT3 (Signal transducer and acti-
vator of transcription 3), PI3K/Akt, and MAPK/ERK 
pathways.[14–16] �ese pathways stimulate cyclin ex-
pression, enhance cell-cycle progression, inhibit apop-
tosis, promote endothelial activation, and reinforce 
migratory and epithelial-mesenchymal phenotypes.
[17–19] Leptin also interacts with estrogen receptor, 
EGFR (Epidermal growth factor receptor), IGF-1 (In-
sulin-like growth factor 1), reproductive, and immune 
signaling, generating ampli�cation loops that may be 
particularly relevant in breast and gynecological ma-
lignancies.[20–24] Resistin and visfatin strengthen the 
in�ammatory-metabolic component of tumor progres-
sion. Resistin has been associated with in�ammatory 
signaling, angiogenesis, and VEGF (Vascular endothe-
lial growth factor ) -related processes, while visfatin 
supports proliferative and survival signaling through 
PI3K/Akt, MAPK/ERK, and STAT3/NF-kB pathways.
[6,7] �ese mediators exemplify how adipokines can 
connect insulin resistance, chronic in�ammation, and 
oncogenic transcriptional programs. �ey are espe-
cially relevant in metabolically in�amed phenotypes 
where tumor cells and stromal cells are continuously 
exposed to pro-survival cytokine-like signals. Chemer-
in remains more complex. It can promote or restrain 
tumor progression depending on receptor usage, cellu-
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lar context, and tumor type.[25–27] �is duality illus-
trates an important principle for precision oncology: 
Adipokines should not be interpreted only by average 
e�ect direction. �eir clinical meaning may depend 
on receptor expression patterns, local immune com-
position, and concurrent metabolic signals. Context 
dependence does not diminish translational value; it 
makes biomarker-guided strati�cation more necessary.

ANTI-TUMORIGENIC AND PROTECTIVE 
ADIPOKINES

Adiponectin is the best-characterized protective adipo-
kine. Its actions include activation of AMPK, inhibition 
of PI3K/Akt/mTOR, suppression of NF-kB signaling, 
promotion of apoptosis, and reduction of angiogenic 
drive.[8,28] �ese e�ects align with a less proliferative, 
less in�ammatory, and more metabolically stable cellu-
lar state. In obesity, circulating adiponectin is typically 
reduced, suggesting that cancer-promoting conditions 
may arise not only from excess pro-tumor signals but 
also from loss of endogenous protective regulation. Adi-
ponectin biology also has translational relevance at the 
receptor level. AdipoR1 (Adiponectin receptor 1), Adi-
poR2 (Adiponectin receptor 2), and T-cadherin help 
determine tissue-speci�c signaling output, and reduced 
receptor expression or receptor dysfunction in tumors 
may blunt the anti-proliferative in�uence of adiponec-
tin even when circulating levels are measurable.[28] 
�is means that future biomarker strategies may need to 
integrate ligand concentrations with receptor pro�ling 
rather than focusing on serum values alone. Omentin 
appears to share several anti-in�ammatory and insulin-
sensitizing characteristics, although the evidence base 
remains smaller and less consistent than for adiponec-
tin. Vascular and metabolic studies indicate that omen-
tin can oppose in�ammation and vascular dysfunction, 
supporting its potential relevance in the broader obesi-
ty-cancer interface.[29–31] From a translational view-
point, adiponectin and omentin represent a therapeutic 
logic: Restore or mimic protective adipokine signaling 
to counterbalance obesity-associated tumor promotion.

SIGNALING PATHWAYS AND NETWORK 
CONVERGENCE

Pathway convergence is one of the strongest mechanis-
tic themes in adipokine research. JAK/STAT3, PI3K/
Akt/mTOR, MAPK/ERK, NF-kB, AMPK, and insulin/
IGF-1 signaling are the major molecular hubs through 

which metabolism communicates with growth and 
survival.[6,32] Leptin prominently activates JAK/
STAT3 and PI3K/Akt; resistin and visfatin reinforce 
NF-kB and MAPK-associated in�ammatory prolifera-
tion; and adiponectin counterbalances through AMPK 
activation and downstream suppression of mTOR and 
in�ammatory transcription. �is convergence matters 
because adipokines can modify response to therapies 
that target the same pathways. For example, PI3K/
Akt/mTOR inhibitors may behave di�erently in tu-
mors embedded in leptin-rich or insulin-resistant 
environments.[33] Likewise, anti-angiogenic strate-
gies might be in�uenced by adipokine-driven VEGF 
and endothelial signaling.[17] Experimental evidence 
also suggests that leptin-associated mitochondrial and 
survival signaling may contribute to drug resistance 
in selected malignancies.[34] Precision medicine that 
ignores host endocrine context may therefore under-
estimate one source of variability in response and re-
sistance. �e network perspective also helps resolve 
apparently contradictory �ndings. A single adipokine 
may not act identically across all settings because 
pathway dominance changes with receptor density, 
co-stimulating cytokines, oxygen tension, hormonal 
milieu, and metabolic state. Apparent inconsistency in 
observational studies may therefore re�ect biological 
heterogeneity rather than simple noise.

TUMOR MICROENVIRONMENT (TME), 
CANCER-ASSOCIATED ADIPOCYTES (CAAS), 
AND IMMUNE REMODELING

Tumor progression in adipose-rich organs is heavily 
shaped by stromal ecology. Cancer-associated adipo-
cytes (CAAs) are described as smaller, lipid-depleted, 
and secretory-active cells with elevated output of adi-
pokines, cytokines, and ECM components.[35] �ese 
cells support tumor invasion by increasing matrix re-
modeling, lipid transfer, in�ammatory signaling, and 
angiogenic potential. �eir presence reinforces the 
idea that adipose tissue adjacent to tumors becomes 
functionally reprogrammed rather than merely dis-
placed. Experimental and translational studies further 
show that adipocytes can support tumorigenesis, me-
tastasis, radioresistance, and early mammary tumor 
progression through local matrix and metabolic ef-
fects.[13,36,37] �ese data link adipokine molecular 
signaling to tissue-level behavior that can be observed 
in clinical settings and directed toward experimental 
goals. Adipokines also regulate immune-cell metabo-
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lism and composition within the TME. �ey can at-
tract immunosuppressive myeloid populations, favor 
M2-like macrophage polarization, and impair e�ective 
cytotoxic T-cell activity, while leptin and adiponec-
tin in�uence T-cell di�erentiation and metabolic �t-
ness.[4,23,38] For precision oncology, this means that 
the biological behavior of obesity-associated cancers 
cannot be inferred from tumor genomics alone. �e 
adipose compartment is therefore both a biomarker 
source and a therapeutic target.

TUMOR-SPECIFIC EVIDENCE

Breast cancer remains the most thoroughly studied 
model of adipokine-tumor interaction. Leptin can 
promote growth, invasion, angiogenesis, and epithe-
lial-mesenchymal transition (EMT) in both hormone 
receptor-positive and triple-negative settings, whereas 
adiponectin is generally associated with lower risk or 
more favorable metabolic signaling.[18,39,40] Because 
mammary tissue is embedded in adipose tissue, adipo-
kine e�ects are likely to be especially relevant in local 
microenvironmental signaling and endocrine cross-
talk. Clinical cohort data have also examined circulat-
ing leptin, adiponectin, and resistin in relation to long-
term breast cancer prognosis, underscoring the need 
to interpret biomarkers within patient phenotype and 
treatment context.[41] Colorectal cancer provides a 
second important model. Elevated leptin and lower ad-
iponectin have been associated with colorectal adeno-
ma and carcinoma risk in multiple analyses, although 
the strength of association can change a�er adjustment 
for body mass index (BMI) and metabolic covariates.
[42,43] �is heterogeneity is informative rather than 
merely contradictory: Adipokines likely participate in 
early neoplastic and in�ammatory transitions, but their 
net predictive value depends on broader host context. 
Endometrial, ovarian, and hepatocellular cancers fur-
ther illustrate the breadth of adipokine relevance. En-
dometrial cancer is strongly linked to obesity, altered 
estrogen metabolism, insulin signaling, and adipose 
in�ammation.[44–47] Ovarian tumors interact closely 
with omental adipose tissue and CAAs.[48] Hepatocel-
lular carcinoma o�en emerges in the setting of NAFLD 
(Non-alcoholic fatty liver disease), insulin resistance, 
�brosis, and adipokine dysregulation.[49,50] Repro-
ductive-endocrine literature further supports the view 
that adipokines link metabolic cues to hormonal and 
gonadal pathways relevant to gynecologic cancer biol-
ogy.[21,51,52] Together, these examples support the 

view that adipokines are particularly consequential in 
cancers embedded in metabolically altered organ eco-
systems. Recent regional studies also emphasize that 
biochemical breast-cancer markers and lymph-node 
morphology can support recurrence and metastasis 
prediction, which is consistent with the need to com-
bine circulating biomarkers, tissue features, and meta-
bolic context in precision oncology.[53,54]

