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Abstract

Background Surgery with high-dose radiation and high-

dose radiation alone for sacral chordomas have shown

promising local control rates. However, we have noted

frequent sacral insufficiency fractures and perceived this

rate to be higher than previously reported.

Questions/purposes We wished (1) to characterize the

incidence of sacral insufficiency fractures in patients with

chordomas of the sacrum who received high-dose radia-

tion, and (2) to determine whether patients treated with

surgery plus high-dose radiation or high-dose radiation

alone are more likely to experience a sacral fracture, and to

compare time to fracture in these groups.

Methods Sixty-two patients who received high-dose

radiation for sacral chordomas with (n = 44) or without

surgical resection (n = 18) between 1992 and 2013 were

included in this retrospective study. At our institution,

sacral chordomas generally are treated by preoperative

radiotherapy, followed by en bloc resection, and postop-

erative radiotherapy. Radiation alone, with an intent to

cure, is offered to patients who otherwise are not good

surgical candidates or patients who elect radiotherapy

based on tumor location and the anticipated morbidity after

surgery (such as sexual, bowel, or bladder dysfunction).

MRI and CT scans were evaluated for evidence of sacral

insufficiency fractures. Complete followup was available at

a minimum of 2 years (or until fracture or death) for all 18

patients who underwent radiation alone, whereas 14% (six

of 44 patients) in the surgery plus radiation group (9%

[three of 33] after high sacrectomy and 27% [three of 11]

after low sacrectomy) were lost to followup before 2 years.

Results Sacral insufficiency fractures occurred in 29 of

the 62 patients (47%). A total of 25 of 33 patients (76%)
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with high sacrectomy had fractures develop compared with

zero of 11 (0%) after low sacrectomy, and four of the 18

patients (22%) who had high-dose radiation alone (p \
0.001). The fracture rate was greater in the high sacrectomy

group than in the low sacrectomy group (p\0.001) and the

radiation only group (p\ 0.001). There was no difference

with the numbers evaluated in fracture probability between

patients in the low-sacrectomy group and those treated with

radiation alone (p = 0.112). The fracture-free survival

probability was 0.99 for the low sacrectomy group at all

times as there were no insufficiency fractures in this group;

the 1-year fracture-free survival probability was 0.53 (95%

CI, 0.35–0.69) after high sacrectomy, 0.83 (95% CI, 0.57–

0.94) after radiation alone; the 2-year fracture-free survival

probability was 0.36 (95% CI, 0.19–0.52) after high

sacrectomy and 0.77 (95% CI, 0.50–0.91) after radiation

alone; and the 5-year fracture-free survival probability was

0.14 (95% CI, 0.04–0.30) after high sacrectomy and 0.77

(95% CI, 0.50–0.91) after radiation alone.

Conclusions Acknowledging the limitations of potential

differences in baseline and followup among treatment

groups in our study, we found that almost 1
.
2 of our patients

experienced an insufficiency fracture. We found that the

fracture rate was greater in the surgery group compared

with the radiation alone group and that high sacrectomy

accounted for all fractures in the surgery group. These

findings can be used to inform patients and also support the

need for further research to elucidate the influence of high-

dose radiation on bone quality.

Level of Evidence Level III, therapeutic study.

Introduction

At our institution, the most common primary malignant

bone tumor of the sacrum is a chordoma. The standard of

care for treatment of a sacral chordoma is en bloc resec-

tion. In the spine, external beam radiation therapy

combined with surgical resection has been shown to be an

effective option for treatment of historically radiation-

resistant tumors [2, 13]. We have combined surgery with

high-dose proton-based radiation with good results, with

94% local tumor control at 5 years for chordomas and other

malignant bone tumors in the sacrum [4]. We also have had

good results after high-dose radiation alone: 80% local

tumor control at 5 years in patients who elected nonsurgical

treatment or patients who otherwise were not good surgical

candidates [2].

Surgery with high-dose radiation and radiation alone

have shown promising local control rates. However, we

have observed frequent sacral insufficiency fractures

associated with this treatment. Previous studies reported a

6% sacral insufficiency rate after surgical treatment of

sacral chordomas [6, 14], however we believe our rate is

higher than those reported.

