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Objective: To summarize the results of pelvic insuffi-

ciency fracture (PIF) incidence in patients with anal or

gynaecological cancer treated by pelvic intensity-

modulated radiation therapy (IMRT).

Methods: The clinical and morphological (CT and/or

pelvic MRI) characteristics of patients treated by IMRT

at our institution between 2007 and 2014 were analyzed.

The global incidence of PIF after external beam radio-

therapy and the impact of tumour site (gynaecological or

anal cancer) were determined. A dosimetric study was

then performed to compare patients with and without

pelvic fracture.

Results: 341 patients were treated by IMRT for gynaeco-

logical or anal cancer between 2007 and 2014. 15 patients

experienced at least 1 pelvic fracture after external beam

radiotherapy, corresponding to an overall incidence of

4.4%. Age andmenopausal status were correlated with an

increased fracture risk (p50.0274 and p,0.0001, re-

spectively). The site of the primary tumour (gynaecolog-

ical or anal canal) was not associated with an excess

fracture risk. The median maximum dose received at the

fracture site was 50.3Gy (range: 40.8–68.4Gy).

Conclusion: The incidence of pelvic fracture after IMRT is

low, but is higher after the age of 50 and in patients who

are postmenopausal. Pre-treatment evaluation of bone

density by bone densitometry and phosphorus–calcium

assessment could be useful prior to the management of

these patients.

Advances in knowledge: Pelvic fractures are a fre-

quent complication after radiotherapy. The influence

of IMRT and clinical characteristics were evaluated in

this study.

INTRODUCTION
Pelvic radiotherapy is one of the standard treatments, to-
gether with surgery and chemotherapy, for the manage-
ment of gynaecological and gastrointestinal tumours, as
large or locally advanced cervical cancers, post-operative or
locally advanced endometrial cancers, anal and middle and
lower rectal cancers are commonly treated by neoadjuvant
external beam radiotherapy, a technique that has been
demonstrated to be beneficial in terms of local control and
patient survival.1–4

Two types of post-radiotherapy complications may be
observed: acute complications (occurring less than
6 months after radiotherapy) and late complications
(occurring more than 6 months after radiotherapy).5,6

Post-radiotherapy complications are mainly gastroin-
testinal, urinary tract and/or mucosal complications.

There is also a probably underestimated risk of radiation-
induced fracture.7

The estimated incidence of pelvic insufficiency fracture
(PIF) is between 10% and 29%.8–11 Physicians must be
aware of this complication that can impair the patient
quality of life and must be distinguished from bone
metastasis.12

New techniques, such as intensity-modulated radiation
therapy (IMRT), have been developed over recent years
and allow optimization of the dose delivered to target
lesions, while ensuring maximum sparing of healthy tis-
sues. Several dosimetric and clinical studies have demon-
strated the benefit of this technique, especially for the
treatment of concave volumes, as in the case of pelvic
tumours.13–16 Gynaecological and gastrointestinal tumours
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correspond to different treatment volumes and radiation doses,
which may account for variations in the incidence of PIF.

The objective of this study was to retrospectively estimate the
incidence and risk factors of PIF after IMRT for gynaecological
or anal cancers.

METHODS AND MATERIALS
Study design
We analyzed clinical and morphological data of patients man-
aged by IMRT for gynaecological cancer (cervix or endome-
trium) or anal cancer at our institution, Paris, from 2007 to
2014. Patient-reported symptoms, imaging study and imaging
reports (pelvic CT and/or MRI) were systematically reviewed.

Male patients treated for anal cancer and female patients treated
by three-dimensional conformal radiotherapy were excluded.

