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Purpose: To investigate pelvic insufficiency fractures (IF) after definitive pelvic radiation
therapy for early-stage uterine cervical cancer, by analyzing subjects of a prospective, multi-
institutional study.

Materials and Methods: Between September 2004 and July 2007, 59 eligible patients were
analyzed. The median age was 73 years (range, 37-84 years). The International Federation of
Gynecologic Oncology and Obstetrics stages were Ibl in 35, Ila in 12, and IIb in 12 patients.
Patients were treated with the constant method, which consisted of whole-pelvic external-beam
radiation therapy of 50 Gy/25 fractions and high-dose-rate intracavitary brachytherapy of 24 Gy/
4 fractions without chemotherapy. After radiation therapy the patients were evaluated by both
pelvic CT and pelvic MRI at 3, 6, 12, 18, and 24 months. Diagnosis of IF was made when
the patients had both CT and MRI findings, neither recurrent tumor lesions nor traumatic histo-
ries. The CT findings of IF were defined as fracture lines or sclerotic linear changes in the bones,
and MRI findings of IF were defined as signal intensity changes in the bones, both on T1- and
T2-weighted images.

- Results: The median follow-up was 24 months. The 2-year pelvic IF cumulative occurrence rate

was 36.9% (21 patients). Using Common Terminology Criteria for Adverse Events version 3.0,
grade 1, 2, and 3 IF were seen in 12 (21%), 6 (10%), and 3 patients (5%), respectively. Sixteen
patients had multiple fractures, so IF were identified at 44 sites. The pelvic IF were frequently
seen at the sacroileal joints (32 sites, 72%). Nine patients complained of pain. All patients’ pains
were palliated by rest or non-narcotic analgesic drugs. Higher age (>70 years) and low body
weight (<50 kg) were thought to be risk factors for pelvic IF (P=.007 and P=.013, Cox hazard

test).

Conclusions: Cervical cancer patients with higher age and low body
for the development of pelvic IF after pelvic radiation therapy::© 2012 Elsevier Inc.

veight may be at some risk

Introduction

Insufficiency fractures (IF) are a type of stress fracture, occurring
after normal or physiologic stress on bone with decreased
mineralization and elastic resistance (1). Insufficiency fractures of
the pelvic bones are thought to be associated with postmenopausal
or corticosteroid-induced osteoporosis (1, 2). Pelvic radiation
therapy (RT) also can affect the development of pelvic IF,
although the precise pathogenesis is as yet unclear (1. 2).
Although some investigators (3-5) have reported that pelvic IF are
an uncommon adverse event in irradiated patients with gyneco-
logic cancer, others (6-10) have reported that radiation-induced
pelvic IF were frequently observed in women after RT. It seems
that the precise incidence of IF is unclear. The findings on
conventional radiographs are usually subtle (2, 10) and may be
misleading. The fractures usually show increased uptake on
radionuclide bone scans. A pattern of increased uptake in the body
of the sacrum and in one or both sacrum alae (1, 2, 11) is indic-
ative of a fracture, but increased uptake may also be present in
metastases and sacroiliac joint osteoarthritis (12). The importance
of understanding a pelvic IF lies in the potential for its misdiag-
nosis as bony metastases. Computed tomography (CT) is capable
of displaying fracture lines and/or sclerotic changes associated
with IF (8, 9, 11), whereas magnetic resonance imaging (MRI) is
highly sensitive for revealing the reactive bone marrow changes
associated with IF (9, 13). ,

Not only for unresectable locally advanced stages, RT has played
an important role in the treatment of early-stage cervical cancer.
Originally, to determine the efficacy of definitive RT using high-dose-
rate intracavitary brachytherapy (HDR-ICBT) with a low cumulative
dose schedule in nonbulky early-stage cervical cancer patients, we
conducted a prospective multi-institutional study (JAROGO0401/
JROSGO04-2) (14). Two-year pelvic disease progression-free rate
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was the primary endpoint, and late complication including IF was one
of the secondary endpoints in the study (14). At first, IF was evaluated
by only symptomatic features. However, we noticed that some
follow-up imaging features after RT had shown IF of pelvic bones in
several asymptomatic patients. Therefore, we planned this additional
study to assess pelvic IF by adding a minute imaging evaluation
prospectively, without changing the schedule and methods of the
follow-up CT and MRI in the protocol.