We aimed (1) to characterize the incidence of sacral

insufficiency fractures in patients with chordomas of the

sacrum who received high-dose radiation, and (2) to

determine whether patients treated with surgery plus high-

dose radiation or high-dose radiation alone are more likely

to experience a sacral fracture, and to compare time to

fracture in these groups.

Patients and Methods

Study Design, Setting, and Participants

Our institutional review board approved this retrospective

study and waived informed consent. We reviewed medical

records of all patients with a sacral chordoma who presented

to the Orthopaedic Oncology Service of Massachusetts

General Hospital between 1992 and 2013. Sixty-two patients

whowere 18 years or older who received high-dose radiation

(more than 50 Gy, combination of protons and photons) to

the sacrum with curative intent were included in the study.

Patients with sacral insufficiency fractures before treatment,

patients who underwent a hemisacrectomy or sacroiliac joint

resection, and those who did not receive the planned high-

dose radiation (eg, owing to wound complications or patient

preference) were excluded. Clinic notes were reviewed to

collect demographic information including sex, age at

treatment, and tumor diagnosis.

Treatment

At our institution, sacral chordomas generally are treated by

preoperative radiotherapy, followed by en bloc resection,

and postoperative boost radiotherapy. Radiation alone (with

an intent to cure) is offered to patients who otherwise are not

good surgical candidates (eg, patients with severe car-

diopulmonary comorbidities) or patients who elect

nonsurgical management based on tumor location and the

anticipated morbidity after surgery (eg, sexual, bowel, and

voiding dysfunction). High-dose radiation is the standard

radiotherapy regimen for the surgery and the radiation only

group. The number of patients who underwent surgical

resection without high-dose radiation is low, and this is

discussed only with patients with caudally located tumors

without soft tissue invasion. However, even in this situation

our recommended protocol is radiation followed by surgery

and then additional radiation. Whenever possible, wide

margin resection of the tumor was attempted in patients

undergoing surgery. For this study, we divided surgical

patients into high sacrectomy (at S3 level or above) and low
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sacrectomy (below S3 level) groups, depending on the type

of osteotomy that was performed. The operative notes were

reviewed by the senior orthopaedic surgeon JHS to record the

level of the sacral osteotomy. Information regarding the

radiation regimen and doses was reviewed by the senior

radiation oncologist (TFD). In our cohort, 15 of the 18

patients who received radiation alone declined surgical

resection based on the anticipated morbidity, one patient

declined transfusions and therefore was offered radiation.

The reason for radiation alone was unclear in two patients.

Outcome Assessment: Sacral Insufficiency Fracture

All patients had at least one pretreatment MRI, and were

evaluated routinely with followup imaging at least

annually. In general, a CT scan of the pelvis was ordered

only if there was clinical concern for fracture (Fig. 1). All

imaging studies were reviewed by the senior radiologist

(MAB) for presence of sacral insufficiency fractures. The

definition of an insufficiency fracture is a fracture

attributable to normal stress on abnormal bone and the

imaging criteria are the same as for any other fracture;

areas with linear decreased T1- and increased T2-weighted

signals in the sacrum observed on MRI were considered to

be indicative of insufficiency fractures (Fig. 2) [20]. CT

scans can show fractures, but also can appear normal;

therefore we used MR images, if they were available.

Statistical Analysis

Variables were presented with frequencies and percentages

for categorical variables and as median with range for

continuous variables, as visual inspection of histograms

suggested nonnormality. Fracture-free survival was calcu-

lated using Kaplan-Meier analysis.

In bivariate analysis, the differences between baseline

treatment groups were compared using a Kruskal-Wallis

test (ANOVA-on-ranks) for continuous variables, and

Fisher’s exact test for categorical variables.