TREATMENT
Treatment indications for cervical cancer were based on a flow-
chart defined according to the 2009 International Federation of
Gynecology and Obstetrics (FIGO) classification and consisted
of exclusive chemoradiotherapy for Stages IB2–IV or adjuvant
chemoradiotherapy for Stages IA2 and IB1 in the case of ex-
ternal iliac vein and/or parametrial involvement and Stages IB2
and II in the case of lymph node (LN) involvement. The con-
comitant chemotherapy protocol consisted of cisplatin
40mgm22 delivered weekly for 5 weeks. The pelvis received
a dose of 45Gy in 1.8 Gy fractions per session, for five sessions
per week, with the possibility, depending on the initial staging,
of a boost dose up to 64.8 Gy to the iliac and 55Gy to the para-
aortic LNs. For locally advanced tumours, presacral nodes were
routinely included. Radical hysterectomy was a possible treat-
ment option, but was not performed systematically. Each bra-
chytherapy procedure was performed under general anaesthesia.
Depending on the length of the uterine cavity found during the
brachytherapy procedure together with the topography of the
vagina and cervix as clinically evaluated, the appropriate size and
length of the uterovaginal applicator of Delouche type was used.
The dose distribution was based on anatomic, clinical and im-
plant parameters. Low-dose rate brachytherapy was realized in

all cases using a Curithron machine with 137Cs sources. Then,
after machine replacement, we used pulse dose radiotherapy
using 192Ir source.

Treatment indications for endometrial cancer were also based on
the 2009 FIGO classification and consisted of adjuvant external
beam radiotherapy, possibly associated with complementary
vaginal cuff pulse dose rate brachytherapy for FIGO Stages IB, II
and IIIA and exclusive radiotherapy for Stages IIIB, IIIC and IV.
The pelvis received a dose of 45Gy in 1.8 Gy fractions per ses-
sion, five sessions per week.

Treatment indications for anal cancer were based on the tumour-
node-metastasis (TNM) classification and consisted of exclusive
radiotherapy for small tumours with no LN involvement
(T1N0M0 or T2 , 2.5 cm) and chemoradiotherapy for large
tumours and/or tumours with LN involvement. The pelvis
(including bilateral inguinal nodes in all patients and presacral
nodes in all patients treated with chemoradiotherapy) received
a dose of 45 Gy in 1.8 Gy fractions per session, five sessions per
week. A boost dose of 10–20 Gy was delivered to the tumour
(2 Gy fractions per session for five sessions) and to any LNs
initially involved. Concomitant chemotherapy, when indicated,
consisted of two cycles of 5-fluorouracil 600mgm22 and
cisplatin 20mgm22 at an interval of 4 weeks.

The following clinical characteristics were extracted from the
patient medical charts: age at diagnosis, body mass index,
smoking status, the presence of diabetes or hypertension, post-
menopausal status, use of chemotherapy, history of hormone
replacement therapy (HRT) and history of pre-existing docu-
mented osteoporosis.

Clinical follow-up consisted of physical examination every
3–4 months for 1 year, then every 6 months. Morphological
follow-up was based on chest, abdomen and pelvis CT scan and
pelvic MRI (6 positron emission tomography-CT scan) every
6 months for 18 months, then annually. Pelvis CT and pelvic
MRI reports were reviewed to identify PIF, described as hypo-
intense line(s) surrounded by bone marrow oedema in any of
the pelvic bone on T2 or post-contrast T1 weighted fat-

Figure 1. An MR axial image demonstrating a pelvic insufficiency fracture: turbo spin-echo T2 weighted MR axial image (a) shows

hypointense undisplaced fracture of the sacral ala with heterogeneous signal of the bone marrow (white arrows); fat-suppressed T1

weighted contrast-enhanced axial image (B) depicts intense sacral enhancement indicating bone marrow oedema (black arrow)

and hypointense fracture line (black arrowhead).
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suppressed MRI sequences and as low density line(s), with or
without surrounding bone sclerosis on CT images (Figure 1).

Statistical analysis
The overall incidence of pelvic fractures following external beam
radiotherapy and the incidence of pelvic fractures by tumour site
(gynaecological or anal canal) were calculated.