BIOMARKERS, CLINICAL HETEROGENEITY, 
AND THE OBESITY PARADOX

Circulating adipokines have been studied as diagnos-
tic, prognostic, and predictive biomarkers. Repeated 
interest has focused on leptin, adiponectin, resistin, 
visfatin, chemerin, and especially the leptin-to-adi-
ponectin ratio, because these markers are biologically 
plausible and relatively accessible.[6,7,55] A blood-
based marker that re�ects tumor-promoting metabolic 
context would be valuable for both risk strati�cation 
and treatment planning. Clinical translation remains 
limited by heterogeneity, and this problem should be 
treated as a design challenge rather than a reason to 
abandon the �eld. Assay di�erences, population char-
acteristics, timing of measurement, tumor stage, sex, 
comorbid diabetes, medication use, and body compo-
sition all in�uence results. Two individuals with the 
same BMI may di�er markedly in visceral fat, ectopic 
fat, muscle mass, NAFLD status, and in�ammatory 
burden.[50] �erefore, future models should combine 
serum adipokines with imaging-based body composi-
tion, metabolic phenotyping, and tissue-level recep-
tor data. Another challenge is that serum adipokines 
are systemic markers whereas many decisive interac-
tions occur locally within the TME. High circulating 
leptin may indicate generalized adipose dysfunction, 
but local receptor density or paracrine signaling at 
the tumor-fat interface may better predict biological 
e�ect. �is transition from systemic measurement to 
local interpretation is essential for aligning adipokine 
research with precision-oncology standards. Without 
multidimensional approaches, clinically promising 
adipokines may continue to appear inconsistent sim-
ply because they are being measured too narrowly. �e 
so-called obesity paradox does not necessarily invali-
date adipokine biology. Rather, it indicates that cancer 
outcomes are shaped by body composition, treatment 
type, immune contexture, metabolic reserve, and pos-
sibly treatment tolerance. Leptin, for example, may be 
pro-tumorigenic in some settings while correlating 
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with better immunotherapy outcomes in others. �e 
translational lesson is clear: Biomarker interpretation 
must be context speci�c and integrated with clini-
cal phenotype. Because metabolic and in�ammatory 
signals extend beyond classical adipokines, comple-
mentary markers such as homocysteine metabolism, 
MTHFR polymorphism, and oxidative DNA damage 
may help de�ne high-risk or therapy-sensitive pheno-
types in selected cancer contexts.[56–58]

THERAPEUTIC AND PRECISION-ONCOLOGY 
IMPLICATIONS

Several therapeutic strategies have translational prom-
ise. One is direct interference with pro-tumor adipo-
kine signaling, such as leptin receptor antagonists, 
neutralizing antibodies, or small-molecule pathway in-
hibitors. Another is restoration of protective signaling 
through adiponectin receptor agonists, AMPK-activat-
ing agents, or metabolic interventions that improve in-
sulin sensitivity.[8,28] A third is reprogramming CAAs 
to reduce in�ammatory output and lipid transfer. �ese 
strategies re�ect complementary ways of disrupting 
the metabolic support system of tumors. Combination 
treatment is likely to be the most realistic path for-
ward. Adipokine-targeted interventions may sensitize 
tumors to endocrine therapy, chemotherapy, targeted 
agents, or immunotherapy rather than replacing exist-
ing modalities. Precision oncology could use adipokine 
pro�les, receptor expression, pathway activation, and 
metabolic phenotype to identify patients most likely to 
bene�t from such combinations.[7,59] �is would be 
especially relevant in obesity-associated malignancies 
or tumors arising in adipose-rich microenvironments.

Lifestyle and metabolic interventions should also be 
viewed as translational therapies, not merely support-
ive care. Weight loss, physical activity, improvement of 
insulin sensitivity, and correction of NAFLD-related 
metabolic dysfunction can alter adipokine balance and 
may thereby modify tumor biology.[3,50] Integrating 
these measures into oncology care could strengthen 
outcomes, particularly for patients whose disease is 
strongly shaped by host metabolic state. A practical 
translational roadmap follows from this evidence. �e 
�rst step is phenotyping: Patients should be character-
ized not only by tumor subtype but also by body com-
position, visceral adiposity, insulin resistance, NAFLD 
status, and baseline in�ammatory-metabolic pro�le. 
�e second step is biomarker layering, where circulat-
ing adipokines and selected receptor or pathway mark-

ers are interpreted alongside this phenotype. �e third 
step is intervention matching: Some patients may be 
candidates for lifestyle-based metabolic correction, 
some for adipokine-informed combination therapy, 
and others for exploratory pathway-directed trials. �e 
fourth step is longitudinal monitoring, because adipo-
kine biology is dynamic and may change with treat-
ment, weight loss, sarcopenia, or disease progression. 
�is roadmap is especially relevant for health systems 
facing parallel increases in obesity, type 2 diabetes, and 
cancer burden. Multidisciplinary management linking 
oncology, endocrinology, nutrition, rehabilitation, and 
laboratory medicine could help operationalize adipo-
kine-informed care. Several research priorities follow 
directly from this approach: Prospective studies should 
evaluate whether adipokine panels improve prediction 
of recurrence, treatment toxicity, or survival when add-
ed to standard clinicopathologic models; biomarker 
studies should distinguish total adipokine abundance 
from biologically active isoforms; tissue-based inves-
tigations should clarify receptor patterns in tumors 
adjacent to adipose depots; and interventional trials 
should test whether metabolic optimization changes 
adipokine pro�les in ways that translate into measur-
able oncologic bene�t. Future studies should prioritize 
standardized biomarker measurement, longitudinal 
designs, receptor-aware interpretation, and trials that 
test adipokine-informed intervention strategies. Such 
work could move the �eld from associative evidence 
toward metabolically informed personalized oncology. 
�is broader biomarker-layering approach is particu-
larly relevant for metabolically dysregulated patients, 
because oxidative stress, folate-cycle variation, and 
immune-metabolic imbalance may interact with adi-
pokine signaling when tumors develop in in�amma-
tory host environments.[56,57]

CONCLUSION

Adipokines form a mechanistic bridge between meta-
bolic disorders and tumor progression. �eir actions 
extend across angiogenesis, proliferation, apoptosis 
resistance, extracellular matrix remodeling, immune 
modulation, and therapeutic response. �e central mes-
sage is that adipokines are actionable components of 
host-tumor communication and should be incorporat-
ed into translational models of cancer biology. Tumor 
genomics remains indispensable, but metabolic phe-
notype, adipose tissue quality, and adipokine signaling 
add a second layer of clinically relevant information. 
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INTRODUCTION