Fracture-free survival times between treatment groups

were compared using the log-rank test. We used Kaplan-

Meier plots to show the fracture-free survival per treatment

group. Visual inspection of log-log plots suggest no serious

violation of the proportional hazards assumption [1]. A

two-sided p value less than 0.05 was considered statisti-

cally significant. Statistical analysis was performed using

Stata114.0 (StataCorp LP, College Station, TX, USA). The

exact radiation dose was unavailable for one patient who

underwent surgery, and for four patients who received

Fig. 1 A 64-year old woman with a history of chordoma experienced

radiation necrosis with sacral insufficiency fractures as seen on this

CT scan. The coronal image shows postsurgical changes from a

partial sacrectomy and extensive destruction, sclerosis, and fragmen-

tation of the sacrum, consistent with radiation necrosis. Multiple

sacral insufficiency fractures are present (black arrows).

Fig. 2A–C A47-year-oldwomanwith a history of chordoma resection

and radiation therapy had sacral insufficiency fractures after surgery.

(A) The coronal CT image showsmultiple sacral insufficiency fractures

with adjacent sclerosis (black arrows). (B) The coronal fat-suppressed

T2-weighted image shows bone marrow edema (asterisks) adjacent to

hypointense insufficiency fractures (black arrows), and (C) the coronal
T1-weighted image shows hypointense linear signal abnormalities

(white arrows), consistent with insufficiency fractures.
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high-dose radiation alone. There were no missing values

for any of the other variables.

Patient Demographics

We included 62 patients with a median age of 61 years

(range, 22–84 years). There were 37 (60%) males and 25

(40%) females. Preoperative diagnoses included 55 (89%)

primary sacrococcygeal chordomas, six (9.7%) recurrent

sacral chordomas after prior surgery, and one (1.6%)

chondroid chordoma. Forty-four (71%) patients were

treated with surgery and high-dose radiation. Eighteen

(29%) patients were treated with high-dose radiation alone.

Of the 44 patients who underwent surgery, 33 (75%) had a

high sacrectomy, and 11 (25%) had a low sacrectomy.

Lumbopelvic reconstruction with rods and/or allograft

struts was done in seven (21%) of the 33 patients who had

high sacrectomy. All patients received high doses of radi-

ation according to the previously described protocol [5].

The median radiation dose received by all patients was

70.2 Gy (range, 50.4–79.2 Gy) and was a combination of

photons and protons [2, 4]. In the surgical group, all

patients received preoperative radiation (median dose, 50.4

Gy), and 40 of 44 patients (91%) received additional

postoperative boost radiation per established protocol

(median dose, 19.8 Gy). Three of four patients did not

receive postoperative radiation owing to wound compli-

cations, and one patient rejected postoperative radiation. In

the patient who had gross residual disease remaining after

surgery, the tumor bed margins were given approximately

70.2 Gy and the area of gross residual disease was given

approximately 77.4 Gy.

There were no differences in the age (p = 0.221) or sex

(p = 0.884) among the treatment groups. Total radiation

dose differed between groups (p\0.001) and was greatest

in the radiation only group (median, 77.4 Gy), compared

with the high and low sacrectomy groups (median, 70.2 Gy

for both groups) (Table 1). There was no difference in the

amount of radiation received by the high sacrectomy group

versus the low sacrectomy group (p = 0.368, by Mann-

Whitney U test), but both groups received less radiation

than the nonsurgical group (p B 0.001, by Mann-Whitney

U test).

Followup

The median followup was 22 months, with an interquartile

range from 9 to 54 months.

Of the 44 patients who underwent surgery with radia-

tion, 20 (45%) had an insufficiency fracture, one (2%) was

deceased, and six (14%) were lost to followup within 2

years. The remaining 17 (39%) patients had more than 2

years of followup. Of the 18 patients who underwent

radiation only, four (22%) had an insufficiency fracture,

one (6%) was deceased, and none were lost to followup

within 2 years. The remaining 13 (72%) patients had more

than 2 years of followup.

In the high sacrectomy group (n = 33), 20 (61%) patients

had insufficiency fractures and three (9%) were lost to

followup within 2 years. The remaining 10 (30%) had more

than 2 years of followup. In the low sacrectomy group (n =

11), one patient was deceased (9%) and three (27%) were

lost to followup within 2 years. The remaining seven (64%)

had more than 2 years of followup.

Results

Almost 1
.
2 of the patients in our cohort had a sacral

insufficiency fracture (47%; 29 of 62 patients). The overall

fracture-free survival probability is 0.71 (95% CI, 0.57–

0.80) after 1 year, 0.60 (95% CI, 0.46–0.71) after 2 years,

and 0.48 (95% CI, 0.34–0.61) after 5 years (Fig. 3).