Retrospective and/or prospective (in the more recent patients)
delineation of pelvic bones (right ilium and sacrum) was per-
formed in all patients (femoral heads were delineated at the time
of initial preparation). A dosimetric study was then performed
to compare patients with pelvic fracture with patients without
pelvic fracture. Data statistical analysis was performed using
GraphPad Prism v. 6.00, (GraphPad software, Inc., San Diego,
CA). The unpaired Mann–Whitney U test was performed to
compare continuous values, and the Fisher’s exact test allowed
us to analyze contingency tables. All statistical tests were two
sided, and p-values of 0.05 or less were considered to be sta-
tistically significant.

RESULTS
341 patients were included in this study, corresponding to 176
(52%) cases of cervical cancer, 111 (32%) cases of endometrial
cancer and 54 (16%) cases of anal cancer. Median follow-up was
38 months (range: 1–109 months).

The patient clinical characteristics are summarized in Table 1.
The median age was 61 years (range: 25–91 years). 257 (75%)
patients were postmenopausal at the time of diagnosis. Osteo-
porosis status was available for only 30 (9%) patients, 12 of
whom had documented osteoporosis. 81 (26%) patients were
smokers. 68 (20%) patients had received HRT for menopause
and 252 (74%) patients had received chemotherapy.

15 patients developed at least 1 PIF after external beam radio-
therapy, corresponding to an overall incidence of 4.4%. The
tumour and treatment characteristics of these patients are de-
scribed in Table 2. A total of 20 fractures were reported in
15 patients: 13 fractures of the sacrum, 3 fractures of the left
iliopubic ramus, 2 fractures of the left ischiopubic ramus, 1 fracture
of the right iliopubic ramus and 1 fracture of the right ischiopubic
ramus (Figure 2). The median time to fracture onset was
11 months (range: 3–66 months). Six of these patients were treated
for cervical cancer, four patients were treated for an endometrial
cancer and five patients were treated for anal cancer, corresponding
to incidence rates of 3%, 4% and 9%, respectively. The incidence of
pelvic fractures was not significantly higher in patients treated for
anal cancer than in patients treated for gynaecological cancer
(p5 0.07) (Figure 3). Age .50 years and postmenopausal status
were significantly associated with a higher rate of pelvic fractures
(p5 0.0274 and p5 0.0268, respectively). 11 patients had
symptomatic fractures with intense mechanical sacral pain and
5 patients were referred to the pain clinic and received World
Health Organization Step 3 analgesics.

Maximal doses at the site of the PIF for patients with a pelvic
fracture are shown in Table 2, and mean, maximum and min-
imum doses delivered to pelvic bones are shown in Tables 3

Table 1. Patient characteristics and pelvic insufficiency fracture
outcome according to them

Fracture(s)
p-value

No (%) Yes (%)

Primary

Cervix 170 (49.9) 6 (1.8)

0.1644Endometrial cancer 107 (31.4) 4 (1.2)

Anal 49 (14.4) 5 (1.5)

Age (years)

#50 86 (25.2) 0 (0)
0.0151

.50 240 (70.4) 15 (4.4)

BMI

,18 8 (2.3) 1 (0.3)

0.981518–25 190 (55.7) 9 (2.6)

$25 128 (37.5) 5 (1.5)

Diabetes

Yes 11 (3.2) 0 (0)

1No 314 (92.1) 15 (4.4)

Unknown 1 (0.3) 0 (0)

HT

Yes 76 (22.3) 5 (1.5)

0.3631No 249 (73.0) 10 (2.9)

Unknown 1 (0.3) 0 (0)

Postmenopausal

Yes 243 (71.3) 15 (4.4)
0.0265

No 83 (24.3) 0 (0)

Chemotherapy

Yes 240 (70.4) 12 (3.5)
0.7674

No 86 (25.2) 3 (0.9)