According to global cancer data, it has been found that 
approximately one in �ve men or women is diagnosed 
with cancer, and one in nine men and one in twelve 
women die from cancer.[1] Cancer, along with cardio-
vascular causes, is one of the leading causes of prema-
ture death worldwide.[2] Cancer is a global health issue 
that causes mortality and morbidity and, as such, can 

have a profound impact on patients and their families. 
A cancer diagnosis can lead to psychological distress in 
patients, including anxiety, fear of the future, and de-
pression.[3–5] �e challenging process of chemother-
apy and radiation therapy following a cancer diagnosis 
can also reduce patients’ quality of life and exacerbate 
psychological problems associated with the disease. In 
addition, anxiety about the possibility of the disease 
recurring a�er treatment is completed is one of the 
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SUMMARY

Cancer is a leading cause of premature death worldwide. A cancer diagnosis can cause psychological 
distress in patients, such as anxiety, fear of the future, and depression. Given the increasing life expec-
tancy and home con�nement periods for oncology patients, communication between family members 
and physicians is clearly critical. �is study aims to gather information on the importance of commu-
nication between the families of oncology patients and oncology physicians, the causes of problems in 
this area, and their solutions. A multifactorial approach is appropriate when addressing communication 
problems between physicians and patient relatives. Communication improvement programs should be 
widespread, and physician participation in these programs should be increased. Physicians should be 
open to communication and patient in answering questions from patient relatives. �ey should remem-
ber that the most important expectation of patient relatives from physicians is trust and information. 
Family members should be educated to have realistic expectations regarding the process. �ey should 
be warned to be cautious about information of unknown origin obtained from the internet and media 
outlets. It is crucial for family members to share their doubts regarding the accuracy of this information 
with the treating physician, and for the physician to address these concerns with patience. In addition to 
factors related to the physician and the patient’s family member, restructuring the healthcare system to 
better accommodate the needs of the patient’s family member is also a key factor to consider in resolving 
communication issues between the physician and the patient’s family member.
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causes of psychological disorders observed in oncology 
patients.[4] Open communication between the patient 
and the treating oncologist is crucial throughout all 
stages of the patient’s journey following a cancer diag-
nosis; in fact, studies have shown that e�ective com-
munication between the patient and the physician can 
have a positive impact on the patient’s health outcomes.
[6–8] Although it is clear how important patient-phy-
sician communication is in the disease management 
process, relatives of oncology patients may request that 
the treating physician not share the patient’s oncologi-
cal diagnosis and treatment plan with the patient.[9,10] 
�is situation, which oncology physicians frequently 
encounter in Turkey, makes managing the process 
quite challenging from the physician’s perspective and, 
at the same time, renders communication between the 
physician and the patient’s family members far more 
critical. Unfortunately, there are very few studies in the 
literature that examine communication between pa-
tients’ relatives and physicians, compared to those that 
investigate patient-physician communication. �e aim 
of our study is to compile information regarding the 
importance of communication between the relatives of 
oncology patients and oncology physicians, as well as 
the causes of and solutions to the problems in this area.

COMMUNICATION PROBLEMS BETWEEN 
ONCOLOGY PATIENTS’ FAMILIES AND 
ONCOLOGY PHYSICIANS 

The Importance of Communication with The 
Physician and Its Contribution to the Treatment 
Process
 It is well known how important a healthy and trust-
worthy patient-physician relationship is during the 
patient’s treatment process.[11] It has been observed 
that studies examining communication between pa-
tients’ relatives and physicians are signi�cantly fewer 
in number compared to those examining the patient-
physician relationship. A review aimed to identify the 
psychosocial needs of breast cancer patients and their 
relatives.[12] �e study found that relatives wanted to 
be informed about the prognosis and the course of the 
disease; however, they were unable to obtain su�cient 
information on these topics. A study highlighted the 
importance of the patient-physician relationship and 
supported this claim by providing examples of cases 
in which family members could in�uence patient-phy-
sician communication in either a negative or positive 
direction.[13] �e study concluded that establishing 
healthy communication among the physician, the pa-

tient, and the patient’s family plays a vital role in select-
ing the appropriate treatment for the patient and ensur-
ing its proper implementation. In the meta-synthesis 
conducted by Hoeck et al.,[14] it was emphasized that 
a cancer diagnosis not only a�ects the patient but also 
has a negative impact on the patient’s family members, 
and that cancer is a family disease. It has been demon-
strated that the psychosocial interactions established by 
patients and their families have a signi�cant impact on 
the patient’s acceptance of their diagnosis, their ability 
to adapt to the process, and their psychological well-
being. A review has found that, as the duration of home 
care for cancer patients increases, the supportive roles 
played by their relatives are becoming increasingly 
important.[15] In a Finnish study conducted by Eriks-
son et al.,[16] researchers investigated what relatives of 
cancer patients thought about the actions of healthcare 
professionals in providing information and emotional 
support. A survey was conducted among the relatives 
of patients in 168 cancer wards across Finland. It was 
found that informing relatives about the patient’s can-
cer diagnosis is critically important; however, unfor-
tunately, fewer than one-third of the relatives received 
su�cient information about the patient’s diagnosis. It 
has been noted that physicians should communicate 
more frequently with patients’ relatives regarding the 
patient’s cancer diagnosis. In a Norwegian study con-
ducted by Ekstedt et al.,[17] it was stated that the rela-
tives of cancer patients are the patient’s most important 
source of social and emotional support. Furthermore, 
it has been noted that as diagnostic and treatment op-
tions improve and, consequently, cancer-related sur-
vival rates increase the responsibility of family mem-
bers to support the patient in every way grows; and 
that when family members receive support, this has a 
positive impact on the patient’s well being. In the study, 
a 24 member multidisciplinary team consisting of so-
cial workers, doctors, and nurses held a group discus-
sion on the topics under consideration, a�er which 
the discussion was subjected to hermeneutic analysis. 
According to the analysis, it was concluded that the 
healthcare system needs to be revised to focus more on 
patients’ families and provide them with greater sup-
port. A Brazilian study aimed to examine the perspec-
tives of nurses working in a palliative cancer care unit 
regarding family involvement in the palliative cancer 
care process.[18] �e results of this study, conducted 
through interviews with 17 nurses, emphasized the im-
portance of adapting and integrating family members 
into the process, and it was determined that this would 
improve the patient’s quality of life and comfort.
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The Causes of Communication Problems with 
Physicians
In a systematic review conducted by Ilıc et al.,[19] 
the information needs of relatives of pediatric cancer 
patients and the factors that facilitate or hinder the 
ful�llment of these needs were examined. �e study 
revealed that patients’ relatives sought di�erent infor-
mation throughout the entire process from diagno-
sis and treatment to follow up and rehabilitation and 
that patients’ siblings tended to ask di�erent questions 
than their parents. It was observed that patients’ sib-
lings were more likely to ask questions regarding the 
cause of the disease and their own risk of developing 
it. �e study found that the most important factor de-
termining whether patients’ relatives receive adequate 
information is the competence of the healthcare pro-
fessional. Among these competencies, the ability to 
communicate e�ectively with patients’ relatives, en-
courage them to ask questions, provide accurate and 
clear explanations, and demonstrate patience, sen-
sitivity, honesty, and empathy stood out as particu-
larly signi�cant factors. It has been found that when a 
healthcare professional explains the relevant situation 
in an understandable way without using medical jar-
gon, it is important for the patient’s family members 
to receive the information they need. Healthcare pro-
fessionals should be aware that patients’ families may 
request di�erent types of information; they should en-
courage patients’ families to ask questions freely and 
create a calm and peaceful environment in which this 
communication can take place. An Iranian study based 
on interviews with 14 patients and 11 physicians ad-
dressed issues in patient-physician communication.
[20] �e study categorized communication problems 
into �ve main categories: Misperceptions regarding the 
physician’s identity, the physician’s unprofessional atti-
tude, the physician’s sense of superiority, the patient’s 
cultural di�erences, and the lack of patient-supportive 
units within the healthcare system. It has been noted 
that the media plays a role in creating a misperception 
of the physician’s identity and in leading patients to de-
velop irrational expectations. A doctor’s failure to take 
the patient’s question seriously, lack of empathy, and 
failure to use nonverbal communication are among the 
factors listed under the heading of unprofessional con-
duct. Failing to give the patient’s complaints su�cient 
attention stands out as the most signi�cant factor listed 
under the heading of the doctor viewing themselves as 
superior. It has been suggested that the patient’s cul-
tural di�erences play a role in leading them to develop 
unrealistic expectations regarding the diagnosis and 