The purpose of this study was to investigate the incidence of
radiation-induced pelvic IF using CT and MRI and to investigate
the risk factors-and radiation doses associated with IF, as well as
the distribution of IF sites among patients with this complication.
In our study, patients were treated with the constant RT method
described in the protocol and followed with CT and MRI regularly.
To our knowledge, this is the first multi-institutional prospective
analysis on IF.

Methods and Materials
Patient eligibility criteria

The women enrolled in these analyses were a group of patients with
cervical carcinoma who were treated with a protocol JAROG0401/
JROSGO04-2) (14). Eligible patients had histologically proven
squamous cell carcinoma of the intact uterine cervix with Inter-
national Federation of Gynecologic Oncology and Obstetrics
(FIGO) stage Ibl/Ia/IIb disease and were aged 20-80 years. A
complete physical examination, pelvic examination performed
without anesthesia, and chest X-ray were required to determine the
clinical stage. Patients were required to have cervical tumors <40
mm in diameter as assessed by T2-weighted MRI and negative
pelvic and paraortic lymph nodes (< 10 mm in shortest diameter) as
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determined by CT. All patients were required to give their written
informed consent.

Treatment

The treatment protocol has been described in detail previously
(14). The treatment protocol consists of a combination of external-
bearn radiation therapy (EBRT) and HDR-ICBT. Interstitial bra-
chytherapy and chemotherapy were not allowed. External-beam
radiation therapy was delivered to a total dose of 50 Gy in 25
fractions over 5-6 weeks. The early part with 20 Gy was delivered
to the whole pelvis. After that, 30 Gy was administered through
the same whole-pelvic field with a midline block (MB) of 3- to 4-
cm width. The MB was formed with multileaf collimators or
custom cerrobend block. The first HDR-ICBT was performed
within 10 days after the initial 20 Gy of EBRT. Treatment was to
be completed within 56 days.

All patients were treated with a photon beam of 10 MV or
greater. Both anteroposterior/posteroanterior (AP/PA) and
a 4-field technique were allowed. In cases in which the 4-field
technique was used, the portal arrangement was changed to the
AP/PA technique after the insertion of the MB. Tissue heteroge-
neity correction was not used in the dose calculation. The upper
border of the pelvic field was L4/5, and the lower border was
a transverse line below the obturator foramen. The lateral borders
of the AP/PA fields were 1-2 cm beyond the lateral margins of the
bony pelvis. For the lateral fields, the anterior border was placed at
a horizontal line drawn 1 cm anterior to the symphysis pubis
anteriorly and a vertical line at the posterior border of the sacrum
posteriorly. The upper and lower borders were the same as the AP/
PA fields. The fields were shaped to shield normal tissues using
a custom block or multileaf collimators. Prophylactic paraortic RT
was not allowed.

High-dose-rate intracavitary brachytherapy using a tandem and
2 ovoids was performed once per week giving 24 Gy to point A in
4 fractions with '"?Ir afterloading machines.

Evaluation

After RT the patients were evaluated by both pelvic CT and pelvic
MRI at 3, 6, 12, 18, and 24 months. Diagnosis of IF was made
when the patients had positive findings on both CT and MRI,
without recurrent tumor lesions or traumatic histories. Computed
tomography findings of IF were defined as fracture lines or
sclerotic linear changes in the bones, and MRI findings of IF were
defined as signal intensity changes in the bones of >5 mm both on
T1 and T2-weighted images (Fig. 1). All CT and MR images were
evaluated together by 4 investigators. The cumulative occurrence
rate of IF was calculated by the Kaplan-Meier method. Risk
factors that could affect the incidence of IF (age, stage, body
weight, simulation, beam technique, energy of X-ray, and location
of facilities) were assessed by log-rank test and Cox hazard test.
Statistical analyses were performed with SPSS 16.0 (SPSS,
Chicago, IL).

