mmm © 2024 Greater Poland Cancer Centre.
—==  Published by Via Medica.

All rights reserved.

e-ISSN 2083-4640

Reports of Practical Oncology and Radiotherapy
2024, Volume 29, Number 1, pages: 55-61

DOI: 10.5603/rpor.99099

Submitted: 14.04.2023

ISSN 15071367 RESEARCH PAPER Accepted: 16.01.2024

A prospective study of changes in bone health in adult cancer
patients treated with pelvic radiotherapy

Arpita Sarkar', Bikramjit Chakrabarti’, Amitava Manna', Debabrata Mitra'

'Department of Radiotherapy, Institute of Postgraduate Medical Education and Research, Kolkata, India
*Department of Radiotherapy, Bankura Sammilani Medical College, Kenduadihi, Bankura, India

ABSTRACT

Background: Cancer is a major health problem in today’s world. Many patients of pelvic malignancies need treatment by
radiation therapy. Post-treatment morbidity due to loss of bone health is less commonly studied. Our study aims at studying
the impact of pelvic radiation therapy on bone health including bone mineral density and blood parameters and time of max-
imum change in Indian patients after pelvic radiotherapy.

Materials and methods: Patients suffering from histologically confirmed pelvic malignancies were included. Patients hav-
ing metastasis, primary bone tumor or uncontrolled co-morbid conditions were excluded. Patients were treated with con-
comitant chemoradiation using conventional fractionation of external beam radiotherapy followed by brachytherapy where
indicated. T score and Z score of bone mineral density, serum alkaline phosphatase, vitamin D3, phosphorus and calcium
were measured before radiation therapy and 6 weeks, three months, and six months after completion of radiation therapy.
A p-value < 0.05 was considered statistically significant.

Results: We found that there was a significant decrease in mean Z score and a significant rise of mean serum alkaline phos-
phatase at three months post radiation therapy. This was associated with an insignificant changes of mean T score, vitamin
D3, phosphorus and calcium after radiation therapy. No pelvic insufficiency fractures were detected.

Conclusion: In Indian patients, alkaline phosphatase rises, and Z score falls significantly after radiation therapy at three months
after treatment. This suggests maximum bone turnover at three months after treatment. Pharmacological intervention, when
necessary, may be considered by careful monitoring of patients by this time.

Key words: cancer; pelvis; chemoradiation
Rep Pract Oncol Radiother 2024;29(1):55-61

Introduction

In today’s world cancer is a major health prob-
lem. According to statistics by the World Health
Organization in 2018, it is the second most com-
mon cause of death due to non-communicable dis-
eases. Yearly, nine million deaths all over the world
are attributable to cancer. Multimodality regimes of
cancer treatment have improved cancer survivor-

ship largely over the last four decades [1]. Howev-
er, up to 30-50% of survivors have self-perceived
unmet needs for supportive care [2]. With the ad-
vances of cancer management, many patients now
survive a longer duration and experience long term
skeletal side effects like osteomalacia, avascular ne-
crosis and fractures. Early detection of treatment
induced bone loss may help in reduction of these
adverse events.
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Only a few studies, as discussed later, ad-
dress the impact of pelvic radiation therapy on
bone health including bone mineral density in pa-
tients suffering from pelvic malignancy. Risk factors
and time of maximum change in bone mineral den-
sity and blood parameters which may lead to pelvic
fractures after pelvic radiation therapy are less well
understood. Our study aims at studying the impact
of pelvic radiation therapy on bone health includ-
ing bone mineral density in Indian adult cancer
patients suffering from pelvic malignancy. This
study attempted to determine the time of max-
imum change in bone mineral density and blood
parameters after pelvic radiotherapy. The purpose
of this study is to improve the understanding of
changes in bone turnover kinetics related to pelvic
radiotherapy and to determine the optimum time
of necessary interventions.

