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Abstract
Purpose—Sacral insufficiency (SI) fractures can occur as a late side effect of pelvic radiation
therapy. Our goal was to determine the incidence, risk factors, and clinical course of SI fractures
in patients treated with preoperative chemoradiation for rectal cancer.

Materials and Methods—Between 1989 and 2004, 562 patients with non-metastatic rectal
adenocarcinoma were treated with preoperative chemoradiation followed by mesorectal excision.
The median radiotherapy dose was 45 Gy. The hospital records and radiology reports of these
patients were reviewed to identify those with pelvic fractures. Radiology images of patients with
pelvic fractures were then reviewed to identify those with SI fractures.

Results—Among the 562 patients, 15 had SI fractures. The 3-year actuarial rate of SI fractures
was 3.1%. The median time to SI fractures was 17 months (range, 2–34 months). The risk of SI
fractures was significantly higher in women compared to men (5.8% vs. 1.6%, p = 0.014), and in
whites compared with non-whites (4% vs. 0%, p = 0.037). On multivariate analysis, gender
independently predicted for the risk of SI fractures (hazard ratio, 3.25; p = 0.031). Documentation
about the presence or absence of pain was available for 13 patients; of these 7 (54%) had
symptoms requiring pain medications. The median duration of pain was 22 months. No patient
required hospitalization or invasive intervention for pain control.

Conclusions—SI fractures were uncommon in patients treated with preoperative
chemoradiation for rectal cancer. The risk of SI fractures was significantly higher in women. Most
cases of SI fractures can be managed conservatively with pain medications.
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INTRODUCTION
Randomized trials have shown that adjuvant chemoradiation increases local control in
patients with Stage II and III rectal cancer (1-4). More recently, a randomized trial showed
that preoperative chemoradiation reduces local recurrence and toxicity compared with
postoperative chemoradiation (5). Based on these trials, preoperative and postoperative
chemoradiation are being commonly used for rectal cancer. However, pelvic radiotherapy
for rectal cancer can result in a number of acute and late toxicities. The widespread use of
radiotherapy for rectal cancer accentuates the importance of understanding these toxicities.

Sacral insufficiency fractures are uncommon late complications of pelvic radiotherapy that
can cause significant morbidity (6-14). Although many studies have investigated
insufficiency fractures after radiotherapy for gynecologic malignancies, the incidence and
clinical course of insufficiency fractures in rectal cancer patients have not been well
characterized. Hence, the goal of this study was to evaluate the incidence, risk factors, and
clinical course of sacral insufficiency fractures among 562 patients treated with preoperative
chemoradiation and mesorectal excision for rectal cancer.

MATERIALS AND METHODS
Patient selection

Between November 1989 and July 2004, 562 patients with newly diagnosed rectal
adenocarcinoma (located ≤12 cm from the anal verge) and no evidence of distant metastasis
received preoperative radiotherapy and concurrent chemotherapy followed by mesorectal
excision at the University of Texas M. D. Anderson Cancer Center. The hospital, radiation
oncology, and diagnostic radiology records of these patients were reviewed for this study.
The University of Texas M. D. Anderson Institutional Review Board approved this study.

Patient characteristics and treatment
The patient, tumor, and treatment characteristics of these 562 patients have been reported
previously (15). The clinical tumor classification, based on endoscopic ultrasound and/or
computed tomography (CT) scan, was T2 in 31 patients (6%), T3 in 474 patients (84%), T4
in 49 patients (9%), and unknown in 8 patients (1%) (Table 1) (16). The clinical lymph node
classification was N0 in 248 patients (44%), N1 in 301 patients (54%), N2 in 4 patients
(1%), and unknown in 9 patients (2%).

All patients received preoperative radiation therapy with concurrent chemotherapy, followed
by mesorectal excision. Of the 562 patients, 548 (98%) were treated with a three-field
technique (one posterior field and two lateral fields) and an open tabletop (belly board)
device for bowel exclusion. Radiation therapy was delivered in 1.8-Gy fractions, Monday
through Friday, typically over 5 or 6 weeks, using 15–18 MV photons and customized
blocking. The median dose of radiotherapy was 45 Gy (range, 19.8–58.6 Gy). A radiation
dose of at least 45 Gy was administered to 555 (99%) patients, of whom 363 (65%) received
a dose of exactly 45 Gy and 192 (34%) received a dose of 45 Gy, as well as a sequential or
concurrent boost (5.4–7.5 Gy in most cases). Concurrent chemotherapy was given with
continuous infusional 5-fluorouracil to 430 patients (77%) at a median dose of 300 mg/m2

