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Fracture risk among patients with cancer compared to
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BACKGROUND: Patients with cancer may be at increased risk of osteoporosis and fracture; however, gaps exist in the existing
literature and the association between cancer and fracture requires further examination.
METHODS: We conducted a population-based cohort study of Ontario patients with cancer (breast, prostate, lung, gastrointestinal,
haematologic) diagnosed between January 2007 to December 2018 and 1:1 matched non-cancer controls. The primary outcome
was incident fracture (end of follow-up December 2019). Multivariable Cox regression analysis was used to estimate the relative
fracture risk with sensitivity analysis accounting for competing risk of death.
RESULTS: Among 172,963 cancer patients with non-cancer controls, 70.6% of patients with cancer were <65 years old, 58% were
female, and 9375 and 8141 fracture events were observed in the cancer and non-cancer group, respectively (median follow-up 6.5
years). Compared to non-cancer controls, patients with cancer had higher risk of fracture (adjusted HR [aHR] 1.10, 95% CI 1.07–1.14,
p < 0.0001), which was also observed for both solid (aHR 1.09, 95% CI 1.05–1.13, p < 0.0001) and haematologic cancers (aHR 1.20,
95% CI 1.10–1.31, p < 0.0001). Sensitivity analysis accounting for competing risk of death did not change these findings.
CONCLUSIONS: Our study indicates that patients with cancer are at modest risk of fractures compared to non-cancer controls.
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BACKGROUND
As cancer outcomes have improved over time, survivorship has
become increasingly important [1, 2]. The prevalence of osteo-
porosis and fractures in the general population is high, affecting
40% of postmenopausal women and 15–30% of men [3, 4].
Fractures result in morbidity and mortality, owing to pain,
hospitalisation, reduced mobility and quality of life [5–7]. More-
over, prior studies suggest that 1 in 5 individuals with an
osteoporosis-related fracture will die within 12 months [8, 9]. An
increasing number of cancer survivors combined with high
prevalence of fractures forms the rationale for addressing fracture
risk in cancer survivors.
Both cancer and its treatment can compromise skeletal integrity

and contribute to cancer-associated bone loss, as reflected by
lower bone mineral density (BMD) in cancer patients than the
general population [10]. Although prior studies have reported an
increased risk of osteoporotic fractures in the cancer population,
there are limitations to the existing literature. For instance,
previous studies are limited by modest size and restricted to
certain cancer subtypes with more data for solid cancers than
haematologic cancers [11–21], or focus on older cancer survivors
[22]. Furthermore, although evidence supports the use of dual-
energy x-ray absorptiometry (DEXA) scans for BMD testing and
antiresorptive therapy, studies in the general population report
<20% of patients receive osteoporosis treatments, with this
discrepancy between guidelines and real-world practice termed
the ‘osteoporosis care gap’ [23]. While lower BMD has been

demonstrated in patients with cancer compared to the general
population [10], data on the usage of DEXA scans and appropriate
osteoporosis-directed treatments in the cancer population is
sparse. The purpose of this study was to examine fracture risk in
patients with cancer, and in particular, the risk of fracture in
subtypes of solid and haematologic cancers. Secondarily, we
aimed to understand quality of fracture care and whether the
‘osteoporosis care gap’ exists in routine clinical practice.

METHODS
Study design
We conducted a population-based retrospective cohort study using linked
administrative databases, held at ICES (formerly the Institute for Clinical
Evaluative Sciences), which captures individual-level records for all 14
million residents of Ontario, Canada. This study complied with ICES data
confidentiality and privacy guidelines.

Data sources
Patients with cancer were identified using the Ontario Cancer Registry
(OCR), a population-based provincial-wide cancer registry that captures all
incident cancer diagnoses and all cancer deaths in Ontario residents since
1964 (except for non-melanoma skin cancers) [24, 25], using the
International Classification of Diseases Oncology 3rd revision (ICD-O-3)
codes (Appendix Table S1–S3). Comorbidity burden was measured using
The Johns Hopkins’ ACG® System Version 1016, whereby patients are
assigned up to 32 ACG® System Aggregated Disease groups (ADGs) to
characterise patients’ comorbidity burden (cancer and comorbidities
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known to affect fracture/osteoporosis risk were excluded from the ADGs).
Details on data sources can be found in Appendix methods.