treatment process. �e large number of patients; the 
resulting inability to devote su�cient time to each pa-
tient; and the lack of an environment conducive to ef-
fective communication have been identi�ed as factors 
contributing to problems in patient-physician com-
munication. It has been established that communica-
tion problems within the healthcare system cannot be 
resolved simply by training healthcare professionals in 
communication; rather, it is necessary to educate pa-
tients’ families on this matter as well and to structure 
healthcare systems in a way that supports them. Çetin 
et al.,[21] evaluated the results of a survey adminis-
tered to the relatives of 168 cancer patients undergoing 
treatment in radiation oncology. Patients were asked 
questions under the headings of empathy, information, 
and trust. It has been observed that an increase in the 
time a physician spends with a patient and their fam-
ily member has a signi�cant impact on all three areas: 
Trust, information sharing, and empathy. Additionally, 
it has been found that an increase in the family mem-
ber’s educational level positively in�uences communi-
cation between the family member and the physician.

Today, most patients and their families use the in-
ternet and media outlets to learn about health issues.
[22–24] A Korean study examining the impact of in-
ternet use on the patient-physician relationship from 
the perspective of physicians found that while internet 
use can increase patients’ and their families’ knowl-
edge about health issues, it can also negatively a�ect 
patient-physician communication.[22] Patients and 
their families may form incorrect conclusions about 
the illness based on information they �nd online and 
may become unnecessarily anxious. Doctors have em-
phasized their concern that all of these factors could 
hinder e�ective doctor-patient communication. In a 
study conducted by Iverson et al.,[23] while concerns 
were raised that internet use could disrupt the patient-
physician relationship, the authors emphasized its po-
tential to improve patient adherence to treatment. A 
review examined the impact of internet use on the pa-
tient-physician relationship.[24] �e study found that 
internet use can have both positive and negative e�ects 
on the patient-physician relationship. �e information 
obtained can help patients adhere to their treatment 
regimen; however, inaccurate information from un-
veri�ed sources can undermine a patient’s trust in their 
physician and harm the patient-physician relationship. 
It has been noted that the quality of online informa-
tion sources is crucial for fostering a positive patient-
physician relationship. Programs broadcast on media 
outlets also have the potential to in�uence communi-
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cation between physicians, patients, and their relatives.
[20,25] In a study conducted by Dönmez et al.,[25] the 
communication challenges faced by physicians in their 
interactions with patients, patients’ relatives, and other 
healthcare workers were evaluated through two TV 
series aired in Turkey that focus on �ctional scenarios 
experienced by hospital sta�. It is noteworthy that the 
physicians playing the lead roles in these series are also 
portrayed as characters with social communication dif-
�culties who struggle to communicate e�ectively with 
patients and their relatives. It has been observed that in 
TV series, this communication gap is overcome thanks 
to the professional competence of the doctors. �e por-
trayal in these series carries the risk of further exac-
erbating communication problems between doctors, 
patients, and their families. While professional success 
is crucial in a physician’s medical career, it cannot be 
viewed as a substitute for addressing communication 
gaps. In today’s world, where social media and media 
outlets signi�cantly in�uence communication between 
physicians, patients, and their families, it is essential for 
physicians to be knowledgeable and sensitive in this re-
gard in order to foster healthy communication. 

Suggestions for Resolving Communication 
Problems 
A study evaluated the e�ectiveness of communication 
enhancement programs administered to healthcare 
professionals working in oncology.[26] A total of 21 
studies were reviewed, and in most of these studies, 
the programs were administered to experienced clini-
cians. Of the 21 studies evaluated, 19 found that these 
programs were e�ective in improving communication 
and building trust. In a randomized study conducted 
by Delvaux et al.,[27] the impact of workshop programs 
administered to physicians on their communication 
with patients and their families was investigated. In the 
study, physicians participated in six workshops, each 
lasting three hours. �e analysis revealed that these 
training programs had a positive impact on communi-
cation between physicians and their patients and their 
families. In a randomized controlled trial conducted by 
Fujimori et al.,[28] the e�ectiveness of communication 
skills training programs for oncologists was evaluated. 
Of the 30 oncologists who agreed to participate in the 
study, 15 were enrolled in the program. �e results of 
the study showed that communication enhancement 
programs have a positive impact on patient-oncologist 
communication in the areas of emotional support, in-
formation-sharing skills, and creating a supportive en-
vironment. Additionally, the self-con�dence scores of 

physicians who participated in the program were found 
to be higher than those of physicians who did not par-
ticipate. It has been recommended that oncologists take 
advantage of these programs to improve their commu-
nication skills. Today, various training programs includ-
ing those involving patient participation or simulation-
based approaches are being implemented in medical 
schools to strengthen communication between physi-
cians and patients and their families.[29,30] When the 
studies are evaluated, it is noteworthy that many of the 
training programs are applied to experienced clinicians. 
It is clear that communication improvement programs 
bene�t physicians regardless of their experience level. 
It should not be forgotten that communication is a skill 
that can be improved through training.

In today’s world, where the survival rates and dura-
tion of home care for cancer patients are increasing, it 
is clear that communication between patients’ relatives 
and physicians is of critical importance. In our coun-
try, the fact that many patients’ relatives request that 
the cancer diagnosis not be shared with the patient is 
another factor that underscores this importance. Com-
munication problems between a physician and a pa-
tient’s family member may stem from the physician, but 
they can also be caused by the family member’s level of 
education and unrealistic expectations, as well as me-
dia and online content, or the healthcare system itself. 
From this perspective, it is appropriate to view commu-
nication issues between physicians and patients’ rela-
tives as multifactorial. Communication training pro-
grams should be expanded, and physician participation 
in these programs should be increased. Physicians 
should be open to communication, patient-centered, 
patient-centered, and patient-centered, and should be 
patient when responding to questions from patients’ 
families, recognizing that di�erent family members 
may have di�erent questions. In this era, when the 
internet is used as a source of information by a very 
large segment of society, healthcare providers should 
be prepared to address questions from patients’ fami-
lies regarding information they have obtained online. 
It is important to remember that the most important 
expectations patients’ families have of their doctors are 
trust and knowledge. Patients’ families should be edu-
cated to have realistic expectations regarding the treat-
ment process. �ey should be warned to be cautious 
about information of unknown origin that they may 
come across on the internet and in the media. It is very 
important for family members to share their concerns 
about the accuracy of this information with the treat-
ing physician and for the physician to address these 
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concerns with patience; knowing that they can ask the 
physician any questions that come to mind is a factor 
that strengthens communication. In addition to factors 
related to the physician and the patient’s family mem-
ber, structuring the healthcare system and hospital 
conditions to be more patient-family-centered is also a 
key consideration in addressing communication issues 
between physicians and patients’ family members.

CONCLUSION

With the increasing survival rates and home con�ne-
ment periods for oncology patients, it is clear that com-
munication between patient relatives and physicians is 
crucial. Communication problems between physicians 
and patient relatives need to be addressed from a multi-
factorial perspective. In addition to training programs 
for physicians, awareness programs for patient relatives 
and improvements in the healthcare system can be ef-
fective in resolving these communication issues.
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INTRODUCTION

Glioblastoma multifome (GBM) is the most common 
and most lethal primary brain tumor in adults. It has a 
highly aggressive course with a 5-year survival rate of 
5–7%.[1,2] �e disease, which is most commonly seen 
in the brain, can also be observed in the brain stem, 
cerebellum and spinal cord more rarely. �e median 
age of onset is 64 years.[3] GBM can occur without a 
known precursor lesion (primary) or with the trans-
formation of a low-grade tumor over time (secondary). 
Primary GBM is much more common than second-

ary GBM. Primary GBM, which has a worse progno-
sis, tends to occur at older ages than secondary GBM.
[3–5] �ere are di�erent genetic alterations that can be 
seen in GBM patients: Epidermal growth factor recep-
tor (EGFR) overexpression, PTEN mutation and loss 
of chromosome 10 are especially typical for primary 
GBM, whereas isocitrate dehydrogenase-1 (IDH1) 
mutation, TP53 mutation and loss of 19q are seen es-
pecially in secondary GBM.[5,6] Especially the identi-
�cation of IDH1 mutation status stands out as a reliable 
marker in the molecular di�erentiation of primary-
secondary GBM. �e standard treatment in GBM with 
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SUMMARY

Glioblastoma multifome (GBM) is the most common and most lethal primary brain tumor in adults. 