Materials and methods

Our study is a prospective observational insti-
tutional study done at the Department of Radio-
therapy at Institute of Postgraduate Medical Edu-
cation and Research, Kolkata. Ethical approval was
obtained from Institutional Ethics Committee. Pa-
tients suffering from histologically confirmed pel-
vic malignancies and registered between January
2020 and June 2020 were included in the study. Pa-
tients more than 18 years of age with a good East-
ern Cooperative Oncology Group (ECOG) per-
formance status (ECOG 0-2) without any history
of prior radiation therapy, cytotoxic chemothera-
py or surgery and having normal complete blood
counts, liver function test, blood sugar, and elec-
trolytes were included in our study. Patients hav-
ing metastasis, primary bone tumor or associated
uncontrolled co-morbid conditions were exclud-
ed. Patients suffering from osteoporosis or osteo-
penia or those on vitamin D supplements or bi-
sphosphonates were also excluded. Patients were
treated with concomitant chemoradiation using
a conventional fractionation of external beam ra-
diotherapy followed by brachytherapy in cases of
carcinoma cervix.

Disease and patient characteristics includ-
ing menopausal status of female patients, radiation
dose received for both teletherapy and brachyther-
apy were recorded. T score (standard deviation
from mean bone mass of 30-year-old healthy adult)

and Z score (comparison of average bone density
of people of same age and gender) of bone min-
eral density, serum alkaline phosphatase, vitamin
D3, phosphorus and calcium were measured be-
fore radiation therapy and six weeks, three months,
and six months after completion of radiation ther-
apy. Bone scintigraphy, computerized tomography
and/or magnetic resonance imaging (MRI) was
used to exclude insufficiency fractures. The im-
aging studies were done at baseline and at three
and six months after radiation therapy for all cases.

We used IBM Corp. Released 2011. IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY:
IBM Corp. for statistical analysis. One-way repeat-
ed measures ANOVA was used as the paired para-
metric test to analyze variance between the multi-
ple data sets. Greenhouse-Geisser correction was
done to exclude violation of sphericity. Partial eta
squared values were considered to assess the effect
size. Independent samples t-test was carried out to
estimate effects of gender on test results. One-way
ANOVA was used to assess if there was any effect of
site of malignancy on test results p-value < 0.05 was
considered statistically significant.

Results and Analysis

Patients

Thirty patients were registered in our study. Mean
age of patients was 52.7 years. Most (46.7%) of pa-
tients were of 51 to 60 years of age. Sixty percent of
the patients were female. Seventeen of the eighteen
female patients were menopausal. Majority of pa-
tients (56.7%) had a very good performance status
(ECOG performance status one) (Tab. 1). Almost
all of them had a normal body mass index (> 18.5
to < 23 kg/m’).

Sites of malignancy
Colorectum (33.3%), cervix (30%) and urinary
bladder (16.7%) were the most common primary
sites of cancer. Other sites were vulva, endometri-
um, and anal canal (Tab. 1).

Treatment
All our patients were treated using conven-
tional fractionation of radiation therapy using
a telecobalt machine. Computerized planning by
the four-field box technique was done with usage
of shielding blocks to ensure target volume con-
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Table 1. Patient and treatment characteristics

Patient groups Number Percentage
Age

31-40 years 4 13.3%
41-50 years 6 20%
51-60 years 14 46.7%
61-70 years 6 20%
Sex

Female 18 60.0%
Male 12 40.0%
Menopausal status of female patients

Premenopausal 1 5.6%
Postmenopausal 17 94.4%
Body mass index

Low (< 18.5 kg/m?) 2 6.7%
Normal (= 18.5 to < 23 kg/m?) 28 93.3%
High (= 23 kg/m?) 0 0
Performance status

ECOGO0 12 40.0%
ECOG 1 17 56.7%
ECOG 2 1 3.3%
Primary site of cancer

Anal canal 1 3.3%
Urinary bladder 5 16.7%
Uterine cervix 9 30.0%
Colorectal 10 33.3%
Endometrium 2 6.7%
Vulva 3 10%
Radiation dose prescribed (teletherapy)

