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Abstract. Aim: The aim of the study was to estimate the
prevalence of pelvic insufficiency fractures (PIFs) after
radiation therapy (RT) in patients with cervical cancer.
Patients and Methods: A total of 3,633 patients from 15
cohort studies were included. Proportion meta-analysis was
performed to estimate prevalence and subgroup analysis was
performed according to imaging modalities for diagnosis of
PIF. For continuous variables (age and length of follow-up),
meta-regression analysis was performed. Results: Pooled
prevalence estimate of PIF was 14% (95% CI=10-19).
Incidence of PIF was higher in studies that used MRI as a
diagnostic tool (17%, 95% CI=12-22) than non-MRI (8%,
95% Cl=2-14). In meta-regression, we found a significant
association of prevalence of PIF with age (p=0.021) but not
with length of follow-up (p=0.118). Conclusion: PIF after
RT in patients with cervical cancer is not rare. Physicians
need to pay attention to PIFs, especially in patients with
high-risk factors for osteoporotic fracture.

Cervical cancer is one of the fourth most common cancers
in women. In 2020, an estimated 604,000 women were
diagnosed with cervical cancer worldwide and about 342,000
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women died from the disease (1). Pelvic radiotherapy (RT)
is a well-established treatment in the management of cervical
cancers either post-operatively or as a primary treatment (2).
Major improvements in definitive RT have occurred during
the past 15 to 20 years and survival rate improved (3, 4).
Acute toxicity during pelvic RT is well recognized, but late-
onset complications such as impaired bone health is still
relatively under-diagnosed (5-7).

Pelvic insufficiency fracture (PIF) is a type of fracture
which occurs within normal stress on bone, weakened by
demineralization or decreased elastic resistance of bone
matrix due to severe osteoporosis, previous RT, prolonged use
of corticosteroids (8). Several studies investigated the
incidence of RT-induced PIFs and have shown wide incidence
rates ranging from 1.7% to 89% in patients undergoing
treatment of gynecologic cancer (9-11). Due to this wide
range of prevalence, the incidence of PIFs remains unclear
and relevant systematic reviews and meta-analyses are rare.

Considering the increased number of cervical cancer
survivors, it is important to determine whether and how
many patients with cervical cancer are at increased risk of
osteoporotic fracture after RT. The objective of this study
was to estimate the incidence of RT-induced PIF in patients
who received definitive or postoperative adjuvant RT for
locally advanced cervical cancer.

Patients and Methods

Search protocol and selection of studies. This meta-analysis was
conducted according to the updated guidelines of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) (6). Two researchers (blinded by the
authors) independently searched MEDLINE (PubMed), EMBASE,
and Cochrane Library databases in September 2018. Articles that
met the selection criteria were included in the meta-analysis. We
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Table 1. Characteristics of included individual studies that reported the prevalence of pelvic insufficiency fracture in patients treated with cervical

cancer who underwent radiation therapy.

Study name Study design Period Diagnosis Sample size RT dose Median age F/U year
—  (gray, median) (years) (median)
Total  PIF
Huh et al. (10) Retrospective 1994-2000 Bone-scan or CT 463 8 50.4-55.8 - 32
Ogino et al. (11) Retrospective 1983-1998  Bone-scan or CT 335 57 45-50 66 33
Ikushima et al. (12) Retrospective 1993-2004 CT&MRI 158 18 50 64 3.6
Kwon et al. (14) Retrospective 1998-2005 MRI 510 100 50.4 54.7 1.2
Schmeler et al. (18) Retrospective 2001-2006 CT&MRI 300 29 45 474 1.7
Park et al. (16) Retrospective 2004-2009 PET/CT or MRI 235 16 55 55 2
Uezono et al. (21) Retrospective 2003-2009 CT&MRI 99 33 50.4 68 1.8
Tokumaru et al. (20) Longitudinal prospective ~ 2004-2007 CT&MRI 59 21 50 73 2
Shih et al. (19) Retrospective 2000-2008 MRI 222 11 504 57 39
Ioffe et al. (13) Case-control 1998-2009 PET/CT 166 12 45-50 50 4
Mehmood et al. (15) Retrospective 2007-2008 MRI 148 33 40-45 60 -
Ramlov et al. (17) Longitudinal prospective ~ 2008-2014 MRI 101 20 50-60 50 2.1
Yamamoto et al. (22) Retrospective 2003-2012 CT&MRI 533 84 50-50.4 57.8 4.1
Salcedo et al. (8) Longitudinal prospective ~ 2008-2015 - 239 37 NA 51 3
Weidenbicher et al. (5)  Longitudinal prospective  2013-2017 MRI 65 6 50.4 - -

CT, Computed tomography; F/U, follow-up; MRI, magnetic resonance imaging; NA, not available; PET, positron emission tomography; PIF, pelvic

insufficiency fracture; RT, radiation therapy.

attempted to obtain complete data for the analysis by contacting the
authors of articles with insufficient or missing data.