We found a higher fracture rate after surgery with high-

dose radiation (57%; 25 of 44) compared with high-dose

radiation alone (22%; four of 18) (p = 0.009) (Fig. 4). The

1-year fracture-free survival probability is 0.65 (95% CI,

0.49–0.77) after surgery and 0.83 (95% CI, 0.57–0.94) after

radiation alone; the 2-year fracture-free survival probabil-

ity is 0.52 (95% CI, 0.36–0.66) after surgery and 0.77 (95%

CI, 0.50–0.91) after radiation alone; and the 5-year frac-

ture-free survival probability is 0.33 (95% CI, 0.17–0.49)

Table 1. Patient population and demographics

Demographics Radiotherapy (n = 18) High sacrectomy (n = 33) Low sacrectomy (n = 11) p value

Age (years) (median/range) 62 (42–79) 54 (22–81) 64 (34–84) 0.221

Sex (number/%)

Men 10 (56) 20 (61) 7 (64) 0.884

Women 8 (44) 13 (39) 4 (36)

Radiation dose (Gy)

(median/range)

77.4 (75–79.2) 70.2 (50.4–77.6) 70.2 (50.4–73.8) \ 0.001
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after surgery and 0.77 (95% CI, 0.50–0.91) after radiation

alone (Fig. 4). We also found a difference in fracture rate

when comparing high-sacrectomy (76%; 25 of 33), low-

sacrectomy (0%; 0 of 11), and radiation alone (22%; four

of 18) (p\0.001) (Fig. 5). The fracture rate was greater in

the high-sacrectomy group than in the low-sacrectomy

group (p\0.001) and the radiation only group (p\0.001).

There was no difference with the numbers evaluated in

fracture probability between patients in the low-sacrectomy

group and those treated with radiation alone (p = 0.112).

The fracture-free survival probability is 0.99 for the low

sacrectomy group at all times, as there were no insuffi-

ciency fractures in this group; the 1-year fracture-free

survival probability is 0.53 (95% CI, 0.35–0.69) after high

sacrectomy, and 0.83 (95% CI, 0.57–0.94) after radiation

alone. The 2-year fracture-free survival probability is 0.36

(95% CI, 0.19–0.52) after high sacrectomy and 0.77 (95%

CI, 0.50–0.91) after radiation alone. The 5-year fracture-

free survival probability is 0.14 (95% CI, 0.04–0.30) after

high sacrectomy and 0.77 (95% CI, 0.50–0.91) after radi-

ation alone (Fig. 5).

We found no difference in fracture probability between

males and females with the numbers evaluated (p = 0.218)

(Fig. 6).

Discussion

Surgery with high-dose radiation and radiation alone for

sacral chordomas have shown promising local control

rates. However, we have seen frequent sacral insufficiency

fractures and perceived this rate to be higher than previ-

ously reported [6, 14]. We therefore studied the incidence

of insufficiency fractures after high-dose radiation for

sacral chordomas and assessed if this rate differed between

surgery plus high-dose radiation and high-dose radiation

alone. We found that nearly 1
.
2 of our patients experienced

a fracture and that the fracture rate was higher in the sur-

gery group compared with the radiation alone group.

Our study has several limitations. First, although age

and sex did not differ among treatment groups, other fac-

tors, such as location and size of the tumor, might have.

This selection bias, inherent to the retrospective study

design, could not have been eliminated from our study, and

we see this as an important limitation as these confounding

factors might have influenced the sacral insufficiency rate

overall and in treatment groups. Second, our outcome

measure was sacral insufficiency fracture detected on MRI

or CT and we did not address associated symptoms, ham-

pering assessment of its clinical relevance. Sacral

insufficiency fractures can cause debilitating low back pain
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Fig. 3 Fracture-free survival probability among all patients is shown.
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Fig. 4 Fracture-free survival probabilities in the surgical group (red

solid line) compared with the nonsurgical group (blue dashed line) are

shown.
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Fig. 5 Fracture-free survival probabilities in patients who had a high