Study population, exposure, and definitions
The study population consisted of Ontario residents ≥18 years old. The
exposure cohort comprised of adults diagnosed with a common solid
(breast, gastrointestinal, lung, and prostate) or haematologic cancer
between January 1, 2007 and December 31, 2018. The exclusion criteria
were as follows: invalid health card number; invalid date of death; invalid
age or sex. Eligible cancer patients were 1:1 matched to eligible adults
without cancer (non-cancer controls) based on age (by 5-year stratum) and
sex. Individuals were followed until the first occurrence of an outcome of
interest, death, or the end of the study period (December 31, 2019),
whichever occurred first.

Outcomes
Index date was the date of cancer diagnosis for patients with cancer and
matched non-cancer controls were assigned the same index date. For the
primary analysis, both patients with cancer and non-cancer controls who
had a fracture within two years of index date were excluded. A two-year
look back period was chosen as it is generally accepted for identification of
prevalent cases [26]. Furthermore, the re-fracture risk has been reported to
be highest within 2 years of an initial fracture event [27]. Accordingly, the
primary outcome was any incident fracture, defined as an emergency
department (ED) visit, admission to hospital, or physician claim for any
fracture of the wrist or forearm, shoulder or upper arm, thoracic spine,
lumbar spine and pelvis, hip or femur, or lower leg or ankle (ICD 10th
revision codes in Appendix Table S4). The ICD codes for fractures have
been previously validated with high positive predictive value [28–30].
We excluded fractures secondary to trauma, seizure, motor vehicle

collision, fall from a height, or primary bone malignancy. This algorithm
used herein to identify incident fractures was as previously described [31],
and ICD codes for fractures have been previously validated with high
positive predictive value [28–30].
For exploratory analysis, the proportion who had a DEXA scan and

antiresorptive therapy use with bisphosphonate or denosumab (≥65 years
old for medication use) after a fracture in the subgroup of patients who
developed an incident fracture were compared between cancer and non-
cancer. Patients with cancer who developed an incident fracture were 1:1
matched to non-cancer controls who developed an incident fracture based
on age and sex. These exploratory outcomes were determined in the
following intervals among those who remained alive during these time
intervals: 0–1 years, 1–2 years, 2–3 years, and 3–5 years.

Statistical analysis
Baseline data were analysed using descriptive statistics and reported using
means and standard deviation, medians, and interquartile ranges (IQRs), or
frequency and percentages, where appropriate. Distribution of baseline
characteristics were compared between cancer and non-cancer using
standardised differences to assess for balance (difference of <10%
indicates balance) [32].
For the primary outcome analysis, we used cumulative incidence

functions (CIFs) and multivariable Cox regression model to compare the
risk of fracture between patients with cancer and non-cancer controls and
estimated the hazard ratios (HRs) and 95% confidence intervals (CIs) based
on a comparison of the time-to-event rates. We adjusted for the following
covariates: rural residence status (categorised as residing in postal code
areas with <10,000 residents), income quintile (assigned from Census data
at the neighbourhood level based on postal code), comorbid disease
burden, as well as comorbidities known to influence osteoporosis and
fracture risk including chronic kidney disease (CKD), arthritis, Parkinson’s
disease, dementia, chronic lung disease (asthma or chronic obstructive
pulmonary disease), cerebrovascular disease, falls, and diabetes (ICD codes
in Appendix Table S5). To account for the competing risk of death in
patients with cancer, sensitivity analysis was conducted using the Fine and
Grey model of subdistribution for the primary outcome. Sensitivity analysis
was also conducted including eligible individuals with history of fracture
two years prior to index date. Finally, sensitivity analysis stratified by sex
were conducted.
Stratified analyses were conducted as above for patients with solid

cancer and haematologic cancer, as well as its subtypes, while maintaining
respective 1:1 matched non-cancer controls. The association between
glucocorticoid use, particularly at high doses and prolonged courses has

been well documented [33]. Given that high dose corticosteroids are part
of standard of care for lymphoma treatment, we conducted analysis for
indolent vs. aggressive lymphoma, as well as for the most common
aggressive lymphoma, diffuse large B-cell lymphoma (DLBCL). Patients
with DLBCL were defined as those with newly diagnosed DLBCL receiving
first-line curative intent rituximab-containing chemoimmunotherapy.
For exploratory analysis, we examined: (1) the association between