50 Gy 15 50.0%
50.4 Gy 9 30.0%
54 Gy 1 3.3%
60 Gy 5 16.7%
Brachytherapy boost dose prescribed in cervical

and endometrial cancer patients

f7raGc){ipc:«;—.;rsfraction, a total of three 1 36.7%

ECOG — Eastern Cooperative Oncology Group

formity. Most of them received a dose of 50 Gy in
conventional fractionation. All of them received
concomitant chemotherapy with either weekly
dose of cisplatin injection or daily oral capecit-
abine according to their primary site of the disease.
Three fractions of intracavitary brachytherapy with
a dose of 7 Gy per fraction for each of three frac-
tions were performed for cervical and endometrial
cancer patients as per institutional protocol.

This study revealed changes in scores of
bone mineral density and serum biochemical
changes after pelvic radiation therapy.

Bone mineral density

We found that there was a significant decrease
in mean Z score at three months post radiation
therapy (p = 0.002 after Greenhouse-Geisser cor-
rection) (Fig. 1). Effect size as determined by
the partial eta squared value was 0.031. This was
associated with insignificant changes of T score
(p = 0.853) (Tab. 2).

Blood tests

There was a significant rise of mean serum al-
kaline phosphatase at three months post radiation
therapy (p < 0.001) (Fig. 1). The effect size was large,
partial eta squared value being 0.81. On the oth-
er hand, mean vitamin D3, phosphorus and calci-
um decreased six months after radiation therapy,
although this was insignificant (Tab. 2). Only sig-
nificant difference between two genders was re-
vealed on serum alkaline phosphatase estimation,
measured at six months (p = 0.044) where females
recorded lower values [mean 134.06; standard
deviation (SD) 12.12] than males (mean 143.17;
SD 10.79). No impact of the primary site of disease
occurrence on test results was observed (p > 0.05).

Insufficiency fractures
No case of insufficiency fracture was recorded
in our study after bone scintigraphy, computerized
tomography, or MRI.

Discussion

The structural integrity and metabolic role of
the skeleton is related dynamically to physiologi-
cal processes of the human body. Many extrinsic
factors like weight carried, diet and exercise, expo-
sure to sunlight and intrinsic factors like hormonal
status and genetics play pivotal roles in skeletal ho-
meostasis.

Pelvic insufficiency fractures are common com-
plications of pelvic radiation therapy. Early diag-
nosis and treatment of these may improve quality
of life after treatment for carcinoma cervix and de-
crease cost of medical treatment [3].

These fractures occur due to physiological stress
on demineralized bone. The most common affect-
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Figure 1. Line diagram to show the trend of changes in biochemical particulars, T score and Z score with time after
radiotherapy (X-axis showing time and Y-axis showing respective units of measurements)

ed site is the lateral part of the sacrum. These frac-
tures are differentiated from bone metastasis by
the absence of soft tissue lesions and their typical
locations like the sacrum [4].

Oh et al. [5] found that patients with age more
than 55 years and body weight less than 55 kg were
at high risk for developing pelvic insufficiency
fractures. Postmenopausal women were also sus-
ceptible [6]. A study by Uezono et al. [7] associat-
ed lower CT density of bone and bone marrow in
computerized tomographic scans with the develop-
ment of these fractures.

Role of diet on skeletal homeostasis is immense,
both in animals and humans. Patients suffering
from cancer are often advised to have a high pro-
tein diet. Increased intestinal absorption of cal-
cium due to a high protein diet causes increased
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renal excretion [8] but does not cause loss of
bone mineral density. However, increased saturat-
ed fat consumption may lead to loss of bone min-
eral density (4.3% in men less than 50 years in
femoral neck) [9]. Diet high in refined sugar caus-
es increased calciuria [10] due to lowered calci-
um reabsorption in distal convoluted tubules of
the kidney [11]. Animals are also susceptible to
skeletal degradation after consuming a diet rich
in refined carbohydrates. A study by Tjaderhane
and Larmas [12] revealed that Wistar rats fed on
a high sucrose diet are susceptible to skeletal deg-
radation in both sexes but more in females. Study
by Tsanzi at al. [13] showed that 13% glucose solu-
tion had profound negative effects on bone mass in
rats when compared to fructose sweetened bever-
ages. Study by Li et al. [14] showed that cancellous
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Table 2. Changes in bone mineral density and blood parameters after pelvic radiation therapy