(range, 250–300 mg/m2) administered Monday through Friday. Concurrent chemotherapy
was given with capecitabine to 114 patients (20%) at a median dose of 1650 mg/m2 per day
(range, 1,050–2,000 mg/m2/day) typically Monday through Friday. Concurrent
chemotherapy was given with uracil and Tegafur to 9 patients (2%) and with other
fluoropyrimidine-based regimens to 9 patients (2%). The surgical procedures included low
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anterior resection in 234 (42%) patients, proctectomy with coloanal anastomosis in 140
(25%) patients, abdominoperineal resection in 161 (29%) patients, pelvic exenteration in 22
(4%) patients, and other procedures in 5 (1%) patients.

Patients were scheduled for follow-up visits every 3 to 4 months for the first 2 years, every 6
months for up to 5 years, and annually thereafter with a medical oncologist, surgical
oncologist, or radiation oncologist. For most patients, follow-up evaluations included
abdomen and pelvic CT scans at least every 6 months for the first 2 years and every year
thereafter. Patients underwent a median of seven follow-up pelvic CT scans, and 74% of
patients had at least four follow-up pelvic CT scans. The median follow-up time was 49
months (range, 0–188 months).

Identification of insufficiency fractures
Radiology reports and clinical follow-up notes were carefully reviewed for all 562 patients
to identify those with possible fractures in any pelvic site. For patients with suspected pelvic
fracture, the CT scans were reviewed by an attending radiologist (P.R.B.) to identify the
type of fracture and the earliest date at which imaging studies showed evidence of a fracture.
The hospital records of patients with identified sacral insufficiency fractures were then
further reviewed, with particular attention to history, reported symptoms, pain medications,
invasive procedures, and other pertinent medical information.

Statistical analysis
The cumulative incidence of sacral insufficiency fracture was estimated by Kaplan-Meier
methods (17). Log–rank tests were performed to identify significant univariate predictors of
sacral insufficiency fracture risk. The following potential predictors were evaluated: age,
race, gender, and radiation dose. Cox proportional hazards regression analysis was then used
to identify significant multivariate predictors of sacral insufficiency fracture risk. A
backward selection process was used, and all variables that were significant on the
univariate analysis were entered into the multivariate model. A p value of <0.05 was
considered significant.

RESULTS
Incidence and risk factors

Among the 562 patients, 15 developed sacral insufficiency fractures. The estimated 3-year
actuarial rate of sacral insufficiency fractures was 3.1% (Fig. 1). The median time to sacral
insufficiency fractures was 17 months (range, 2–34 months). Five patients had pubic
fractures associated with sacral insufficiency fractures, an association that has been reported
previously (18,19). Only 1 patient developed avascular necrosis of the femur, and no
patients developed a femoral neck fracture.

The risk of sacral insufficiency fractures was significantly higher in women compared with
men (p = 0.014), and in whites compared with non-whites (p = 0.037), on univariate analysis
(Table 2). The risk of sacral insufficiency fractures was not significantly associated with age
(p = 0.418) or radiotherapy dose (p = 0.143), although the incidence of fracture was
numerically higher in patients with age ≥60 years and in patients treated with radiation dose
>45 Gy (Table 2). On multivariate analysis, gender was the only factor that independently
predicted for the risk of sacral insufficiency fractures (p = 0.031), with a hazard ratio of 3.25
(95% confidence interval, 1.11–9.51). On multivariate analysis, race was not significantly
associated with the risk of sacral insufficiency fractures (p = 0.959).
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Clinical course
Information regarding symptoms and management was available for 13 of the 15 patients
with sacral insufficiency fractures. Of these 13 patients, 7 (54 %) required pain medications,
including narcotic pain medications in 5 patients, 1 had pain not requiring medications, and
5 had no reported pain. Among patients that reported pain, the median duration of pain was
22 months. No patient required hospitalization, operative procedures, or other interventional
procedures for pain control. Two patients underwent treatment with bisphosphonates.

DISCUSSION
We have here reported the first study to systematically characterize the incidence, risk
factors, and clinical course of sacral insufficiency fractures in patients treated with
chemoradiation for rectal cancer. The risk of developing sacral insufficiency fractures was
relatively low, although the risk was higher in women compared with men and in whites
compared with non-whites. Although pain symptoms could last for several months, patients
could be managed conservatively with pain medications.