subtypes of cancer and fracture risk by anatomic site (spine and pelvis, hip
and femur, lower leg and ankle, wrist and shoulder), (2) the association of
patients aged <65 or ≥65 years with fracture risk in subtypes of cancer.
Additionally, for exploratory analysis, the likelihood of having at least 1
DEXA scan and antiresorptive therapy use following incident fracture
events was compared between patients with cancer and non-cancer
controls. We calculated crude event rates with 95% CI of BMD testing with
numerator being number of persons who had BMD assessment and
denominator being time alive during the pre-specified time intervals post
fracture, expressed as 100 person-years.
For all analyses, a two-tailed p value <0.05 was considered statistically

significant. Analyses were conducted using SAS version 9.4 (Cary, NC, USA).

RESULTS
Patient characteristics
Baseline characteristics are summarised in Table 1. The study
cohort comprised 172,963 cancer patients (143,609 solid cancer
patients and 29,354 haematologic cancer patients) as well as their
1:1 matched non-cancer controls. Within solid cancer, there were
56,424, 29,775, 27,973, and 29,437 patients with breast, colorectal,
lung, and prostate cancer, respectively (Appendix Table S6 for
characteristics). Within haematologic cancer, there were 21,363
patients with lymphoma (9709 with indolent lymphoma, 11,654
with aggressive lymphoma, and 3803 with DLBCL), 3973 and 4018
patients with leukaemia and multiple myeloma, respectively
(Table S7 for characteristics). The majority of the cohort were
aged <65 years (70.6%), and 57.9% were female.
As expected, cancer patients had greater comorbid disease

burden than non-cancer controls (median ADG score 6 [IQR, 4–8)]
vs 4 [IQR 1–7]). Cancer patients were more likely to have a
diagnosis of chronic lung disease and arthritis, with standardised
differences of 15%, and 19%, respectively, while other comorbidity
covariates were balanced with standardised differences less
than 10%.

Association between cancer and fracture
During a median follow-up of 6.5 years (IQR 3.7–9.5) for both
cancer patients and non-cancer controls, there were 9375 patients
with cancer who developed an incident fracture (unadjusted rate
of 1.11 per 100 person years, 95% CI 1.09–1.14) while 8141 (0.74
per 100-person years, 95% CI 0.73–0.76) individuals without cancer
developed an incident fracture (Appendix Table S8).
Cancer was associated with a significantly higher risk of an

incident fracture in univariate (HR 1.10, 95% CI 1.06–1.13,
p < 0.0001; Fig. 1 shows unadjusted CIF curve) and multivariable
Cox regression analysis (adjusted HR [aHR] 1.10, 95% CI 1.07–1.14,
p < 0.0001; Table 2). When examined separately in stratified
analysis (while maintaining matched non-cancer controls), an
increased fracture risk was observed for both solid (aHR 1.09, 95%
CI 1.05–1.13, p < 0.0001; Fig. 2a shows unadjusted CIF curve) and
haematologic cancers (aHR 1.20, 95% CI 1.10–1.31, p < 0.0001;
Fig. 2b shows unadjusted CIF curve). Sensitivity analysis account-
ing for competing risk of death did not change these findings
(Appendix Table S9). Similarly, sensitivity analysis including
patients with a fracture two years prior to index date did not
change these findings (Appendix Table S10).
The increase fracture risk was observed for both female and

male patients with cancer (male aHR 1.15, 95% CI 1.08–1.22,
p < 0.0001; female 1.09, 95% CI 1.05–1.13, p < 0.0001), solid
cancer (male aHR 1.07, 95% CI 1.00–1.15, p= 0.05; female aHR
1.15, 95% CI 1.09–1.14, p < 0.0001), and male patients with
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haematologic cancer (male aHR 1.47, 95% CI 1.28–1.69,
p < 0.0001) but not female patients (aHR 1.05, 95% CI
0.94–1.18, p= 0.38). Unadjusted CIF curves stratified by sex are
shown in Appendix Fig. S1.

Association between subtypes of solid cancer and fracture
When stratifying by types of solid cancer, breast cancer (aHR 1.30,
95% CI 1.23–1.37, p< 0.0001) and prostate cancer (1.20, 95%
1.09–1.32, p= 0.0002) were associated with increased fracture risk,
while no associated was observed for GI cancer (aHR 0.96, 95% CI
0.89–1.04, p= 0.29), and lower risk was observed for lung cancer (aHR
0.75, 95% CI 0.68–0.82, p< 0.0001). These results were not changed
when accounting for competing risk of death (data not shown).