The patients were also evaluated by CTCAE (Common
Terminology Criteria for Adverse Events) version 3.0 every 3
months from 3-30 months. Clinical characteristics, including sites
of IF and doses administered to IF lesions, were identified by
a review of the medical records and imaging studies of the
participating facilities, including isodose curves of pelvic RT.
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The study was approved by the Protocol Review Committee of
our study group and the local institutional review board of
participating institutions.

Results
Patients

Between September 2004 and July 2007, 60 patients were enrolled
from 13 institutions. One patient was considered ineligible,
leaving 59 patients in the final patient cohort.

The median age was 73 years (range, 37-84 years). The eligible
patients had squamous cell carcinoma of the uterine cervix, and
the FIGO stages were Ibl in 35, Ila in 12, and IIb in 12 patients.
No patients had pelvic/paraortic lymphadenopathy. The median
follow-up was 24 months. '

Incidents and clinical characteristics of IF

A total of 21 patients were diagnosed with IF after RT. The 2-year
overall cumulative incidence of both symptomatic and asymp-
tomatic IF was 36.9% (Fig. 2). On CTCAE version 3.0, grade 1, 2,
and 3 were seen in 12 (21.4%), 6 (10.2%), and 3 patients (5.3%),
respectively. -

On univariate analysis by log test, age >70 years
(P=.004) and body weight <50 kg (P=.007) were thought to be
risk factors of pelvic IF. Multivariate analysis by Cox hazard test
showed that age >70 years (P=.007) and body weight <50 kg
(P=.013) were significant predisposing factors for developing IF
(Table).

The cumulative incidence of symptomatic IF at 2 years was
16.1% (9 patients) in all patients (Fig. 2). Nine patients com-
plained of pelvic or back pain. The pain was palliated by rest or
non-narcotic analgesic drugs in all 9 cases, and no patients
required surgical intervention. Sixteen patients had multiple
fractures, so the pelvic IF was identified at 44 sites. The symp-
tomatic patients had from 1-4 IF sites (mean 2.7 sites), and the
asymptomatic patients had 1 or 2 IF sites (mean 1.7 sites). The
pelvic IF was seen at the sacroileal (SI) joints (32 sites, 72%),
pubis (9 sites, 20%), acetabula (2 sites, 4%), and lumbar spine (1
site, 2%) (Fig. 3).

The external-beam doses of all 44 IF sites were calculated
from the isodose curves. It was estimated that the median dose
was 49 Gy and the mean dose was 46 Gy (range, 23-50 Gy). The
doses of 38 IF sites (86%) were estimated at >45 Gy.

Discussion

Insufficiency fractures occur most often in elderly women with
postmenopausal osteoporosis (2). Other predisposing factors
include rheumatoid arthritis, corticosteroid therapy, heparin use,
diabetes mellitus, low body weight, current smoking, and RT (15).
Fu et al (16) reported that the incidence of IF increased when the
dose was above the threshold of 45 Gy. However, there have been
no tolerance dose data for IF. In conventional pelvic RT, the
irradiated dose of the pelvic bone is vsually 45-50 Gy, and the
development of IF after pelvic RT at this level has been considered
a rare complication (3-5).
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Pre RT
Fig. 1.

However, several recent studies (6-10) showed that the inci-
dence of IF after pelvic RT might have been underestimated in
gynecologic patients. Among these studies, the cumulative inci-
dence of symptomatic IF at 2 years was 11.1%-14.9%, and that at
5 years was 8.2%-17.9%. In our series the cumulative incidence of
IF was 36.9% at 2 years in all patients and 16.1% in symptomatic
patients. The results of this study showed a relatively higher
incidence of IF compared with previously reported data (2-10);
however, the rate of occurrence of symptomatic IF was in accor-
dance with other recent studies (6-10). In their prospective MRI
study, Blomlie et al (13) reported that 89% of patients (16 of 18)
had findings compatible with IF after pelvic RT. They showed that
signal changes of MRI in pelvic bones were seen until 24 months
after the end of RT, and 56% of patients (10 of 18) complained of
pelvic pain. Abe et al (11) showed a 34% incidence of IF after
pelvic RT using bone scintigraphy. We performed CT and MRI
during the follow-up at least 2 times per year, so as to detect
asymptomatic patients (12 of 21, 57.1%) with IF.
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0.8 -
9.7
0.8
0.5 ¢
04 -
03¢
0.2+