The widespread use of radiotherapy for rectal cancer makes it very important for clinicians
to understand the presenting features and clinical course of sacral insufficiency fractures.
Although sacral insufficiency fractures are relatively uncommon, these can cause
considerable morbidity and need to be treated appropriately. The most common presenting
symptom is pain that is typically severe and acute in onset, although more indolent onsets
have also been described (20,21). The pain can be localized to the low back, pelvis, or
abdomen, and accompanied by hip, buttock, or thigh pain (22). Radicular symptoms can be
present in a minority of patients. Blood tests are notable only for a mild elevation in serum
alkaline phosphatase levels (23). Unfortunately, patients with sacral insufficiency fractures
often face missed or delayed diagnosis. In patients with rectal cancer, sacral insufficiency
fractures can mimic pelvic recurrences in their presentation, often prompting further
evaluation which can be very stressful to patients.

Imaging studies can help differentiate insufficiency fractures from recurrences, thus
obviating the need for biopsies and other interventions. Plain radiographs of the pelvis can
show sclerotic bands, cortical disruption, and fracture lines in the sacral ala. However, subtle
findings are not usually identifiable or diagnostic on plain films. Bone scintigraphy can
reveal the classic butterfly shaped or “H” pattern, which is produced when there are
fractures of both sacral alae and a horizontal component involving the sacral body, although
other patterns can also be seen (24). Characteristic findings on CT scans include fracture
lines or sclerotic lines within the sacral ala or areas of sclerosis within the sacral ala parallel
to the sacroiliac joints (Fig. 2). Frequently, there is disruption of the anterior cortex of the
sacral ala with associated displacement of the fracture fragment. In the setting of an
insufficiency fracture, the remainder of the bony trabeculae is intact, rather than destroyed
by a space-occupying lesion, as in the case of a malignancy. On magnetic resonance
imaging, presence of a fracture line on T1-weighted images and high signal intensity parallel
to the sacroiliac joints on T2-weighted images are virtually diagnostic of insufficiency
fractures. On diffusion-weighted magnetic resonance, an insufficiency fracture appears low
in signal because of the bony sclerosis around fracture lines, whereas a pathologic fracture
can show high signal intensity (25). In contrast, positron emission tomography with
fluorodeoxyglucose is nonspecific and can show increased activity in tumors as well as
insufficiency fractures.

The incidence of sacral insufficiency fractures among the general population remains
unknown (26). Weber et al. reported that the incidence of sacral insufficiency fractures was
1.8% among women older than 55 admitted to the rheumatology department at a hospital in
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Switzerland (27). The baseline incidence of sacral insufficiency fractures among the general
population is likely to be much lower than that in the selected population studied by Weber
et al. Although the patients in our study had a certain baseline risk of sacral insufficiency
fractures even without radiotherapy, we believe that the insufficiency fractures could be
predominantly attributed to radiotherapy, especially because this study included both
genders and had relatively young patients.

Many previous studies have investigated pelvic fractures after radiotherapy. Using the
Surveillance, Epidemiology, and End Results/Medicare database, Baxter et al. reported that
elderly women (age ≥65 years) who underwent radiotherapy had a higher risk of pelvic
fracture than women who did not undergo radiotherapy (28). The cumulative 5-year fracture
rates were 14%, 8.2%, and 11.2%, respectively, in women with anal, cervical, and rectal
cancer who underwent radiotherapy, whereas the rates were 7.5%, 5.9%, and 8.7%,
respectively, in women with anal, cervical, and rectal cancer who did not undergo
radiotherapy. In the study by Baxter et al., hip fractures constituted 90% of the pelvic
fractures (28). In contrast, none of the patients in our study was found to have a femoral
neck fracture. The risk of developing a femoral neck fracture is likely associated with the
use of groin irradiation, which was not administered to any of the patients in this study (29).
Moreover, the median age was nearly 58 years, and women represented only 37% of
patients in this study; these demographic characteristics may also explain the lack of femoral
fractures in our study. The study by Baxter et al. did not specifically discuss insufficiency
fractures; the Surveillance, Epidemiology, and End Results/Medicare database may not have
had sufficiently detailed information to identify insufficiency fractures.

A number of previous studies have investigated pelvic insufficiency fractures after
radiotherapy for cervical and other gynecologic malignancies, whereas some case reports
have described insufficiency fractures after radiotherapy for rectal cancer (6-14).Oh et al.
and Ogino et al. have reported that older age, lower body weight, and higher radiotherapy
dose are associated with a higher risk of pelvic insufficiency fractures (6,8). In our study,
older patients and patients treated with higher radiotherapy dose had numerically higher
rates of insufficiency fractures, but the differences were not statistically significant. Three
studies from Japan and Korea have reported that the cumulative incidence of insufficiency
fractures in patients treated with radiotherapy for gynecologic cancers was 11.4%, 17%, and
19.7% (6,8,13). In contrast, the 3-year actuarial incidence of sacral insufficiency fractures
was only 3.1% among all patients and 5.8% among women in the present study. Differences
in patient characteristics, such as age, body weight, and ethnicity, and differences in
treatment parameters, such as radiotherapy dose and technique, could have contributed to
the difference in incidence of insufficiency fractures. However, the clinical course of sacral
insufficiency fractures in our study is similar to that reported in patients with gynecologic
cancers(6-8,13,14).