�e standard treatment for GBM with good performance is maximal surgical resection followed by 

adjuvant chemoradiotherapy and adjuvant temozolomide therapy. In addition to this treatment, alter-

nating electric �elds or tumor treating �elds (TTFields) are also recommended at category 1 level in the 

NCCN guidelines. In this review, the mechanism of action of alternating electric �elds therapy in GBM, 

its e�cacy in GBM and expected side e�ects will be discussed. TTFields is a treatment modality that acts 

on dividing cells by generating therapeutic levels of electric �elds. Causing DNA damage and inhibiting 

DNA repair, activating apoptosis, autophagy and immunogenic death pathways, causing destruction 

of the cytoskeleton network, causing the formation of pores in the membrane and causing cellular de-

struction by disrupting cellular ion balance are the e�ects of alternating electric �eld therapy on cells. 

TTFields, which has also been tested in tumors such as lung cancer, pancreatic cancer and malignant 

mesothelioma, has proven to be a survival-enhancing treatment in primary and recurrent GBM patients. 

�e risk of serious toxicity was found to be very low and the most common side e�ects were mild and 

moderate dermatologic toxicities. Having proven its e�cacy and safety in GBM patients, TTFields is 

likely to bene�t many more patients if cost issues can be overcome.

Keywords: GBM; toxicity; tumor treating �elds. 
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good performance is adjuvant chemoradiotherapy and 
adjuvant temozolomide treatment a�er maximal surgi-
cal resection.[5,7,8] �e agent of choice in chemora-
diotherapy is temozolomide, as in adjuvant treatment. 
In addition to this treatment, alternating electric �elds 
or tumor treating �elds (TTFields) are also recom-
mended at category 1 level in the NCCN guideline.[9] 
TTFields is a treatment modality that acts on dividing 
cells by generating electric �elds at therapeutic levels.
[10,11] Although alternating electric �elds therapy is 
recommended at category 1 level by the NCCN for the 
treatment of GBM, many oncology physicians have 
questions about the e�cacy of this treatment and may 
have di�culties in accessing this costly treatment. In 
this review, the mechanism of action of alternating 
electric �elds therapy in GBM, its e�cacy in GBM and 
expected side e�ects will be discussed.

TUMOR TREATING FIELDS THERAPY 
FOR GLIOBLASTOMA MULTIFORME: 
EFFECTIVENESS AND SAFETY

�e e�ect of electric �eld on living cells was demon-
strated for the �rst time in 1922 with a study showing 
the migration of bacteria in an electric �eld.[12] Alter-
nating electric �eld can be used in medicine for nerve-
muscle stimulation, acceleration of wound healing and 
treatment of various muscle and joint diseases.[13,14] 
Causing DNA damage and inhibiting DNA repair, ac-
tivating apoptosis, autophagy and immunogenic death 
pathways, causing destruction of the cytoskeleton net-
work, causing the formation of pores in the membrane 
and causing cellular destruction by disrupting cellular 
ion balance are the e�ects of alternating electric �eld 
treatment on cells; mitotic arrest and cell death occur 
in cells with the help of these mechanisms.[10,11] Gi-
ladi et al.[15] showed that TTFields inhibited the re-
pair of radiotherapy-induced DNA damage in glioma 
cells. In the study conducted by Kirson et al.,[16] it was 
shown that alternating electric �eld application had an 
inhibitory e�ect on the growth of human and rat tumor 
cell groups. Analyses have shown that the cytotoxic ef-
fect of the electric �eld on dividing cells is maximum 
in the range of 150–200 kHz.[17] �e treatment was 
found to have this e�ect on selectively dividing cells. 
�ese �ndings suggest that electric �eld therapy may 
also have a therapeutic role in malignant tumors. In 
GBM patients, TTFields is administered via a noninva-
sive and portable device that transmits alternating elec-
tric current to the brain via arrays placed on the scalp.

In the pilot study conducted by Kirson et al.[18] 
200 kHz TTFields were applied to recurrent GBM 
patients. In a study of 10 patients, the median time to 
progression was 26 weeks and median overall survival 
was 62 weeks. �ese durations were reported to be ap-
proximately 2 times the reported durations for this pa-
tient group. �e only instrument-related side e�ect was 
mild contact dermatitis and no serious side e�ects were 
observed. �e study concluded that TTFields therapy 
is an e�ective and safe treatment modality for human 
cancers. In a pilot study by Salzberg et al.,[19] 100–200 
kHz TTFields was applied to patients with locally ad-
vanced and/or metastatic solid tumors. �e study in-
cluded 6 patients who underwent multiple-line treat-
ment. In 1 patient, partial response was observed, and 
in 3 patients tumor growth stopped during treatment. 
Disease progression was observed in 1 of the remaining 
2 patients, and in the other patient with mesothelioma, 
regression was observed in the lesion near TTFields, 
while progression was observed in the lesion in the dis-
tant region. No serious treatment-related toxicity was 
detected. It was emphasized that TTFields is a safe and 
e�ective treatment modality that deserves further re-
search. TTFields has also been tested in tumors such as 
lung cancer, pancreatic cancer and malignant mesothe-
lioma and has been shown to be an e�ective and safe 
treatment modality.[20–23] In another study by Kirson 
et al.,[24] TTFields was administered in combination 
with temozolomide in newly diagnosed GBM patients. 
At the end of the study, progression-free survival was 
155 weeks and overall survival was +39 months. TT-
Fields treatment did not cause systemic toxicity and 
did not increase temozolomide-related side e�ects. It 
was concluded that TTFields added to chemotherapy 
increased chemotherapy sensitivity without increasing 
treatment-related toxicity. In a phase 3 study by Stupp 
et al.,[25] 200 kHz TTFields were compared with che-
motherapy in patients with recurrent GBM. Although 
there was no signi�cant di�erence between the groups 
in terms of overall survival, TTFields was found to be 
superior in terms of toxicity and quality of life. In a 
randomized study by Stupp et al.,[26,27] GBM patients 
were divided into temozolomide or temozolomide + 
TTFields arms a�er chemoradiotherapy. TTFields was 
applied at 200 kHz. As a result of the analysis, progres-
sion-free survival and overall survival were signi�cant-
ly higher in the TTFields group in both preliminary 
and �nal analysis. In a subgroup analysis of the EF-14 
study, increased adherence to TTFields treatment was 
found to be an independent prognostic factor that in-
creased survival in GBM.[28] In a secondary analysis 
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of the EF-14 study, it was found that there was no de-
crease in quality of life in the group that added TT-
Fields to temozolomide compared to the other group, 
but the side e�ect of skin itching was observed more in 
the group that received TTFields.[29] Fallah et al.[30] 
investigated the e�cacy of bevacizumab + TTFields 
treatment in recurrent GBMs in a phase 2 study. In the 
study of 23 patients, median progression-free survival 
was 4.1 months and overall survival was 10.5 months. 
Grade 3–4 side e�ects thought to be treatment-related 
were observed in 2 patients. It was concluded that TT-
Fields treatment is a safe and e�ective treatment. In a 
subgroup analysis study on Korean patients included 
in the EF-14 study, median overall survival and 1 and 
2-year survival rates were signi�cantly higher in the 
group that received TTFields treatment.[31] No serious 
toxicity was detected and skin irritation was observed 
in 30% of patients. �e results demonstrate once again 
that TTFields is a safe and e�ective treatment.