2 yr cumulative incidence
overallIF : 36.9%
symptomatic IF : 16.1%
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Fig. 2.  Graph shows the overall incidence of both symptomatic

and asymptomatic insufficiency fractures (IF) (thick line) and the
incidence of symptomatic insufficiency fractures (thin line) after
pelvic radiotherapy for cervical cancer.
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After 24 M

Pelvic MRI shows low signal intensity in both sacroiliac joints (b) after radiotherapy (RT). Pelvic bone window CT shows (d)
cortical fractures and sclerotic changes in the bilateral sacroiliac joints. M

month.

The characteristics of irradiated p
dence of IF. As revealed in our stud
pelvic RT are more susceptible to th
study the incidence of IF at 2 years in d >70 years was
52.8%, almost all the patients were elderly’ i miedian age was 73
years), and all but 4 of the patients were postmenopausal. In the
study by Ogino et al (6) all IF patients were postmenopausal,
whereas in the study by Baxter et al (8) some of the patients were
aged >65 years.

Our study showed that the SI joints. are the most commonly
involved site of pelvic IF, which agrees with:the reports of several
previous investigators (7, 9, 10). In our study most fractures were
located at the SI joints; a solitary pubic bone fracture was seen in
only | patient, and solitary acetabulum fracture was not seen.
These findings indicated that initial mechanical failure of the
sacrum causes other subsequent pelvic bone fracture (10, 13).

As has been reported by many investigators (2, 4, 6, 7, 13), our
study showed that the symptoms of al ents were resolved after
conservative management based on ai s and rest. The extent
of the lesions may correlate with the severity of symptoms. In the
series reported by Blomlie et al (13), all patients without pain had
smaller lesions (<1 cm?) on MRI, and it'was suggested that small
fractures might not be painful. In our study symptomatic patients
were more likely to have IF at multi of pelvic bone (mean
2.7 sites) than asymptomatic patient 1.7 sites).

The risk factors of osteoporosisare closely correlated with
the development of IF (3, 6). Blomlie et'al (13) showed that 95%
of patients with IF reported in the-‘literature were post-
menopausal women. Ikushima et al (7) réported that the mean
age of patients who developed IF was significantly higher than
that of other patients (69 years vs 59 years, P<.01). Ogino et al
(6) showed that low body weight (<49 kg) and more than 3
deliveries were significant factors for the development of
symptomatic IF. In our study, both low body weight (<50 kg)
and older age (>70 years) were significant predisposing factors
for IF in multivariate analysis. Many medical illnesses or
medications, such as rheumatoid arthritis, hyperthyroidism, and
corticosteroids, are also reported as risk factors for osteoporosis.

at affect the inci-
vatients receiving
ent of IF. In our
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In our study, no patients had a history of either rheumatoid
arthritis or hyperth i

dose. In our study, both the 4-field box
A parallel opposing technique were used.
In the 4-field box ue, lateral portals could spare the irra-
diated volume of .the $niall bowel and rectum and also spare the
irradiated volume of the posterior portion of the sacrum and SI
joints. Oh et al (9) reported that the incidence of IF was higher in
patients receiving the AP/PA technique than in those receiving the
4-field box technique in univariate analysis. In our study there was
no significant difference between the 2 techniques. However, in
our study these techniques differed only until 20 Gy of EBRT, and
the following 30 Gy of EBRT was administered through the same
whole-pelvic field with MB.