As with all retrospective studies, there are some limitations in our findings. Complete
follow-up information was not available for all patients. Imaging studies were reviewed only
in patients with known pelvic fractures and not on all 562 patients in the study, although
radiology reports and medical records were reviewed in detail for all patients. The study was
restricted to medical records at M. D. Anderson Cancer Center, and could have potentially
left out sacral insufficiency fractures identified at other institutions. However, the majority
of patients had prolonged follow-up at M.D. Anderson; hence, it is unlikely that this study
significantly underestimated the risk of sacral insufficiency fractures. We did not have
adequate information to evaluate the impact of certain potential predictors, such as body
weight. Finally, because this is a retrospective study, it is difficult to draw firm conclusions
regarding the clinical course of these patients.
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Many opportunities exist for further studies on sacral insufficiency fractures. For example,
investigations could be conducted on whether bone mineral density tests can predict which
patients are most likely to develop insufficiency fractures. Studies could be conducted on
whether medications such as bisphosphonates could reduce the risk of sacral insufficiency
fractures among high-risk groups, such as white women. However, the low rate of
insufficiency fractures makes it difficult to design and conduct such studies. A case report
has suggested that pentoxifylline can cause clinical improvement of sacral insufficiency
fracture (30). A new therapeutic intervention, sacroplasty, has been developed recently to
treat sacral insufficiency fracture (31,32). Such interventions need to be studied further to
determine their indications and efficacy.

In conclusion, sacral insufficiency fractures are an uncommon but important late side effect
in patients treated with pelvic radiotherapy for rectal cancer. Women and whites have a
higher risk of developing sacral insufficiency fractures. Distinguishing sacral insufficiency
fractures from pelvic recurrences may help reduce unnecessary biopsies and other
interventions. Most patients with sacral insufficiency fractures can be managed
conservatively with pain medications; however, new therapeutic interventions are now under
investigation.
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Fig. 1.
Kaplan-Meier estimates of cumulative incidence of sacral insufficiency fractures.
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Fig. 2.
Characteristic radiological findings for sacral insufficiency fractures. (a) Axial computed
tomography scan of the pelvis shows bilateral sacral fractures (white arrows). (b) Coronal
T1-weighted magnetic resonance (MR) sequence shows low signal in the sacrum consistent
with marrow edema (white arrows). (c) Coronal T2-weighted fat-saturated magnetic
resonance sequence shows high signal intensity in the sacrum consistent with marrow edema
(white arrows) and low signal intensity fracture line (white arrow head).
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Table 1

Patient, tumor, and treatment characteristics

Characteristic No. of patients (%)

Age, median (range) 57.9 y (20.7–87.8 y)

Gender

 Male 354 (63%)

 Female 208 (37%)

Race

 White 438 (78%)

 Others 124 (22%)

Clinical T classification

 T2 31 (6%)

 T3 474 (84%)

 T4 49 (9%)

 Unknown 8 (1%)

Clinical N classification

 N0 248 (44%)

 N1–2 305 (54%)

 Unknown 9 (2%)

Radiotherapy dose, median (range) 45 Gy (19.8–58.6 Gy)

Concurrent chemotherapy

 Protracted infusional 5-fluorouracil 430 (77%)

 Capecitabine 114 (20%)

 Uracil/Tegafur 9 (2%)

 Other 9 (2%)

Surgery

 Low anterior resection 234 (42%)

 Proctectomy with coloanal anastomosis 140 (25%)

 Abdominoperineal resection 161 (29%)

 Pelvic exenteration 22 (4%)

 Others 5 (1%)
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Table 2

Univariate predictors of sacral insufficiency fractures

Predictor 3-y fracture
risk (%) p

Gender

 Female 5.8 0.014*

 Male 1.6

Race

 White 4 0.037*

 Others 0

Age

 <60 2.6 0.418

 ≥60 3.8

Radiotherapy dose

 ≤45 Gy 2.3 0.143

 >45 Gy 4.6

*
p < 0.05.
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