sacrectomy (green solid line) compared with patients who had a low

sacrectomy (red dot-dashed line), and patients who had radiation

patients (blue dashed line) are shown.
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as reported in previous studies, but also can be asymp-

tomatic and we therefore see this as an important limitation

[3, 7, 8, 12, 18]. Third, six of the 62 patients (all surgical

patients) were lost to followup by 2 years, therefore it is

possible that the fracture rate in the surgery group is greater

than identified in our study. Furthermore, the 2-year lost to

followup rate was 27% (three patients) in the low sacrec-

tomy group and 9% (three patients) in the high sacrectomy

group. We might have missed insufficiency fractures

among patients lost to followup, which would have espe-

cially affected the fracture rate in the low sacrectomy

group. Therefore, our comparison of insufficiency fracture

rates among treatment groups should be considered in light

of the loss to followup, and we see this as an important

limitation. Fourth, the presence of a sacral insufficiency

fracture was assessed by a senior radiologist (MB) based on

MRI or CT and was subject to interobserver variation.

However, we believe this to be independent of treatment

group and therefore see this as a minor limitation. Fifth, we

did not assess subsequent treatment of these fractures and

corresponding outcomes. Sixth, we did not have bone

mineral density measurements for our patients, and cannot

account for any effect attributable to variations in bone

density. Age-related osteopenia is less common among

male patients and likely plays less of a role in our pre-

dominantly male patient population. To that effect, we did

not find any differences in the 5-year fracture-free survival

between males and females [22].

When focusing on our patients who received high-dose

radiation alone, we found that approximately 1
.
4 (22%) had

a sacral insufficiency fracture. This is high compared with

the previously reported incidence (3.1 to 11.4%) of pelvic

insufficiency fractures after radiation [9–11, 15, 17].

However, radiation regimens in these studies differed (eg,

no high-dose radiation) from ours and those studies focused

on radiation to visceral tumors in the pelvis rather than

primary bone tumors. Radiation is a recognized risk factor

for the development of insufficiency fractures; it decreases

bone strength and the number and resiliency of trabeculae

[5, 19, 21]. It seems plausible that higher doses of radiation

would increase the risk of a fracture developing. However,

the discrepancy also could be explained by the difference

in definition of an insufficiency fracture among studies or

the bone destruction by the chordoma in our study.

We found a higher rate of insufficiency fractures after

surgery with high-dose radiation compared with radiation

alone, and high sacrectomy accounted for all fractures in

the surgery group. Two previous studies [6, 14] noted a 6%

incidence of insufficiency fractures after resection of sacral

chordomas (no high-dose radiation). However, insuffi-

ciency fractures were not specifically studied and the

reported fracture rates therefore might be an underestima-

tion [6, 14]. Ruggieri et al. [14] reported three insufficiency

fractures (all after high sacrectomies) in 56 patients who

underwent resection only, 37 of which were high sacrec-

tomies. This translates to a fracture rate of 8.1% (three of

37) after high sacrectomy and none (0 of 19) after low

sacrectomy in their cohort with a minimum followup of 3

years. This is in line with our finding that insufficiency

fractures are more common after high resections compared

with low resections. Fuchs et al. [6] reported three insuf-

ficiency fractures in 52 patients; 30 who underwent

resection only and 22 who had resection plus radiation.

Two of the fractures occurred after resection with radiation

(9%) and one occurred after resection only (3%). We are

not aware of any study that is comparable to ours and

addresses insufficiency fractures after high-dose radiation

for sacral tumors, as surgical resection with wide margins

and no radiation is the standard of care in most institutions

[16, 23]. Conventional radiation is added in subtotal exci-

sions or if the resection was marginal [16, 23].

Acknowledging the limitations of potential differences

in baseline and followup among treatment groups in our

study, we found that nearly 1
.
2 of our patients had an

insufficiency fracture after high-dose radiation for a sacral

chordoma. The fracture rate was greater in the surgery with

radiation group compared with the radiation alone group

and high sacrectomy accounted for all fractures in the

surgery group. These findings can be used to inform

patients and also support the need for further research to

elucidate the influence of high-dose radiation on bone

quality.
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