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C ancer can adversely affect the skeleton, leading to de-
creases in bone mineral density (BMD), osteoporosis,
and nonmetastatic fractures.1 Cancer treatments, in-

cluding treatment regimens with glucocorticoids, hormone
deprivation therapies, immunomodulatory therapies, surgi-
cal treatments such as gastrectomy and hysterectomy with
bilateral salpingo-oophorectomy, and radiation therapy, can
also increase fracture risk.1-7

Although cancer tends to affect an older population, bone
loss in people with cancer is higher compared with the gen-
eral population even after adjusting for age.8 Additionally, in-
dividuals with cancer are at higher risk of falls than those with-
out cancer.9 Fractures in individuals with cancer lead to
approximately 2.5-times increased risk of mortality within the
first year after a major osteoporotic fracture (MOF) and 3.5
times increased risk of mortality after a hip fracture.10 De-

spite being at high risk of osteoporosis and fracture, patients
with cancer with fractures are rarely assessed or treated for
osteoporosis with only 11% of cancer survivors receiving
BMD testing and 23% receiving osteoporosis treatment within
a year of an MOF.11

Osteoporosis treatment has shifted away from using BMD
alone to determine osteoporosis treatment as most fractures
occur in individuals with BMD above the threshold for osteo-
porosis (T score, −2.5).12 Current guidelines, including cancer-
specific guidelines, now recommend treatment thresholds
based on an individual’s absolute fracture risk using a frac-
ture risk assessment tool such as the Fracture Risk Assess-
ment Tool (FRAX).13-16 FRAX is the most commonly used and
widely validated fracture prediction tool worldwide.17 Al-
though FRAX includes multiple clinical risk factors, cancer and
cancer treatments are not specific inputs. Although guide-

IMPORTANCE The Fracture Risk Assessment Tool (FRAX) is a fracture risk prediction tool
for 10-year probability of major osteoporotic fracture (MOF) and hip fracture in the general
population. Whether FRAX is useful in individuals with cancer is uncertain.

OBJECTIVE To determine the performance of FRAX for predicting incident fractures
in individuals with cancer.

DESIGN, SETTING, AND PARTICIPANTS This retrospective population-based cohort study
included residents of Manitoba, Canada, with and without cancer diagnoses from 1987
to 2014. Diagnoses were identified through the Manitoba Cancer Registry. Incident fractures
to March 31, 2021, were identified in population-based health care data. Data analysis
occurred between January and March 2023.

MAIN OUTCOMES AND MEASURES FRAX scores were computed for those with bone mineral
density (BMD) results that were recorded in the Manitoba BMD Registry.

RESULTS This study included 9877 individuals with cancer (mean [SD] age, 67.1 [11.2] years;
8693 [88.0%] female) and 45 877 individuals in the noncancer cohort (mean [SD] age, 66.2
[10.2] years; 41 656 [90.8%] female). Compared to individuals without cancer, those with
cancer had higher rates of incident MOF (14.5 vs 12.9 per 1000 person-years; P < .001) and
hip fracture (4.2 vs 3.5 per 1000 person-years; P = .002). In the cancer cohort, FRAX with
BMD results were associated with incident MOF (HR per SD increase, 1.84 [95% CI, 1.74-1.95])
and hip fracture (HR per SD increase, 3.61 [95% CI, 3.13-4.15]). In the cancer cohort,
calibration slopes for FRAX with BMD were 1.03 for MOFs and 0.97 for hip fractures.

CONCLUSIONS AND RELEVANCE In this retrospective cohort study, FRAX with BMD showed
good stratification and calibration for predicting incident fractures in patients with cancer.
These results suggest that FRAX with BMD can be a reliable tool for predicting incident
fractures in individuals with cancer.
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lines recommend fracture risk assessment in individuals with
cancer, no fracture risk calculators have been validated in a
mixed cancer population. Given the uncertainty in the appli-
cability of FRAX to individuals with cancer and the lack of other
validated tools in these individuals, we examined the perfor-
mance of FRAX in a mixed cancer population as well as in
specific cancer types.