Studies have shown that TTFields is a treatment 
approach with a low risk of serious toxicity. �e most 
common treatment-related side e�ect is dermatologic 
toxicities.[26–33] Allergic dermatitis, irritant derma-
titis, ulcers and mechanical lesions are side e�ects 
that can occur as dermatologic toxicity. Although 
topical corticosteroids may be su�cient in the man-
agement of dermatologic toxicities, topical-oral anti-
biotics may also be used in appropriate patients. Scalp 
cleansing, appropriate shaving and relocation of the 
instrument are recommended measures to reduce the 
risk of toxicity.[33]

TTFields is a very expensive treatment and its uti-
lization rate can vary signi�cantly from country to 
country due to the cost it brings to the healthcare sys-
tem.[34] While the SEOM-GEINO and ASCO-SNO 
guidelines state that TTFields can be considered in 
newly diagnosed GBMs, it is recommended at catego-
ry 1 level in the NCCN guideline.[9,35,36] Although 
there is no clear recommended treatment scheme 
for recurrent GBM, TTFields is one of the treatment 
options that can be preferred by current guidelines. 
TTFields, which has proven its e�cacy and safety in 
GBM patients, is likely to bene�t many more patients 
if cost issues are overcome.

CONCLUSION

TTFields is a treatment modality that has proven its 
e�cacy and safety in newly diagnosed and recurrent 
GBM with its antimitotic and apoptotic e�ects.
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INTRODUCTION

�e old language of ‘expanded criteria’ no longer de-
scribes where transplant oncology actually stands. It 

suggests that progress comes mainly from relaxing 
limits that were once regarded as �xed. In reality, the 
�eld has advanced by becoming more selective, not 
less. Size and number still matter, but they now sit 
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SUMMARY

Liver transplant oncology has moved beyond the blunt expansion of size-based criteria. �e central 
question now is whether tumour behaviour during treatment can identify the uncommon patient whose 
disease remains transplantable. �is review examines hepatocellular carcinoma, perihilar and intrahe-
patic cholangiocarcinoma, and colorectal liver metastases, with emphasis on the evidence and policy 
shi�s most relevant to current practice. In hepatocellular carcinoma, downstaging is best understood as 
a biological stress test rather than a technical bridge, and alpha-fetoprotein trend, radiological response, 
and time under observation now re�ne morphology-based thresholds. In perihilar cholangiocarcinoma, 
the lesson is di�erent but equally clear: Transplantation succeeds when diagnosis, neoadjuvant therapy, 
staging, and operative discipline are delivered as a protocol. In intrahepatic cholangiocarcinoma, trans-
plantation has become credible in very early cirrhotic tumours and in exceptionally selected liver-limited 
disease with durable treatment response, although the evidence remains centre-speci�c. Colorectal liver 
metastases mark the sharpest frontier, where comparative data have made transplantation intellectually 
defensible but not routine. Across these indications, the common denominator is biological selection, 
transparent reporting of the denominator, and careful stewardship of a scarce gra�. �e �eld will ad-
vance less by indiscriminately broadening criteria than by more precisely de�ning which cancers, in 
which biological states, genuinely justify transplantation.
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beside alpha-fetoprotein, radiological response, in-
terval observation, molecular pro�le and the broader 
tempo of disease.[1–6]

It is useful to separate mature indications from 
emerging ones. Hepatocellular carcinoma remains the 
benchmark indication and the reference point against 
which all newer oncological indications are judged. 
Perihilar cholangiocarcinoma has moved into the cat-
egory of an established but protocol-dependent indica-
tion. Intrahepatic cholangiocarcinoma and colorectal 
liver metastases sit further forward on the curve: Both 
are now clinically real, neither can be dismissed as 
experimental in the old sense, but both still demand 
tighter selection and more transparent reporting than 
hepatocellular carcinoma (Table 1).[5–23]

Policy has started to re�ect this change. In the 
United States, the 2025 guidance that brought hepato-
cellular carcinoma, intrahepatic cholangiocarcinoma 
and colorectal liver metastases together under adult 
transplant-oncology review did more than tidy up 
administration. It acknowledged that transplant on-
cology can no longer be governed by hepatocellular 
carcinoma rules alone. �e practical question is no 
longer whether liver transplantation can cure selected 
hepatic malignancy. It plainly can. �e harder ques-
tion is which tumours justify a scarce gra�, under 
what evidential threshold, and with what obligation 
to report denominator data as carefully as headline 
survival.[5,6,10,16,17,23]

SEARCH STRATEGY AND SCOPE

�is narrative review was designed to answer a practi-
cal transplant question: What now makes a liver cancer 
biologically transplantable? PubMed/MEDLINE, con-
temporary consensus statements, and current alloca-
tion guidance were reviewed, with an emphasis on pro-
spective series, multicentre cohorts, policy documents, 
and higher-quality reviews that directly inform listing 
practice. �e aim was not exhaustive historical cover-
age, but a clinically useful synthesis of the evidence 
most likely to change selection decisions today.

HEPATOCELLULAR CARCINOMA: THE 
BENCHMARK FOR BIOLOGICAL SELECTION

Hepatocellular carcinoma remains the model through 
which the �eld learned to think about curative trans-
plantation in cirrhosis. Milan criteria remain foun-
dational, not because they capture tumour biology 
perfectly, but because they created a reproducible 
oncological threshold.[1] UCSF criteria showed that 
modest expansion beyond Milan could preserve ac-
ceptable post-transplant outcomes,[2] while later 
models such as Metroticket 2.0 and the alpha-fetopro-
tein model made it clear that morphology alone was 
too blunt an instrument.[3,4] �e 2024 ILTS-ILCA 
consensus captures the contemporary position well: 
Size and number still matter, but they should now be 

Table 1 Current position of liver transplantation across the major transplant-oncology indications

Disease Current position Selection essentials Representative clinical message

Hepatocellular 

carcinoma

Mature and 

established 

indication

Milan/T2 disease or protocol-based down-

staging; alpha-fetoprotein trend; radiological 

response; interval observation; no extrahe-

patic spread or macrovascular invasion

Successful downstaging can yield 5-year 

post-transplant survival in the mid-70% 

range, but recurrence rises when tumour 

burden extends well beyond standard limits.

Perihilar 

cholangiocarcinoma

Established, 

but only in 

protocol-driven 

programmes

Unresectable hilar disease; approved neoad-

juvant chemoradiation pathway; operative 

staging; no transperitoneal biopsy; strict 

exclusion of metastatic spread

In expert centres, 5-year survival of around 

65%- 82% is achievable. Results deteriorate 

sharply when the protocol is diluted.

Intrahepatic 

cholangiocarcinoma

Emerging and 

deliberately 

constrained

Very early cirrhotic tumours or exceptionally 

selected liver-limited unresectable disease 

with durable response; prolonged stability on 

therapy; no extrahepatic disease

Very early disease can achieve 5-year 

survival around 65%-73%; selected locally 

advanced disease has shown promising 

5-year survival, but evidence remains 

limited and centre-specific.

Colorectal liver 

metastases

Emerging 

indication in 

highly selected 

patients

Liver-only disease; resected primary; sus-

tained response to first-line chemotherapy; 

favourable molecular profile; low carcinoem-

bryonic antigen; adequate interval from diag-

nosis; no progression or extrahepatic spread

SECA-II and TransMet show survival that 

is difficult to match with non-transplant 

therapy alone, but recurrence is common, 

and selection must remain ruthless.