Hormonal substitute treatment

Yes 63 (18.5) 5 (1.5)

0.3217No 224 (65.7) 9 (2.6)

Unknown 39 (11.4) 1 (0.3)

Tobacco

Yes 85 (24.9) 3 (0.9)

0.5598No 168 (49.3) 11 (3.2)

Unknown 73 (21.4) 1 (0.3)

Osteoporosis

Yes 10 (2.9) 1 (0.3)

1No 18 (5.3) 1 (0.3)

Unknown 298 (87.4) 13 (3.8)

BMI, body mass index; HT, hypertension.
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and 4 for patients who were fracture free. The maximum dose
received by fracture sites in patients with a pelvic fracture
was significantly higher than the maximum dose received by
pelvic bones in patients who were fracture free (p5 0.045)
(Figure 4).

DISCUSSION
In this retrospective study, with a median follow-up of
38 months, the incidence of radiation-induced pelvic fractures
was 4.4%. 11 (73%) patients had symptomatic fractures and
4 (27%) patients had asymptomatic fractures (incidental finding on
imaging). The median follow-up of 38 months is considerably
longer than the median follow-up reported in other studies.8–11,17–19

Age and postmenopausal status were associated with a significantly
higher risk of radiation-induced fracture (p5 0.0151 and
p5 0.0265, respectively). Other studies have demonstrated an
association with HRT dose or low body mass index.11,19,20

In line with previous reports, the most commonly observed
fracture site was the sacrum, corresponding to the site of transfer
of forces from the vertebral column to the pelvis.20,21 The
morphology of stress fractures (either radiation induced or due
to bone insufficiency) is characteristic, with a generally sym-
metrical (H-shaped) appearance, with no mass effect.22 On
MRI, stress fractures present an easily recognizable oedema
signal in contrast to metastases that disorganize the bone and
form a real replacement tissue. Finally, radiation-induced frac-
tures are not associated with any invasion of adjacent soft

tissues, which is commonly observed in the case of metastases. It
is therefore essential to distinguish radiation-induced fractures
from metastases, which may require biopsies and initiation of
treatments such as chemotherapy. These two lesions can gen-
erally be distinguished by alternately performing pelvic CT and
MRI follow-up.9

The incidence of pelvic fractures was not significantly higher in
patients treated for anal cancer than in patients treated for
gynaecological cancer (p5 0.07), while Baxter et al7 reported
a higher risk of radiation-induced fracture after treatment for
anal cancer compared with gynaecological cancer.

Several articles have suggested a benefit of IMRT to spare bone and
consequently decrease the risk of fractures and haematological
toxicity.17,23,24 In contrast, Shih et al20 studied the incidence of
fracture after external beam radiotherapy for a gynaecological
cancer and did not observe any difference between patients treated
with conventional radiotherapy (four-field pelvic technique) and
those treated with IMRT (4.9% in both groups, p50.3).

In the present study, the maximum dose received by fracture
sites in patients with a pelvic fracture was significantly higher
than the maximum dose received by pelvic bones in patients
who were fracture free (p5 0.045). It can be noted that despite
a large population, the number of fractures reported is low. This
comparison is therefore based on a small number of cases and
must be confirmed on a larger number. To our knowledge, no
dosimetric study has demonstrated a pelvic bone dose constraint
that must be observed in order to significantly reduce the

Figure 2. Distribution of pelvic insufficiency fracture. Figure 3. Pelvic insufficiency fracture rates by tumour location.