Methods
Study Design
We performed a retrospective cohort study using population-
level health care administrative databases from the Canadian
province of Manitoba. Manitoba is Canada’s fifth most popu-
lous province with a population of 1.41 million in 2022.18 Health
services are provided to nearly all residents in Manitoba
through a single public health care system.19 All Manitoba resi-
dents are assigned a unique personal health identification num-
ber, which can be used to link their health care utilization and
outcomes data within the various provincial administrative
databases. Patient demographics were obtained from the pro-
vincial registration database, a list of individuals eligible for
health care coverage in Manitoba. Cancer diagnosis dates were
obtained from the Manitoba Cancer Registry (MCR), which
maintains a record of all cancers diagnosed in the province
since 1956. As a member of the North American Association
of Central Cancer Registries and the Canadian Cancer Regis-
try, the MCR is regularly audited for accurate coding of can-
cer data20,21 and has been shown to have very high levels of
reporting completeness and accuracy, including histologic
verification.22 The study was approved by the Health Research
Ethics Board for the University of Manitoba, Manitoba’s Health
Information Privacy Committee, and CancerCare Manitoba
Research Resource Impact Committee. Informed consent was
waived because the data were deidentified.

BMD data were obtained from the Manitoba BMD Pro-
gram which oversees all clinical BMD testing in the province
and maintains a database of all dual-energy x-ray absorptiom-
etry (DXA) results. This population-based database has been
shown to be nearly 100% complete and accurate.23

Information on health care visits, procedures, and diag-
nosis codes were obtained from physician claims and hospi-
tal discharge databases and linked to the BMD database. Phy-
sician billing claims used the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and
hospital discharge abstracts used the ICD-9-CM prior to 2004
and International Statistical Classification of Diseases, Tenth Re-
vision, Canada (ICD-10-CA) after 2004. Medication use was as-
certained from the provincial pharmacy database, which rec-
ords all medications dispensed in the outpatient setting.24

Deaths were ascertained from the Vital Statistics registry, which
records all births and deaths that take place in Manitoba.25

Study Population
We started by identifying all Manitoba residents aged 18 years
or older with first cancer diagnoses other than nonmelanoma
skin cancer between 1987 and 2014 from the MCR. The date

of cancer diagnosis was defined as recorded in the MCR. Each
individual with cancer was matched to up to 4 individuals with-
out cancer by age (within 5 years), sex, and area of residence
on the date of cancer diagnosis (index date) based on postal
codes.26 To compute FRAX scores and have adequate obser-
vation time for assessing fracture outcomes, we restricted the
analysis to those aged 40 years and older who had DXA test-
ing after the index date as recorded in the Manitoba BMD Pro-
gram database between January 1, 1995, and March 31, 2016.

Incident Fracture Assessment
Incident fractures were ascertained from hospital discharge
abstracts and physician billing claims ICD-9-CM and ICD-
10-CA codes up to March 31, 2021, using previously validated
fracture site-specific algorithms.27 Site-specific fracture defi-
nitions used in this study have been adopted for national sur-
veillance and have been radiologically validated in patients
both with and without fractures from the Manitoba BMD Pro-
gram database.28,29 Hip, clinical vertebral, forearm, and hu-
merus fracture diagnostic codes were collectively designated
MOF. The fracture date was defined as the date of the first
clinical encounter for the first fracture occurring after cancer
diagnosis.

Fracture Probability Assessment
Ten-year probabilities of MOF and hip fracture were calcu-
lated for each individual using the country-specific (Cana-
dian) FRAX tool (FRAX Desktop Multi-Patient Entry, version
3.8).30 Clinical risk factors included in the FRAX tool were col-
lected as previously described.31 Briefly, weight and height were
measured at the time of DXA. Other data required for FRAX
calculation were assessed from information collected di-
rectly from individuals through the intake questionnaire at the
time of each DXA scan and supplemented with population-
based health care data from the linked provincial population-
based health care databases.32 The list of conditions consid-
ered secondary causes of osteoporosis was adapted from Kanis
et al.33 The designation of secondary osteoporosis is diverse
and comprises many conditions associated with increased
fracture risk. The secondary osteoporosis input affects FRAX
calculations when BMD is not entered but not when BMD is
included because the risk is assumed to be mediated through
BMD. Oral glucocorticoid exposure greater than 90 days in the
prior year and osteoporosis medication use for at least 180 days

Key Points
Question How well does the Fracture Risk Assessment Tool
(FRAX) perform at predicting incident fractures in individuals
with cancer?

Findings In this retrospective population-level cohort study that
included 9877 individuals with cancer, FRAX with bone mineral
density results predicted incident major osteoporotic fractures
and hip fractures with calibration slopes of 1.03 and 0.97,
respectively.