Before 6 weeks after 3 months after 6 months after value Effect size (partial eta
treatment treatment treatment treatment p squared value)
Mean -0.0467 -0.1533 -0.1667 -0.1433
T score SD 1.568 1.499 1.474 1.455 0.853 -
Median 0.100 0.000 0.050 -0.100
Mean 0.497 0.437 -0.377 0.320
Z score SD 1.444 1.467 1.493 1.408 0.002 Small (0.03)
Median 1.000 1.350 1.150 1.200
. Mean 116 135.9 144.16 137.7
Serum alkaline
phosphatase SD 17.156 13.805 13.953 12.284 p <0.001 Large (0.81)
e Median 115.500 135.500 144.500 138.000
Mean 36.06 34.67 34.78 36.72
Mean serum
Vitamin D3 SD 4.09 3.31 3.66 2.75 0.064 -
[ng/mL] Median 37.00 34.500 35.000 36.500
Mean 3.75 3.65 3.48 492
Mean serum
phosphorus SD 0.37 0.373 0.328 6.821 0.428 -
[mg/dL] Median 3.800 3.60 3.50 3.75
Mean 8.38 8.27 8.17 8.42
Mean serum SD 0.59 0.49 047 047 0.059 -
calcium [mg/dl]
Median 8.20 8.10 8.10 8.40

bones, like vertebrae, lose bone quality and tensile
strength in animals fed on both high saturated fat
and sucrose. A study by Ogur et al. [15] on young
Sprague-Dawley rats revealed that cola consump-
tion causes increased loss of calcium and iron as
well as loss of lean body mass but increased fat
deposition probably due to decreased consump-
tion of milk and other fluid. Human study by
Milne and Nielson [16] found that glucose rath-
er than fructose has more deleterious effects on
bone and mineral balance. Consumption of large
amounts of sodium promotes calciuria since sodi-
um and calcium compete for reabsorption in renal
tubules. For every 2300 mg sodium excretion there
is approximately 4250 mg loss of calcium [17].
Radiation therapy is identified as one of the risk
factors for loss of bone mineral density in many
studies. A study by Wu et al. [18] in cases of cervi-
cal cancer concluded that there is significant loss of
bone mineral density in all lumbar vertebrae both
in an out of field, following radiation therapy for
cervical cancer. Hence, they suggested hormonal
replacement therapy to improve bone mineral den-
sity recovery even in premenopausal women.
Study by Salcedo et al. [19] shows that signifi-
cant loss of bone mineral density occurred after

pelvic radiation therapy in a high proportion of
women, with pelvic fracture diagnosed in 7.8% of
cases. There was a significant risk of fracture in old-
er women, in those having baseline osteoporosis
or higher baseline alkaline phosphatase. Pharma-
cologic intervention was advisable in these women.

Okonogi et al. [20] found that systemic
bone mineral density decreases in pre-menopaus-
al women after pelvic radiation therapy. The study
also revealed that loss of bone mineral density in
the irradiated region occurred within 1 year irre-
spective of menopausal status. There was risk of in-
sufficiency fractures even after adjuvant irradiation
of stomach cancer [21].

Pelvic insufficiency fractures had been demon-
strated after pelvic radiotherapy in some trials.
Study by Tokumara et al. [22] demonstrated that
pelvic insufficiency fractures may be as high as
36.9% in cervical cancer after radiation therapy.
89% of these fractures developed within one year
of pelvic radiotherapy [23]. Park et al. [3] found
that there is an increased risk of pelvic insufficien-
cy fracture if the DEXA BMD T score was less than
3.5. Oh et al. [24] found that treatment of cervical
and endometrial cancer results in increased bone
loss in postmenopausal women.
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Kronborg et al. [25] in their recent study found
that treatment with volumetric arc therapy in rec-
tal cancer resulted in increased incidence of pelvic
insufficiency fracture after three years. Although
a statistically significant causal relationship of dose
threshold could not be established in their study,
a high dose of V30 Gy to the sacroiliac joint was
suggested for occurrence of these fractures.