T2, OPTN stage T2 hepatocellular carcinoma.
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interpreted alongside alpha-fetoprotein, treatment re-
sponse and time under observation.[5]

In practice, downstaging is best understood as a bi-
ological stress test rather than a technical manoeuvre. 
Locoregional therapy does not simply shrink tumours; 
it reveals which tumours continue to behave in a trans-
plantable manner when exposed to treatment and time. 
Long-term UCSF data, the prospective MERITS-LT 
experience and subsequent multicentre series all point 
in the same direction. When entry criteria, response 
thresholds, and observation intervals are met, success-
ful downstaging can achieve post-transplant survival 
close to that observed in patients who began treatment 
according to conventional criteria.[24–28]

�e same literature also clari�es the limits of expan-
sion. Xu et al.[27] reported in a 2025 national multi-
centre prospective cohort that successful downstag-
ing reached 82% within UNOS downstaging criteria 
but only 66% in all-comers beyond those limits. Once 
transplantation occurred, post-transplant survival was 
similar, but recurrence and intention-to-treat survival 
worsened as pre-treatment burden moved further be-
yond standard boundaries. Downstaging can therefore 
extend access responsibly, but only up to a point.[25–28]

Several practical conclusions follow. Alpha-feto-
protein trend is more informative than a single value. 
Waiting time is not merely an administrative burden; it 
is an opportunity to reveal aggressive biology. Choice 
of locoregional therapy matters, but the larger point 
is that response history matters more than the device 
used. Programmes that treat downstaging as a techni-
cal gateway rather than a biological �lter risk selecting 
the very tumours most likely to recur.[24–28]

�e next pressure point concerns systemic therapy, 
particularly immune checkpoint inhibition. Mod-
ern hepatocellular carcinoma management increas-
ingly involves programmed death-1 or programmed 
death-ligand 1 blockade before referral, which means 
transplant teams now encounter candidates previously 
exposed to agents capable of provoking allogra� rejec-
tion. �e available evidence remains heterogeneous 
and retrospective. Some patients have proceeded safely 
to transplantation a�er washout, but acute rejection 
and gra� loss are well documented, and no universally 
accepted safe interval can yet be defended.[5,29]

PERIHILAR CHOLANGIOCARCINOMA: 
SUCCESS DEPENDS ON THE WHOLE 
PROTOCOL

Perihilar cholangiocarcinoma is the clearest example of 
transplantation succeeding because an entire protocol 

works, not because a single operation does. Historic re-
sults were poor when patients were taken directly to 
transplantation without rigorous diagnosis, neoadju-
vant therapy, operative staging or exclusion of occult 
spread. �e Mayo experience changed that narrative. 
Heimbach et al.[7] �rst reported excellent survival in 
unresectable perihilar cholangiocarcinoma managed 
with neoadjuvant chemoradiation followed by trans-
plantation. Rea et al.[8] then showed that protocol-
based transplantation could outperform resection in 
selected patients, with 5-year survival around 82%. In 
the multicentre United States series reported by Murad 
et al.,[9] 5-year recurrence-free survival reached 65%, 
despite dropout during neoadjuvant treatment.

�ese data explain why perihilar cholangiocarci-
noma should now be regarded as an established indi-
cation in expert centres. �ey also explain why casual 
enthusiasm is dangerous. Good results depend on the 
whole pathway: Accurate diagnosis, careful biliary 
management, disciplined neoadjuvant therapy, opera-
tive staging and strict exclusion of metastatic disease. 
Put bluntly, the protocol is part of the treatment.[7–12]

Current policy captures that reality. Under OPTN 
policy, standardised exception access for perihilar 
cholangiocarcinoma depends on management under 
an approved written protocol incorporating neoadju-
vant therapy and operative staging. Diagnostic support 
may come from a malignant-appearing hilar stricture 
together with positive cytology or biopsy, a CA19-9 
concentration above 100 U/mL in the absence of chol-
angitis, aneuploidy, or a hilar mass smaller than 3 cm. 
Transperitoneal biopsy should be avoided because of 
the recognised risk of tumour seeding.[10]

What matters in practice is not merely that trans-
plantation works for perihilar cholangiocarcinoma, but 
why it works. �e ideal candidate is not discovered on 
the day of transplantation; the ideal candidate is shaped 
by months of disease control, protocol adherence and 
repeated failure of the tumour to declare systemic be-
haviour. Centres that bypass one or more of these steps 
tend to recreate the disappointing results of the pre-
protocol era.[7–12]

INTRAHEPATIC CHOLANGIOCARCINOMA: 
CREDIBLE, BUT STILL DELIBERATELY 
CONSTRAINED

If perihilar cholangiocarcinoma is now established, 
intrahepatic cholangiocarcinoma remains the �eld’s 
most interesting unsettled indication. �e older lit-
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erature was di�cult to interpret because it mixed 
tiny incidental tumours found in explants with large, 
biologically aggressive cancers transplanted without 
a coherent selection strategy. �at mixture obscured 
the fact that intrahepatic cholangiocarcinoma is not 
one transplant population.[11,12]

Two routes to transplantation have now emerged. 
�e �rst concerns very early intrahepatic cholangio-
carcinoma in cirrhotic patients, usually solitary le-
sions no larger than 2 cm. In this setting, Sapisochin et 
al.[30,31] showed that survival could be substantially 
better than the historical literature suggested, with 
5-year survival ranging from 65% to 73%. �ose stud-
ies mattered not because they proved that all intrahe-
patic cholangiocarcinoma should be transplanted, but 
because they showed how profoundly tumour burden 
and host context shape outcome.

�e second route is more provocative and more 
clinically relevant: Liver-limited, unresectable intra-
hepatic cholangiocarcinoma with durable control on 
therapy. In the prospective series reported by Lunsford 
et al.[32] and subsequently updated by McMillan et 
al.,[33] selected patients treated with neoadjuvant sys-
temic therapy and then transplanted achieved encour-
aging medium-term and 5-year survival. Early TESLA 
data now support the same principle, namely that bio-
logical stability over time is central and that transplan-
tation only becomes credible once the tumour has al-
ready behaved well.[34]

Policy has moved, but carefully. Current OPTN 
guidance allows consideration of biopsy-proven, un-
resectable, solitary intrahepatic cholangiocarcinoma 
or mixed hepatocellular-cholangiocarcinoma no larger 
than 3 cm in cirrhotic patients, provided there has been 
locoregional or systemic treatment, at least 6 months 
of radiological stability, and no extrahepatic disease.[6] 
�at conservatism is appropriate. It acknowledges that 
intrahepatic cholangiocarcinoma has earned a place 
in transplant oncology while also recognising that the 
evidence base remains small, centre-speci�c and vul-
nerable to selection bias.[33–35]

�e practical conclusion is straightforward. In-
trahepatic cholangiocarcinoma should no longer be 
dismissed as a blanket contraindication. Equally, it 
should not be normalised too quickly. At present, the 
strongest indications are very early cirrhotic intrahe-
patic cholangiocarcinoma and exceptionally selected 
liver-limited disease with durable response to therapy. 
Outside those circumstances, the burden of proof re-
mains high.[30–35]

COLORECTAL LIVER METASTASES: THE 
METASTATIC FRONTIER

No development in contemporary liver transplantation 
has generated more interest, scepticism and ethical 
scrutiny than transplantation for colorectal liver me-
tastases. For years the idea seemed closed: Recurrence 
appeared inevitable and the use of a deceased-donor 
gra� for metastatic colorectal cancer di�cult to justify. 
�e Oslo group reopened the question by showing that 
inevitability of recurrence did not necessarily translate 
into futility of treatment.[13–15]

Hagness et al.[13] �rst reported 5-year overall sur-
vival of about 60% a�er transplantation for carefully se-
lected non-resectable colorectal liver metastases. SECA-
II tightened selection further and raised 5-year survival 
to 83%, with disease-free survival still modest but with a 
recurrence pattern that was o�en slow-growing, pulmo-
nary and potentially amenable to local therapy.[15] �is 
was an important conceptual shi�. It suggested that the 
meaningful end point in colorectal liver metastases may 
not be recurrence-free survival alone, but prolonged 
overall survival with salvageable relapse.[13–16]

TransMet moved the �eld a step further by providing 
comparative evidence rather than single-centre opti-
mism. In patients with permanently unresectable, liver-
only colorectal liver metastases responding to chemo-
therapy, transplantation plus chemotherapy produced 
5-year overall survival of 73%, compared with 9% for 
chemotherapy alone.[17] For transplant oncology, that 
trial matters enormously. It does not make colorectal 
liver metastases a routine indication, but it does make 
the old re�ex dismissal intellectually untenable.[16,17]

�e current challenge is ruthless selection. Contem-
porary United States guidance expects histologically 
proven colon or rectal adenocarcinoma, liver-only dis-
ease, a resected primary with negative margins, at least 
12 months from diagnosis of liver metastases, response 
to �rst-line systemic therapy, no lesion larger than 10 cm 
before treatment, carcinoembryonic antigen no higher 
than 80 ng/mL, no extrahepatic disease on cross-section-
al imaging and positron emission tomography, micro-
satellite-stable disease, and BRAF wild-type biology.[6] 
�ese are not bureaucratic hurdles. �ey are an attempt 
to translate outcome data into fair national practice.