Meaning These results suggest that FRAX with bone mineral
density can predict incident fractures in individuals with cancer.
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in the year prior to the index DXA scan were ascertained using
the provincial pharmacy system. We also assessed use of os-
teoporosis medications, including alendronate, risedronate,
etidronate, raloxifene, calcitonin, zoledronic acid, denosumab,
or teriparatide.

Statistical Analysis
Baseline characteristics were compared between individuals
with and without cancer using 1-way analysis of variance
(ANOVA) for continuous variables, and χ2 and Fisher exact tests
for categorical variables. Cumulative MOF and hip fracture
probabilities were calculated to 10 years and observed 10-year
fracture probability was estimated incorporating competing
mortality risk in both groups.34,35 Decile-stratified observed
10-year fracture probability was compared to FRAX-derived
10-year fracture probability to obtain calibration ratios.

Cox proportional hazards regression models were used to
estimate hazard ratios (HRs) per SD increase in FRAX score (log-
transformed due to a skewed distribution) in the cancer and
noncancer groups and 95% CIs. Cox regression models adjust-
ing for FRAX with and without BMD, individual FRAX risk fac-
tors including BMD and osteoporosis medication use were used
to estimate HRs for fracture risk with cancer diagnosis. Effect
modification of cancer status and cancer diagnosis site were
evaluated with interaction terms FRAX × cancer status and
FRAX × cancer diagnosis site, respectively. If interaction terms
were significant, stratified analysis was carried out. The pro-
portional hazards assumption was confirmed using Schoen-
feld residuals. Data analysis occurred between January and
March 2023 and was conducted using SAS software, version
9.4 (SAS Institute). Statistical significance was assessed
at P < .05.

Results
A total of 117 058 individuals with cancer were matched to
460 029 individuals without cancer. Of this cohort, 9877 in-
dividuals with cancer (8.4%) had a DXA scan after their can-
cer diagnosis, and 45 875 individuals (10.0%) without cancer
had a DXA scan after the index date, for a total study cohort
of 55 752 (Table 1). Compared to the noncancer cohort, the can-
cer cohort was on average slightly older (mean [SD] age, 67.1
[11.2] years compared to 66.2 [10.2] years; P < .001); had a
higher percentage of male individuals (1184 [12.0%] com-
pared to 4219 [9.2%]; P < .001); had slightly higher mean (SD)
body mass index, calculated as weight in kilograms divided by
height in meters squared (27.7 [5.6] compared to 27.1 [9.2];
P < .001); and had a higher percentage with parental hip frac-
ture (807 [8.2%] compared to 3202 [7.0%]; P < .001). They were
also more likely to be current smokers (878 [8.9%] compared
to 3679 [8.0%]; P = .004), less likely to have rheumatoid ar-
thritis (202 [2.0% ] compared to 1309 [2.9%]; P < .001), and
more likely to have secondary causes of osteoporosis (3795
[38.4%] compared with 4572 [10.0%]; P < .001). This differ-
ence in secondary causes of osteoporosis may have been driven
by much higher aromatase inhibitor use in the cancer cohort
(n = 2917 of 9877 [29.5%]), as compared with the noncancer

cohort (n = 109 of 45 875 [0.2%]). Despite the cancer cohort
having a similar prior fracture history to the noncancer co-
hort and an overall higher FRAX MOF probability without
BMD and similar FRAX MOF probability with BMD, the can-
cer cohort was less likely to be on an osteoporosis medication
(410 [4.2%] compared with 4556 [9.9%]; P < .001). The top 3
cancer diagnosis sites in the cancer cohort were breast, gyne-
cological, and colorectal, likely reflecting the female predomi-
nance of the DXA cohort (eTable 1 in Supplement 1).

The mean (SD) follow-up time of 7.6 (3.1) years in the can-
cer cohort was significantly shorter than in the noncancer co-
hort (8.5 [2.6] years; P < .001). A similar percentage of indi-
viduals in the cancer cohort and noncancer cohort experienced
MOFs (1086 [11.0%] vs 5021 [10.9%]; P = .89; Table 2). The in-
cidence rate of MOF per 1000 person-years was significantly
higher in the cancer cohort (14.5 vs 12.9 person-years; P < .001),
related to the higher incidence rates for hip fractures (4.2 vs
3.5 per 1000 person-years; P = .002) and humerus fractures
(2.9 vs 2.4 person-years; P =.02) . A total of 2646 deaths (26.8%)
occurred in the cancer cohort, which was significantly higher
compared with 5670 (12.4%) in the noncancer cohort (P < .001).