Yamamoto et al. [26] found that radiation ther-
apy in cervical cancer patients caused insufficiency
fractures in radiated fields in 15.8% cases. Most of
them (80%) developed fractures within 3 years after
radiation completion. Median time was 14 months
and the most fractured site was the sacral bone.
Post-menopausal state and high dose rate intracav-
itary brachytherapy were significant predisposing
factors according to multivariate analysis. A study
by Kwon et al. [27] found that radiation thera-
py caused pelvic insufficiency fractures in femo-
ral head, fifth lumbar vertebra and roof of acetabu-
lum in addition to sacral alae.

This study attempted to elucidate the impact of
pelvic radiation therapy on general bone health in
Indian adult cancer patients suffering from pel-
vic malignancy. We also tried to find out the time
of maximum change in bone mineral density
and blood parameters after pelvic radiotherapy.
We observed that in our group of Indian patients
suffering from pelvic malignancy, alkaline phos-
phatase rose and Z score decreased significantly
after radiation therapy at three months after treat-
ment. This suggests maximum bone turnover at
three months after treatment. Nonpharmacological
(adequate intake of vitamin D and calcium, exer-
cise and cessation of smoking and alcohol and caf-
feine consumption) and pharmacological interven-
tions (antiresorptive medicine) may be considered
by careful monitoring of patients at this time.

In contrast to some other studies, no case of
insufficiency fracture was recorded in our study.
Whether factors like diet, working habits or expo-
sure to sunlight can be possible reasons behind
this finding, needs to be corroborated by a larger
study. Caveats of the study like time constraints
and selection of patients with no osteopenia/oste-
oporosis may also be possible. Hence, this should
be corroborated by a larger study with a longer pe-
riod of follow up. In addition, analysis performed
to assess relationships between radiation dose
or menopausal status on biomarkers or bone den-

sity after radiation therapy may be performed in
future studies.

Conclusion

Our study concludes that, in Indian patients,
systemic effects on bone mineral density and other
blood parameters of skeletal homeostasis are ob-
served after pelvic radiation therapy. Significant
rise of serum alkaline phosphatase (large effect
size) accompanied by a significant fall of Z score are
noted at three months of pelvic radiotherapy. This
suggests that there is a significant bone turnover
at three months after pelvic radiation treatment.
Pharmacological intervention, when necessary,
may therefore be considered after careful monitor-
ing by this time.

In contrast to some other studies, no case of
insufficiency fracture was recorded in our study.
This may be due to their profession, dietary habit,
climate, or other factors. A multicentric trial with
a larger sample size and longer period of study (at
least for one year and possibly more) needs to be
conducted on Indian patients to get more elaborate
data and understand the clinical significance of
these biochemical changes or occurrence of insuf-
ficiency fractures later than six months. Effects of
different concomitant chemotherapy regimens on
bone turnover may also be studied.

Conflicts of interest
There are no conflicts of interest for any of the au-
thors.

Funding
This publication was prepared without any external
source of funding.

References

1. Andreyev HJ, Benton BE, Lalji A, et al. Algorithm-based
management of patients with gastrointestinal symp-
toms in patients after pelvic radiation treatment (ORBIT):
a randomised controlled trial. Lancet. 2013; 382(9910):
2084-2092, doi: 10.1016/50140-6736(13)61648-7, in-
dexed in Pubmed: 24067488.

2. ArmesJo, Crowe M, ColbournelL, et al. Patients’supportive
care needs beyond the end of cancer treatment: a pro-
spective, longitudinal survey. J Clin Oncol. 2009; 27(36):
6172-6179, doi: 10.1200/JC0.2009.22.5151, indexed in
Pubmed: 19884548.