Two (blinded by authors) of the authors reviewed the retrieved
full manuscripts to determine whether PIF after RT had been
evaluated in the full manuscript. We included single-cohort studies
that investigated the medical records of patients with cervical cancer
who underwent RT. Exclusion criteria were as follows: (1) the study
included endometrial or ovarian cancers; (2) the study used registry
data that could influence the overall result due to large weight; (3)
too small sample size (<20 patients); (4) the article was a review,
case report, or basic science study.

Outcome measures and data extraction. For every eligible study, the
following data were extracted and entered into a spreadsheet by two
reviewers independently: the family name of the first author, year
of publication, country, patient age/body mass index, number of
patients treated with cervical cancer, total amount of RT, diagnostic
median length of follow-up, assessment tool; magnetic resonance
image (MRI), computed tomography (CT), bone-scan.

Quality assessment and publication bias. Two of the authors (blinded
by the authors) independently evaluated the quality of all studies,
using the Newecastle-Ottawa Scales. This tool comprises three
parameters: selection, comparability, and outcome. Each parameter
consists of subcategorized items; selection has a maximum of four
stars, comparability has a maximum of two stars, and exposure or
outcome has a maximum of three stars. We assessed the presence of
publication bias using Begg’s funnel plot and Egger’s test.

Statistical analysis. A proportion meta-analysis of the data from all
relevant studies that reported the incidence of PIF. For the test of
heterogeneity, we used Higgins I2 statistics, and there was
significant heterogeneity (p<0.001, 12=95.08%). Thus, we analyzed
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the data by using a random-effect model. We also performed
subgroup by imaging modalities for a diagnosis (MRI scan vs.
others). Meta-regression was used to evaluate the association
between study results and continuous moderators (patient age and
length of follow-up). All analyses were performed using STATA
software (version 14.0; Stata Corporation, College Station, TX,
USA). This study was exempted from institutional review board
review since it did not involve any human subjects.

Results

Description of included studies. The primary search of the
databases yielded 546 records. After duplicates were
removed, 413 articles were screened according to title and
abstract. As a result, 29 full-text articles were selected and
reviewed for eligibility. Finally, there were 3,633 patients
included from the 15 studies in the systematic review (Table
I and Figure 1) (5, 8, 10-22).

Incidence of pelvic insufficiency fracture and subgroup
analysis. The pooled prevalence estimate was 14% [95%
confidence interval (CI)=10-19]. The incidence of PIF was
higher in MRI (17%; 95% CI=12-22) than in Non-MRI 1.90
(8%; 95% Cl=2-14, p<0.001) (Figure 2). In the meta-
regression, we found a significant association between
prevalence of PIF and patient age (Figure 3A), but not in the
length of follow-up (Figure 3B).

Quality assessment and publication bias. In terms of the
methodological quality, the mean value of the awarded stars
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Figure 1. PRISMA flow diagram detailing the process of relevant clinical study selection.

%
Study ES (95% Cl) Weight

MRI scan for diagnosis

Ikushima 2006 —— 0.11 (0.07, 0.17) 6.81
Kwon 2008 —— 0.20 (0.16, 0.23) 7.15
Schmeler 2010 —— 0.10 (0.07, 0.14) 7.17
Uezono 2011 —_— 0.33 (0.25, 0.43) 5.53
Tokumaru 2012 -* 0.36 (0.25, 0.48) 4.64
Shih 2013 —— 0.05 (0.03, 0.09) 7.26
Mehmood 2014 —_— 0.22 (0.16, 0.30) 6.33
Ramlov 2017 —_—— 0.20 (0.13, 0.29) 6.00
Yamamoto 2017 —— 0.16 (0.13, 0.19) 7.22
Weidenbacher 2018 —_— 0.09 (0.04, 0.19) 6.23
Subtotal ("2 = 90.50%, p=0.00) > 0.17 (0.12, 0.22) 64.35
Other scan for diagnosis
Park 2011 —— 0.07 (0.04, 0.11) 7.20
loffe 2014 —— 0.07 (0.04,0.12) 7.05
Huh 2002 -~ 0.02 (0.01, 0.03) 7.46
Ogino 2003 —_— 0.17 (0.13,0.21) 7.03
Subtotal (12 = 94.94%, p=0.00)<___—> 0.08 (0.02, 0.14) 28.75
Non-described
Salcedo 2018 —_—— 0.15 (0.11, 0.21) 6.90
Heterogeneity between groups: p=0.075
Overall (12 = 95.08%, p=0.00); > 0.14 (0.10, 0.19) 100.00
T T T T T ]
-0.2 0 0.2 0.4 0.6 0.8

Figure 2. Forest plots show correlated proportions. (A) The prevalence of pelvic insufficiency fracture in studies used MRI for the diagnosis. (B)
The prevalence of pelvic insufficiency fracture in studies did not use MRI for the diagnosis.
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Figure 3. Meta-regression plot between the prevalence of pelvic insufficiency fracture and continuous variables from each study. (A) The median
patient age of the study. (B) the median length of follow-up. ES, Effect size; FU, follow-up.

was 6.2 (2 studies had 5 stars, 8 studies had 6 stars, 5 studies
had 7 stars; Table II). The Begg’s funnel plot seems to be
asymmetrical, but the p-value for bias was not significant
(Figure 4).