Observed 10-year cumulative probabilities of MOFs and hip
fractures were calculated incorporating the competing risk
of death, stratified by risk deciles in FRAX with BMD (eTable 2
in Supplement 1). These were plotted against FRAX-predicted
MOFs and hip fractures with and without BMD (Figure). The
calibration slope for MOFs was 0.87 when BMD was not con-
sidered in FRAX and 1.03 when BMD was considered in FRAX.
The slope of the calibration curve for hip fractures was 0.72
when BMD was not considered in FRAX and 0.97 when BMD
was considered. Comparison of observed 10-year MOF and hip
fracture probabilities with FRAX-predicted probabilities
were also evaluated by risk category (eTable 3 in Supple-
ment 1). All observed fracture probabilities fell within their
respective FRAX-predicted risk categories.

FRAX showed good stratification for predicting incident
fractures in all analyses. Significant effect modification by can-
cer status for the predictive value of FRAX for MOF without
BMD was found (HR, 1.93 [95% CI, 1.88-1.99] vs 1.73 [95% CI,
1.63-1.84], respectively; P for interaction = .001). Significant
effect modification was also found for MOF with BMD (HR,
2.05 [95% CI, 1.99-2.11] vs 1.84 [95% CI, 1.74-1.95], respec-
tively; P for interaction = .001) and hip fracture without BMD
(HR, 3.44 [95% CI, 3.22-3.67] vs 2.95 [95% CI, 2.59-3.37], re-
spectively; P for interaction = .04) (Table 3). However, signifi-
cant effect modification by cancer status was not found for
hip fracture with BMD (HR per SD increase, 4.10 [95% CI,
3.82-4.41] vs 3.61 [95% CI, 3.13-4.15]; P for interaction = .11).

In the cancer cohort, FRAX with BMD predicted incident
MOF and hip fracture, both slightly lower than in those with-
out cancer. HRs were consistently higher when BMD was in-
cluded in the FRAX score for both cancer and noncancer co-
horts. There was no effect modification by cancer diagnosis
site (interaction term: FRAX × cancer diagnosis site).

In models adjusted for FRAX without BMD and indi-
vidual FRAX risk factors excluding BMD but including osteo-
porosis medication use, cancer diagnosis was a nonsignifi-
cant modifier of MOF risk compared to the noncancer cohort
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(Table 4). Similar results were seen for hip fracture after ad-
justing for FRAX without BMD or FRAX risk factors including
osteoporosis medication use without BMD. However, when
adjusted for FRAX with BMD and when adjusted for indi-
vidual FRAX risk factors with BMD and osteoporosis medica-
tion use, cancer diagnosis increased the hazard of both MOF
and hip fracture.

Discussion
This retrospective cohort study showed that FRAX with BMD
results were associated with MOFs and hip fractures in pa-
tients diagnosed with cancer. FRAX without BMD slightly
overestimated MOF and hip fracture risk in these patients,

underscoring the importance of BMD testing in this at-risk
population.

In the general population, FRAX is the most widely used
and validated fracture risk prediction tool.17 Importantly for
cancer survivors, FRAX considers competing risk of mortal-
ity when estimating the 10-year probability of fracture, which
can significantly impact risk assessment in those at high risk
of death.35 However, population-specific tools were modeled
on fracture epidemiology of the general population, not a can-
cer population, which has its own unique fracture and mor-
tality risk. The new FRAX Plus tool, which includes several
modifying factors that improve the performance of FRAX,
does not include any cancer-specific risk factors.36

FRAX includes secondary causes of osteoporosis, which
in our study was 3 times more prevalent in the cancer popu-

Table 1. Baseline Characteristics Stratified by Cancer Status

Characteristic

Cohort, No. (%)

P valueGeneral (n = 45 875) Cancer (n = 9877)
Age at index BMD, mean (SD), y 66.2 (10.1) 67.1 (11.2) <.001

Sex

Female 41 656 (90.8) 8693 (88.0)
<.001

Male 4219 (9.2) 1184 (12.0)