3. Park SH, Kim JC, Lee JE, et al. Pelvic insufficiency frac-
ture after radiotherapy in patients with cervical can-

60 https://journals.viamedica.pl/rpor


http://dx.doi.org/10.1016/S0140-6736(13)61648-7
https://www.ncbi.nlm.nih.gov/pubmed/24067488
http://dx.doi.org/10.1200/JCO.2009.22.5151
https://www.ncbi.nlm.nih.gov/pubmed/19884548

Arpita Sarkar et al. Changes in bone health in adult cancer patients treated with pelvic radiotherapy

cer in the era of PET/CT. Radiat Oncol J. 2011; 29(4):
269-276, doi: 10.3857/r0j.2011.29.4.269, indexed in
Pubmed: 22984680.

Oh D, Huh SJ. Insufficiency fracture after radiation ther-
apy. Radiat Oncol J. 2014; 32(4): 213-220, doi: 10.3857/
roj.2014.32.4.213, indexed in Pubmed: 25568849.

Oh D, Huh SJ, Nam H, et al. Pelvic insufficiency fracture
after pelvic radiotherapy for cervical cancer: analysis
of risk factors. Int J Radiat Oncol Biol Phys. 2008; 70(4):
1183-1188, doi: 10.1016/j.ijrobp.2007.08.005, indexed
in Pubmed: 17919836.

Schmeler KM, Jhingran A, lyer RB, et al. Pelvic fractures
after radiotherapy for cervical cancer: implications for
survivors. Cancer. 2010; 116(3): 625-630, doi: 10.1002/
cncr.24811, indexed in Pubmed: 20052724.

Uezono H, Tsujino K, Moriki K, et al. Pelvic insufficiency
fracture after definitive radiotherapy for uterine cervical
cancer: retrospective analysis of risk factors. J Radiat Res.
2013; 54(6): 1102-1109, doi: 10.1093/jrr/rrt055, indexed
in Pubmed: 23685668.

Kerstetter JE, O'Brien KO, Insogna KL. Dietary protein af-
fects intestinal calcium absorption. Am J Clin Nutr. 1998;
68(4): 859-865, doi: 10.1093/ajcn/68.4.859, indexed in
Pubmed: 9771863.

Corwin RL, Hartman TJ, Maczuga SA, et al. Dietary
saturated fat intake is inversely associated with bone
density in humans: analysis of NHANES lII. J Nutr. 2006;
136(1): 159-165, doi: 10.1093/jn/136.1.159, indexed in
Pubmed: 16365076.

. Ericsson Y, Angmar-Mansson B, Flores M. Urinary mineral

ion loss after sugar ingestion. Bone Miner. 1990; 9(3):
233-237, doi: 10.1016/0169-6009(90)90041-d, indexed
in Pubmed: 2364182.

. Lemann JJr, Lennon EJ, Piering WR, et al. Evidence that

glucose ingestion inhibits net renal tubular reabsorption
of calcium and magnesium in man.J Lab Clin Med. 1970;
75(4): 578-585, indexed in Pubmed: 5444345.

. Tjdderhane L, Larmas M. A high sucrose diet decreases

the mechanical strength of bones in growing rats. J Nutr.
1998; 128(10): 1807-1810, doi: 10.1093/jn/128.10.1807,
indexed in Pubmed: 9772153.

. Tsanzi E, Light HR, Tou JC. The effect of feeding differ-

ent sugar-sweetened beverages to growing female
Sprague-Dawley rats on bone mass and strength. Bone.
2008; 42(5): 960-968, doi: 10.1016/j.bone.2008.01.020,
indexed in Pubmed: 18328797.

. LiKC, Zernicke RF, Barnard RJ, et al. Effects of a high fat-su-

crose diet on cortical bone morphology and biomechan-
ics. Calcif Tissue Int. 1990; 47(5): 308-313, doi: 10.1007/
BF02555914, indexed in Pubmed: 2257525.