Discussion

PIFs are a type of stress fractures that result from
physiological stress applied to osteoporotic bones. Our meta-
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analysis found that the estimated prevalence of PIF is 14%
and is much higher in the general population. In the United
States, PIFs are estimated to affect approximately 2% female
patients aged >55 years (23). The present study also revealed
that studies which included MRI scan show a higher
incidence of PIF than that of other modalities. The frequency
of PIFs shows a wide range of incidence due to a variety of
strategies for assessment of PIFs (7, 17, 24), because PIFs
are easily missed or underdiagnosed by clinical physicians
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Funnel plot with pseudo 95% confidence limits

ES

Figure 4. Begg’s funnel plot and p-value by Egger’s test. ES, Effect size; se, standard error.

(25). The overall sensitivity of MRI is more sensitive to the
detection of PIF than CT scan (26). Bone scan still remains
one of the most sensitive examinations in detection of PIFs,
but it is not easy to differentiate between benign and
malignant bone lesions with planar bone scan alone (27).
Recently, pelvic MRI was routinely used to evaluate
recurrence or resolution of tumor lesions, so clinical
physicians pay more attention to PIFs in addition to their
oncological follow-up.

Postmenopausal state or patients aged >50 has been known
to be associated with the post-RT PIF in several previous
studies (17, 21, 22). In meta-regression analysis, median age
of study is associated with a high prevalence of PIF,
consistent with the finding that the most important risk factor
for PIF is osteoporosis. Thus, it is important to evaluate bone
mineral density providing relevant counseling before RT in
postmenopausal patients with cervical cancer. However, drugs
or guidelines recommended for the prevention and treatment
of PIF induced by RT have not yet been determined. There is
a concern that bisphosphonate suppresses bone turnover and
has an antiangiogenic effect similar to that of RT, so it can
lead to pathological fractures (28-30).

Our study showed no significant association between the
length of follow-up and the incidence of PIF. Many previous
studies showed that most PIFs occurred within 1 year which
was in accordance with our results (13, 20, 21).
Osteoporosis may be exacerbated by a previous RT or
altered biomechanical properties after RT can increase
susceptibility to fracture (31, 32). Therefore, managing
strategies for this condition should be focused, especially
within one year of RT (18).

Table II. Methodological quality assessment of included studies
measured by Newcastle-Ottawa scale.

Study name Selection Comparability Exposure  Total
or outcome
Huh et al. (10) 3 1 3 7
Ogino et al. (11) 3 1 3 7
Tkushima et al. (12) 2 1 3 6
Kwon et al. (14) 2 1 3 6
Schmeler et al. (18) 2 1 2 5
Park et al. (16) 3 1 2 6
Uezono et al. (21) 3 1 2 6
Tokumaru et al. (20) 3 1 3 7
Shih et al. (19) 3 1 2 6
loffe et al. (13) 2 1 2 5
Mehmood et al. (15) 2 1 3 6
Ramlov et al. (17) 3 1 3 7
Yamamoto et al. (22) 3 1 2 6
Salcedo er al. (8) 3 1 3 7
Weidenbicher et al. (5) 3 1 2 6

To the best of our knowledge, this is the first meta-
analysis estimating the prevalence of PIF in patients who
received definitive or postoperative adjuvant RT for locally
advanced cervical cancer. However, we note certain
weaknesses in our study. Firstly, there was heterogeneity of
strategy to detect PIF among the included studies.
Heterogeneities in the enrollment time, timing of follow-up
and different frequency of scans were also a limitation of the
review. Secondly, this meta-analysis did not include control
group, so we could not calculate the risk of fracture. Due to
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a lack of concern about osteoporosis or osteoporotic fracture
in past decades, only a very few rigorously performed trials
were executed, until recently. Lastly, many of the
relationships between PIF and various risk factors were not
appropriately evaluated due to lack of the information and
low level of evidence of included studies.

Conclusion

In conclusion, we identified estimated prevalence of PIF
after RT in patients with cervical cancer. Patients who have
risk factors of osteoporosis should undergo early counseling
and surveillance in addition to their oncological follow-up.
Future active interventions, such as guideline including
nutritional or pharmacological treatment for bone health
from an early stage of treatment, are necessary for women
with patients with cervical cancer who undergo RT.
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