BMI, mean (SD) 27.1 (9.2) 27.7 (5.6) <.001

Prior MOF 7287 (15.9) 1498 (15.2) .08

Parental hip fracture 3202 (7.0) 807 (8.2) <.001

Current smoker 3679 (8.0) 878 (8.9) .004

Prolonged glucocorticoid use 2402 (5.2) 538 (5.4) .40

Rheumatoid arthritis 1309 (2.9) 202 (2.0) <.001

Secondary osteoporosis 4572 (10.0) 3795 (38.4) <.001

High alcohol intake 224 (0.5) 47 (0.5) .87

Femoral neck T score, mean (SD) −1.34 (1.08) −1.29 (1.05) <.001

MOF

FRAX without BMD, mean (SD), % 11.6 (8.3) 13.1 (9.6) <.001

FRAX with BMD, mean (SD), % 10.7 (7.2) 10.6 (7.4) .10

Hip fracture

FRAX without BMD, mean (SD), % 3.6 (5.1) 4.5 (6.4) <.001

FRAX with BMD, mean (SD), % 2.6 (4.1) 2.7 (4.5) .05

Osteoporosis medication use 4556 (9.9) 410 (4.2) <.001

Abbreviations: BMD, bone mineral
density; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
FRAX, Fracture Risk Assessment Tool;
MOF, major osteoporotic fracture.

Table 2. Incident Fracture Outcomes After Index Dual-Energy X-Ray Absorptiometry by Cancer Status

Outcome

Cohort

P valueGeneral (n = 45 875) Cancer (n = 9877)
Follow-up time, mean (SD), y 8.5 (2.6) 7.6 (3.1) <.001

MOF, No. (%) 5021 (10.9) 1086 (11.0) .91

Hip 1368 (3.0) 320 (3.2) .18

Vertebral 1143 (2.3) 230 (2.3) .34

Humerus 944 (2.1) 218 (2.2) .35

Forearm 1566 (3.4) 317 (3.2) .31

MOF incidence rate, per 1000 person-years 12.9 14.5 <.001

Hip 3.5 4.2 .002

Vertebral 2.9 3.1 .54

Humerus 2.4 2.9 .02

Forearm 4.0 4.2 .42

Death, No. (%) 5670 (12.4) 2646 (26.8) <.001 Abbreviation:
MOF, major osteoporotic fracture.
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lation than the general population. This variable will only
modify fracture risk in the absence of BMD results. This may
explain why FRAX without BMD overestimates MOF and hip
fracture risk in patients with cancer. Similar findings were seen
in a previous study, which found that including secondary
osteoporosis as a risk factor for aromatase inhibitors users
overestimates FRAX-predicted fracture risk.32

A recent study found that cancer survivors had double the
risk of fracture as compared with those without a history of
cancer.37 However, these results were not adjusted for BMD
or FRAX. In our study, we showed that there was no differ-
ence in risk of fracture between individuals with and without

a history of cancer when adjusted for FRAX without BMD, even
when osteoporosis medication use was considered. How-
ever, once adjusted for FRAX with BMD, with or without con-
trolling for osteoporosis medication use, individuals with can-
cer history had a significantly higher risk of fracture than those
without a history of cancer, with an approximately 10% to 30%
increased risk of fracture, likely explained by unique cancer-
specific risk factors for MOF that are not captured by FRAX.

Clinically, these results demonstrate that individuals with
a diagnosis of cancer are at higher risk of fracture, even after
adjusting for FRAX with BMD, but that excess risk appears to
be balanced with excess mortality in this population, preserv-

Figure. Calibration Curves of Observed vs Fracture Risk Assessment Tool (FRAX)–Predicted 10-Year Fracture Probability for Individuals With Cancer
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These graphs represent the calibration curves for observed vs FRAX-predicted 10-year fracture probability for individuals with cancer. Error bars represent 95% CIs.
BMD indicates bone mineral density. The gray dotted line is 1.0 calibration line, and the blue dashed line is the line for which the slope is specified (the line of best fit).