. Ogur R, Uysal B, Ogur T, et al. Evaluation of the effect of

cola drinks on bone mineral density and associated fac-
tors. Basic Clin Pharmacol Toxicol. 2007; 100(5): 334-338,
doi: 10.1111/j.1742-7843.2007.00053.%, indexed in
Pubmed: 17448120.

. Milne DB, Nielsen FH. The interaction between dietary

fructose and magnesium adversely affects macromin-
eral homeostasis in men. J Am Coll Nutr. 2000; 19(1):

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

31-37, doi: 10.1080/07315724.2000.10718911, indexed
in Pubmed: 10682873.

Nordin BE, Need AG, Morris HA, et al. The nature and signif-
icance of the relationship between urinary sodium and uri-
nary calcium in women. J Nutr. 1993; 123(9): 1615-1622,
doi: 10.1093/jn/123.9.1615, indexed in Pubmed: 8360790.
Wu J, Lakomy DS, Fellman BM, et al. Longitudinal Changes
in Bone Mineral Measurements Inside and Outside Ra-
diation Fields Used for Cervical Cancer Treatment. Pract
Radiat Oncol. 2022; 12(5): e423-e433, doi: 10.1016/j.
prro.2022.03.013, indexed in Pubmed: 35390531.
Salcedo MP, Sood AK, Jhingran A, et al. Pelvic fractures
and changes in bone mineral density after radiotherapy for
cervical, endometrial, and vaginal cancer: A prospective
study of 239 women. Cancer. 2020; 126(11): 2607-2613,
doi: 10.1002/cncr.32807, indexed in Pubmed: 32125711.
Okonogi N, Saitoh Ji, Suzuki Y, et al. Changes in bone
mineral density in uterine cervical cancer patients after
radiation therapy. Int J Radiat Oncol Biol Phys. 2013; 87(5):
968-974, doi: 10.1016/j.ijrobp.2013.08.036, indexed in
Pubmed: 24139516.

Yaprak G, Gemici C, Temizkan S, et al. Osteoporosis
development and vertebral fractures after abdominal
irradiation in patients with gastric cancer. BMC Cancer.
2018;18(1):972,doi: 10.1186/512885-018-4899-z, indexed
in Pubmed: 30309324.

Tokumaru S, Toita T, Oguchi M, et al. Insufficiency fractures
after pelvic radiation therapy for uterine cervical cancer:
an analysis of subjects in a prospective multi-institutional
trial, and cooperative study of the Japan Radiation Oncol-
ogy Group (JAROG) and Japanese Radiation Oncology
Study Group (JROSG). Int J Radiat Oncol Biol Phys. 2012;
84(2): €195-€200, doi: 10.1016/j.ijrobp.2012.03.042, in-
dexed in Pubmed: 22583605.

Blomlie V, Rofstad EK, Talle K, et al. Incidence of radia-
tion-induced insufficiency fractures of the female pelvis:
evaluation with MR imaging. AJR Am J Roentgenol. 1996;
167(5): 1205-1210, doi: 10.2214/ajr.167.5.8911181, in-
dexed in Pubmed: 8911181.

Oh YL, Yoon MS, Suh DS, et al. Changes in bone density
after cancer treatment in patients with cervical and endo-
metrial cancer. J Cancer. 2015; 6(1): 82-89, doi: 10.7150/
jca.10679, indexed in Pubmed: 25553092.

Kronborg CJS, Jergensen JB, Petersen JBB, et al. Pelvic
insufficiency fractures, dose volume parameters and plan
optimization after radiotherapy for rectal cancer. Clin
Transl Radiat Oncol. 2019; 19: 72-76, doi: 10.1016/j.
€tro.2019.09.001, indexed in Pubmed: 31646202.
Yamamoto K, Nagao S, Suzuki K, et al. Pelvic fractures after
definitive and postoperative radiotherapy for cervical can-
cer: Aretrospective analysis of risk factors. Gynecol Oncol.
2017;147(3):585-588, doi: 10.1016/j.ygyno.2017.09.035,
indexed in Pubmed: 29055558.