Patients who received a higher irradiated dose to the pelvic
bone had a greater risk of IF. In our study the external-beam doses
of all 44 IF sites were estimated to have a median dose of 49 Gy,
and the doses of 38 IF sites (86%) were estimated at >45 Gy.
There might be a threshold dose for IF at approximately 45 Gy, as
reported by Fu et al (16). Oh et al (9) reported that the risk factors
of IF were receiving a higher dose (>50.4 Gy) and receiving
curative RT. In our study all patients received 50 Gy by EBRT and
received an additional dose of HDR-ICBT. Fu et al (16) calculated
the contribution of the brachytherapy dose to the pelvic bone and
estimated it to be approximately 10% of the central brachytherapy
dose. It was uncertain whether this small additional dose of HDR-
ICBT to the pelvic bones was one of the causes of the higher
occurrence of IF in our study.

Concurrent chemoradiation therapy is used frequently in
gynecologic cancer for increasing tumor control, but it is well

with irradiated vol
technique and the 2
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Fig. 3. Schematic shows the distribution of insufficiency frac-
tures in our study population. Some patients had multiple
fractures.

known that it also increases radiation toxicity. Thus many inves-
tigators have thought that combination therapy with radiation and
chemotherapy might increase the risk of IF, but there have been
few studies to evaluate this (17). Jenkins et al (17) reported that
combined treatment with radiation and chemotherapy might
predispose to pelvic fracture in patients with cervical cancer.

Oh et al (9) suggested 2 approaches to reduce the risk of IF. The
first approach is to improve the osseous environment by treatment
of osteoporosis, and the second approach is to reduce radiation
toxicity (9). Sambrook et al (18) reported that bisphosphonate has
been used as an effective agent for treatment of osteoporosis, and
Guise et al (19) reported that it has also been shown to be effective
to reduce cancer-induced bone loss. Further study is required to
determine whether it can reduce the risk of IF in patients with
high-risk factors such as older age and lower body weight.

The irradiated volume and dose to the sacrum and SI joints
might correlate with the risk of IF. Ogino et al (6) suggested that
a multibeam arrangement by CT planning could shield the posterior
portion of the sacrum and SI joints without inadequate coverage of
the target volume. Intensity modulated radiation therapy (IMRT)
can reduce the irradiated dose and volume of normal tissue (20). It
may be difficult to achieve significant sparing to reduce the risk of
IF because of its proximity to the target volume; however, bone-
sparing IMRT may reduce the radiation dose to the pelvic bones
and result in a decrease in the occurrence of IF.

There were some limitations to our study. First, we could not
evaluate the presence and severity of osteoporosis in patients
before treatment. This might have led to under- or overestimation
of the true prevalence of pelvic IF.

Second, we did not obtain a short-time-inversion-recovery
(STIR) sequence on MRI. Blomlie et al (13) reported that STIR
imaging may be the best sequence for visualizing insufficiency
fractures, but we did not use this technique because STIR imaging
does not provide good contrast between gynecologic organs and
the surrounding tissues.

Third, there is no histologic proof that a pelvic IF is indeed just
that and not a pathologic fracture within a metastatic or other bone
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lesion. However, many investigators (10-13) have emphasized that
an appropriate reading of CT, MRI, and/or bone scan is able to
definitively diagnose IF. And some investigators (10) have reported
that biopsy of a lesion is not recommended because of the high
probability of fracture and low diagnostic efficiency.

In conclusion, the development of IF is not a rare complication
of standard pelvic RT for cervical cancer, especially in elderly
women with low body weight. If patients complain of pelvic pain
after pelvic RT for gynecologic malignancies, pelvic IF must be
considered in the differential diagnosis. The symptoms of most
patients are resolved after conservative management based on
analgesics and rest. Knowledge of the IF is useful to rule out bone
metastases and thus avoid inappropriate treatment. We plan to
conduct a further prospective study in such patients to evaluate
whether treatment of osteoporosis using bisphosphonate or
sparing bones by using IMRT can decrease the risk of develop-
ment of IF.
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