Table 3. Interaction Between Fracture Risk Assessment Tool (FRAX) Score and Cancer Status

HR per SD (95% CI)

MOF Hip fracture

FRAX without BMD FRAX with BMD FRAX without BMD FRAX with BMD
Noncancer cohort 1.93 (1.88-1.99) 2.05 (1.99-2.11) 3.44 (3.22-3.67) 4.10 (3.82-4.41)

Cancer cohort 1.73 (1.63-1.84) 1.84 (1.74-1.95) 2.95 (2.59-3.37) 3.61 (3.13-4.15)

FRAX × cancer status, P for interaction .001 .001 .04 .11

Abbreviations: BMD, bone mineral density; HR, hazard ratio; MOF, major osteoporotic fracture.
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ing the accuracy of FRAX with BMD to predict MOF and hip
fractures in cancer survivors. Further, the lack of effect modi-
fication by cancer diagnosis sites on the predictive value of
FRAX supports the generalizability of these results across can-
cer sites, albeit certain cancer sites were less well represented
in this predominantly female cohort. Reassuringly, FRAX, par-
ticularly with BMD, has previously been shown to perform well
in those with prostate cancer and breast cancer.31,32 The in-
creased sample size of this study allowed for the evaluation
of greater quantiles resulting in more precise calibration curves.
The matched control group also allowed us to compare frac-
ture risk among individuals with and without cancer.

The major strength of this study is that this is the largest
cohort of patients with a history of cancer diagnosis with as-
sociated BMD and FRAX data, along with long-term outcome
data, allowing sufficient sample size to perform the first vali-
dation of a fracture prediction tool with and without BMD
across fracture risk categories and cancer types. Additionally,
fracture definitions used in this study have previously been
validated against radiograph review.38

Limitations
One limitation of this study is that the study cohort is a se-
lected group of cancer survivors who have been referred for
DXA and may not be representative of a general cancer co-
hort. However, as a result, it is representative of a clinically

meaningful referral population that is being assessed for frac-
ture risk. Our female-predominant cohort makes the results
of our study less robust and generalizable to males with can-
cer. Further, the cancer population is extremely heteroge-
neous, and we cannot conclude that our results can be applied
equally to all cancer subgroups. We do not have information
on the cancer stage or presence of bone metastases at the time
of fracture risk assessment and thus could not examine effect
modification by cancer stage or presence of bone metastases.
Finally, the current validation results are reflective of the cur-
rent mortality risk seen in the cancer population. Improved
survival of patients with cancer will need to be assessed in
the context of emerging evidence that the newest class of
cancer systemic therapy, immune checkpoint inhibitors,
may increase the risk of fractures.7,39,40

There is an important care gap in patients with cancer and
osteoporosis.11 Even in the cohort of cancer survivors who have
been referred for DXA, only 4.2% were on osteoporotic medi-
cations, despite 15.2% having experienced a prior MOF, a sig-
nificantly smaller percentage than that of the general popu-
lation, in which a similar percentage had a prior MOF, but more
than double were on osteoporosis treatment. We recognize that
DXAs are not always accessible. Although our study shows that
FRAX with BMD is more accurate at predicting fracture risk,
FRAX without BMD can still accurately stratify individuals
with cancer into clinically important fracture risk categories.

Conclusions
This retrospective cohort study demonstrates that individu-
als with cancer are at higher risk of fracture than individuals
without cancer and that FRAX, particularly with BMD, may ac-
curately predict fracture risk in this population. These re-
sults, along with the known mortality risk of osteoporotic
fractures among cancer survivors,10 further emphasize the
clinical importance of closing the current osteoporosis care gap
among cancer survivors. Having a validated fracture risk
prediction tool in patients with cancer is an important step in
this direction; however, further research is necessary to ex-
amine ways to increase the assessment of fracture risk and
DXA screening in patients with cancer.
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Table 4. Incident Fracture Outcomes for FRAX Score–Adjusted
Models in the Cancer Cohort

Adjusted modela

Cancer cohort, HR (95% CI)b

MOF Hip fracture

FRAX without BMD 1.04 (0.97-1.11) 1.07 (0.95-1.21)

FRAX with BMD 1.17 (1.09-1.25) 1.30 (1.15-1.47)

Individual FRAX risk factors
and OP drug (without BMD)

1.06 (0.99-1.13) 1.05 (0.92-1.19)

Individual FRAX risk factors
and OP drug (with BMD)

1.12 (1.04-1.20) 1.15 (1.01-1.30)

Abbreviations: BMD, bone mineral density; FRAX, Fracture Risk Assessment
Tool; HR, hazard ratio; MOF, major osteoporotic fracture; OP, osteoporosis.
a The models were adjusted for each of the variables in the first column.
b The cancer cohort is being compared to the noncancer cohort to calculate

the HRs and 95% CIs in each model.
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and Seniors Care (MHASC), or other data providers
is intended or should be inferred.

Data Sharing Statement: See Supplement 2.
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