Kwon JW, Huh SJ, Yoon YC, et al. Pelvic bone compli-
cations after radiation therapy of uterine cervical can-
cer: evaluation with MRI. AJR Am J Roentgenol. 2008;
191(4): 987-994, doi: 10.2214/AJR.07.3634, indexed in
Pubmed: 18806132.

https://journals.viamedica.pl/rpor 61


http://dx.doi.org/10.3857/roj.2011.29.4.269
https://www.ncbi.nlm.nih.gov/pubmed/22984680
http://dx.doi.org/10.3857/roj.2014.32.4.213
http://dx.doi.org/10.3857/roj.2014.32.4.213
https://www.ncbi.nlm.nih.gov/pubmed/25568849
http://dx.doi.org/10.1016/j.ijrobp.2007.08.005
https://www.ncbi.nlm.nih.gov/pubmed/17919836
http://dx.doi.org/10.1002/cncr.24811
http://dx.doi.org/10.1002/cncr.24811
https://www.ncbi.nlm.nih.gov/pubmed/20052724
http://dx.doi.org/10.1093/jrr/rrt055
https://www.ncbi.nlm.nih.gov/pubmed/23685668
http://dx.doi.org/10.1093/ajcn/68.4.859
https://www.ncbi.nlm.nih.gov/pubmed/9771863
http://dx.doi.org/10.1093/jn/136.1.159
https://www.ncbi.nlm.nih.gov/pubmed/16365076
http://dx.doi.org/10.1016/0169-6009(90)90041-d
https://www.ncbi.nlm.nih.gov/pubmed/2364182
https://www.ncbi.nlm.nih.gov/pubmed/5444345
http://dx.doi.org/10.1093/jn/128.10.1807
https://www.ncbi.nlm.nih.gov/pubmed/9772153
http://dx.doi.org/10.1016/j.bone.2008.01.020
https://www.ncbi.nlm.nih.gov/pubmed/18328797
http://dx.doi.org/10.1007/BF02555914
http://dx.doi.org/10.1007/BF02555914
https://www.ncbi.nlm.nih.gov/pubmed/2257525
http://dx.doi.org/10.1111/j.1742-7843.2007.00053.x
https://www.ncbi.nlm.nih.gov/pubmed/17448120
http://dx.doi.org/10.1080/07315724.2000.10718911
https://www.ncbi.nlm.nih.gov/pubmed/10682873
http://dx.doi.org/10.1093/jn/123.9.1615
https://www.ncbi.nlm.nih.gov/pubmed/8360790
http://dx.doi.org/10.1016/j.prro.2022.03.013
http://dx.doi.org/10.1016/j.prro.2022.03.013
https://www.ncbi.nlm.nih.gov/pubmed/35390531
http://dx.doi.org/10.1002/cncr.32807
https://www.ncbi.nlm.nih.gov/pubmed/32125711
http://dx.doi.org/10.1016/j.ijrobp.2013.08.036
https://www.ncbi.nlm.nih.gov/pubmed/24139516
http://dx.doi.org/10.1186/s12885-018-4899-z
https://www.ncbi.nlm.nih.gov/pubmed/30309324
http://dx.doi.org/10.1016/j.ijrobp.2012.03.042
https://www.ncbi.nlm.nih.gov/pubmed/22583605
http://dx.doi.org/10.2214/ajr.167.5.8911181
https://www.ncbi.nlm.nih.gov/pubmed/8911181
http://dx.doi.org/10.7150/jca.10679
http://dx.doi.org/10.7150/jca.10679
https://www.ncbi.nlm.nih.gov/pubmed/25553092
http://dx.doi.org/10.1016/j.ctro.2019.09.001
http://dx.doi.org/10.1016/j.ctro.2019.09.001
https://www.ncbi.nlm.nih.gov/pubmed/31646202
http://dx.doi.org/10.1016/j.ygyno.2017.09.035
https://www.ncbi.nlm.nih.gov/pubmed/29055558
http://dx.doi.org/10.2214/AJR.07.3634
https://www.ncbi.nlm.nih.gov/pubmed/18806132