Table 3. Dosimetric values of doses delivered to the pelvic bones in case of intensity-modulated radiation therapy (IMRT): IMRT for
gynaecological cancers

Bone/dose (Gy) Minimum Maximum Mean Median

Right femoral head 0.76 44.39 12.87 9.9

Left femoral head 0.75 43.73 12.89 10.3

Right iliac bone 0.4 54.13 21.34 22.59

Left iliac bone 0.5 55.75 22.19 24.35

Sacrum 0.8 55.23 28.76 35.06
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fracture risk. In our centre, we have defined an internal margin
of 3mm that we have called “bone—3mm”, based on con-
touring of the pelvic bones. This margin can be used to impose
a dose constraint to ensure that the planning target volume does
not extend beyond with this “planning target volume—3mm”

contour. Other factors, such as total dose (TD), fractionation
and duration of radiotherapy can also explain differences in
radiation-induced fracture rates. Oh et al,17 in a cohort of
557 patients treated for cervical cancer, reported a significant
difference in the radiation-induced fracture risk between
patients treated with a TD,50.4Gy and those treated with a TD
$50.4 Gy (2.1% vs 21.7%, respectively; p5 0.005).

The osteoporosis status was available for only 9% of patients,
although osteoporosis constitutes the leading risk factor for
bone insufficiency fractures.25 Bone density can be estimated by
performing Hounsfield unit measurements on CT scans.26

Uezono et al19 demonstrated a relationship between low bone
density and increased fracture risk.

Diabetes has been reported to be possibly associated with an
increased fracture risk, but such an association was not observed
in our series.27,28 Osteomalacia, hyperparathyroidism, chronic
renal failure and long-term corticosteroid therapy are also major
fracture risk factors, but were not assessed in the present series.29

Similarly, the association between the occurrence of a fracture
and smoking is not correlated in this study; but, smoking is
a recognized factor for osteopenia.30

Although concomitant chemotherapy increases the toxicity of
radiotherapy, its negative impact on pelvic fractures was not
highlighted in this study.31 Likewise, a study on 510 patients
treated with pelvic radiotherapy for gynaecological cancer failed
to demonstrate an excess fracture risk for patients who had also
received chemotherapy.9

This study confirms that radiation-induced fractures can occur
early (during the first months after treatment) or late (several
years after treatment) and are difficult to predict.32,33

The effects of radiotherapy on bone tissues are both
direct and indirect, mediated by vascular changes.8,9,34

Following radiotherapy, the reduction of the number of
osteoblasts induces a reduction of collagen production and
decreased alkaline phosphatase activity, key mechanisms
involved in bone mineralization. Radiation-induced occlu-
sion of bone microvascularization also results in ischaemia,
which participates in the formation of insufficiency
fractures.35

Radiation-induced fractures generally require symptomatic
management by Steps 1 (nonsteroidal anti-inflammatory drugs
(NSAIDs), paracetamol) or 2 (weak opioids) analgesics and
rest.11,36–41 In some cases, pain control requires specialized
management and/or hospitalization.11,12

The management of osteoporosis is particularly important
in these patients who are postmenopausal treated with
radiotherapy. Bone densitometry for the detection of osteo-
penia or osteoporosis prior to radiotherapy would be useful
to prevent this excess fracture risk by initiating HRT.
Phosphorus–calcium deficiency could also be systematically
investigated and treated (vitamin D, calcium supplement) in
these patients.

CONCLUSION
The incidence of pelvic fracture after IMRT is low, but is higher
after the age of 50 and in patients who are postmenopausal. Pre-
treatment evaluation of bone density by bone densitometry and
phosphorus–calcium assessment could be useful prior to the
management of these patients.

Table 4. Dosimetric values of doses delivered to the pelvic bones in case of intensity-modulated radiation therapy (IMRT): IMRT for
cancers of the anal canal

Bone/dose (Gy) Minimum Maximum Mean Median

Right femoral head 0.10 42.30 8.13 7.42

Left femoral head 0.10 40.55 8.19 7.57

Right iliac bone 0.02 46.95 13.93 19.06

Left iliac bone 0.02 46.46 14.07 18.86

Sacrum 0.025 47.38 18.33 31.66

Figure 4. Comparison of the maximum dose between patients

with fractures and patients who are fracture free.
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