�e logic becomes clearer when the Oslo studies are 
read alongside the IHPBA consensus. High carcino-
embryonic antigen levels, large lesions, progression on 
chemotherapy, a short interval from primary tumour 
treatment to transplantation, and unfavourable biol-
ogy all indicate that the disease will outrun the gra�.
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[15,16,18,19] Colorectal liver metastases are not an in-
dication to be rescued by surgical bravado. It is an in-
dication in which the operation makes sense only once 
the biology has already behaved well.

Living donor liver transplantation has become cen-
tral in this space. Recent North American experience, 
including the Rochester programme, shows that highly 
structured living-donor pathways can provide trans-
plantation to selected patients with colorectal liver me-
tastases without directly competing for scarce deceased-
donor gra�s.[18,20,21] �at does not abolish the ethical 
question; it changes its shape. �e discussion is no lon-
ger only about justice between candidates on the wait-
ing list, but also about the acceptability of exposing a 
healthy donor to risk for metastatic disease. Recurrence 
remains common and should be discussed plainly, but 
pulmonary relapse may be slow-growing and treatable. 
�e realistic aim is not zero recurrence. It is a substan-
tial prolongation of life, ideally with preserved function 
and access to salvage therapy.[15,16,18–22]

CROSS-CUTTING LESSONS

Across all four disease groups, the same principles recur. 
Morphology has become necessary but insu�cient. Tu-
mour size, number and distribution still matter, but they 
are now only the entry point. Alpha-fetoprotein trajec-
tory in hepatocellular carcinoma, protocol completion 
in perihilar cholangiocarcinoma, radiological stabil-
ity in intrahepatic cholangiocarcinoma, and molecular 

pro�le plus chemotherapy response in colorectal liver 
metastases all re�ect the same deeper idea: Behaviour 
under treatment is a better proxy for transplantability 
than anatomy alone (Table 2).[4,5,10,16,19,21–23,34]

Pre-transplant therapy should therefore be un-
derstood as part of the selection process rather than 
as a delay before the ‘real’ treatment. Downstaging, 
chemoradiation and systemic therapy all function as 
biological �lters. �at is why time on treatment is valu-
able information rather than wasted time. �e same is 
true a�er transplantation: Surveillance intensity, will-
ingness to treat limited recurrence, and immunosup-
pression strategy all in�uence the real bene�t obtained 
from a gra�.[9,15–17,23,29,33]

Centre e�ect remains real. �e best results in trans-
plant oncology do not come from isolated technical ex-
cellence in the operating theatre. �ey come from inte-
grated programmes in which radiology, interventional 
oncology, hepatology, medical oncology, pathology, 
anaesthesia, surgery and structured surveillance are 
aligned. �is matters most for uncommon indications, 
where seemingly small lapses in staging or protocol dis-
cipline can completely alter outcome.[9,12,16,19,23,33]

Allocation ethics remain central. New indications 
should not be advanced simply because transplanta-
tion can technically be performed. �ey should ad-
vance when alternative therapies have been honestly 
compared, when denominator data are transparent, 
and when the magnitude of bene�t is strong enough to 
justify the use of a scarce gra�. �at threshold will dif-

Table 2 Practical selection variables and red flags in contemporary transplant-oncology assessment

Disease Features that support listing Red flags / likely contraindications Practical message

Hepatocellular

carcinoma

Falling or low alpha-fetoprotein; 

response to locoregional therapy; 

prolonged stability; tumour burden 

within accepted downstaging limits

Rising alpha-fetoprotein despite 

therapy; rapid progression;

macrovascular invasion; extrahepatic 

spread; inability to downstage

Downstaging is a biological 

filter, not a technical gateway.

Perihilar

cholangiocarcinoma

Clear protocol eligibility; completion 

of neoadjuvant pathway; negative 

staging for metastases; disease 

confined to the hilum

Transperitoneal biopsy; metastatic 

disease; protocol deviation; inability 

to complete staging or neoadjuvant 

treatment

In perihilar cholangiocarci-

noma, the protocol itself is part 

of the treatment.

Intrahepatic

cholangiocarcinoma

Solitary small tumour in cirrhosis

or liver-limited disease with durable 

response; prolonged radiological 

stability; no nodal or extrahepatic 

disease

Multifocal or bulky disease;

progression on systemic therapy; 

extrahepatic spread; biologically

aggressive relapse pattern

Best considered within trial-like 

governance or prospective 

audit.

Colorectal liver

metastases

Liver-only disease; resected primary; 

response to first-line chemotherapy; 

low carcinoembryonic antigen; 

favourable biology such as BRAF 

wild-type and microsatellite stability

Progression on chemotherapy; high 

carcinoembryonic antigen; large 

dominant lesion; short interval from 

primary treatment; extrahepatic dis-

ease; unfavourable molecular profile

The realistic goal is prolonged 

survival with manageable

recurrence, not zero

recurrence.
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fer among hepatocellular carcinoma, perihilar cholan-
giocarcinoma, intrahepatic cholangiocarcinoma, and 
colorectal liver metastases because the maturity of the 
evidence varies.[6,10,16,17,19,21–23]

FUTURE DIRECTIONS

�e next phase of transplant oncology is unlikely to be 
driven by crude expansion of size-based criteria. �e 
bigger gains will probably come from �ner biological 
discrimination, including better integration of molec-
ular pro�ling, radiomics, circulating biomarkers and 
response-adapted selection models.[5,11,12,21,23,34]

Just as important will be a better study design. Fu-
ture reports need to describe referral volume, exclusions 
before listing, dropout during therapy, reasons for non-
transplantation, recurrence pattern and salvage treat-
ment, because post-transplant survival curves alone tell 
only part of the story.[16,17,19,21–23] �e same pri-
orities now recur across recent consensus statements, 
narrative reviews and programme reports: Dynamic 
biomarkers in hepatocellular carcinoma, protocol �-
delity in cholangiocarcinoma, and denominator-based 
governance in colorectal liver metastases.[36–50]

CONCLUSIONS

Liver transplantation for cancer has moved well beyond 
a debate about whether malignancy should ever be an 
indication. �e more useful question is which can-
cers, in which biological states, under which protocols, 
justify a gra�. Hepatocellular carcinoma remains the 
benchmark and the most mature model of biological 
selection beyond anatomy. Perihilar cholangiocarci-
noma is now an established indication when managed 
within a rigorous neoadjuvant and staging pathway. In-
trahepatic cholangiocarcinoma has entered legitimate 
transplant practice, but only in carefully circumscribed 
settings. Colorectal liver metastases have crossed from 
bold experiment to serious clinical option in expert 
programmes, although they remain the most ethically 
and scienti�cally demanding indication.

�e central lesson is shared across the whole �eld. 
Good transplant oncology does not come from stretch-
ing criteria until they break. It comes from using mor-
phology, biology, treatment response and time to 
identify the uncommon patient whose cancer remains 
transplantable. �e future of the �eld will depend less on 
how far criteria can be widened and more on how care-
fully candidates are chosen, and outcomes are audited.
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