Association between subtypes of haematologic cancer and
fracture
When stratifying by types of haematologic cancer, multiple
myeloma was associated with higher risk of fracture (aHR 1.96,
95% CI 1.57–2.45, p < 0.0001), while lower risk was observed for
leukaemia cancer (aHR 0.66, 95% CI 0.50–0.86, p= 0.0021). These
results were not changed when accounting for competing risk of
death (data not shown).
For patients with lymphoma, a higher incident fracture risk was

observed (aHR 1.18, 95% CI 1.06–1.31, p= 0.0018; Table 2). When
lymphoma was further classified as indolent and aggressive,
respectively, patients with indolent lymphoma had higher fracture
risk (aHR 1.36, 95% CI 1.17–1.58, p < 0.0001) compared to controls,
while higher fracture risk was not observed in patients with

aggressive lymphoma when compared to controls (aHR 1.05, 95%
CI 0.90–1.22, p= 0.53) (Table 2). In a well-defined group of
patients with DLBCL, higher fracture risk was observed (aHR 1.38,
95% CI 1.07–1.77, p= 0.012). These results were unchanged when
accounting for competing risk of death (data not shown).

Fracture risk exploratory analysis
Our exploratory analyses suggests that the strength of association
varied by fracture location, suggesting that spine, pelvis, hip, and
femur fractures likely drove the association between cancer and
fracture risk (Appendix Fig. S2). Moreover, the association between
fracture risk by anatomical site varied by subtype of cancer (Appendix
Fig. S3). For instance, breast cancer was associated with fracture risk in
all fracture sites. However, colorectal cancer was associated with hip/
femur fractures but not spine/pelvis fractures while prostate cancer
was associated with higher risk of spine/pelvis fractures.
Adjusted models by subtype of cancer stratified by age <65 or

age ≥65 years were carried out (Appendix Fig. S4). These findings
suggest that cancer subtypes likely have differing effects on
fracture risk in younger vs. older patients, whereby among
patients older than 65 years, fracture risk was not associated with
breast cancer, colorectal cancer, or lymphoma.

DEXA scan following incident fracture
Among those who developed a fracture, 7745 matched patients
with cancer and non-cancer controls pairs were identified. In
unadjusted matched comparison, patients with cancer had a
higher likelihood of a DEXA scan than non-cancer controls within

Table 1. Baseline characteristics of 1:1 age- and sex-matched cancer patients and matched non-cancer controls.

Characteristic Cancer (N= 172,963)a Non-cancer control (N= 172,963) Standardised difference (%)

Age ≥65 years, % 29.4 29.4 0

Sex (female), % 57.9 57.9 0

Rural residence, N (%) 21,743 (12.6%) 19,086 (11.0%) 4.8

Income quintile

1 (lowest) 32,492 (18.8%) 34,406 (19.9%) 2.8

5—n (%) 36,397 (21.0%) 35,630 (20.6%) 1.1

ADG score

Mean (SD) 6.3 (3.4) 4.2 (3.6) 59.0

Median (IQR) 6 (4–8) 4 (1–7)

ADG category

0-4, N (%) 56,366 (32.6%) 97,946 (56.6%) 49.8

5-7, N (%) 58,894 (34.1%) 42,194 (24.4%) 21.4

8-10, N (%) 37,690 (21.8%) 22,375 (12.9%) 23.5

11+, N (%) 20,013 (11.6%) 10,448 (6.0%) 19.6

Comorbidities, N (%)

Dementia 4684 (2.7%) 4036 (2.3%) 2.0

CKD 5286 (3.1%) 2958 (1.7%) 8.8

Arthritis 51,905 (30.0%) 40,497 (23.4%) 15.0

Parkinson’s 202 (0.1%) 174 (0.1%) 0.5

Asthma or COPD 43,251 (25.0%) 30,162 (17.4%) 18.6

Cerebrovascular disease 2056 (1.2%) 1224 (0.7%) 5.0

Falls 9858 (5.7%) 7227 (4.2%) 7.0

Diabetes 28,423 (16.4%) 24,372 (14.1%) 6.5

CAD 4657 (2.7%) 3650 (2.1%) 3.8

Thyroid 45,539 (26.3%) 528 (0.3%) 82.9

ADG aggregated diagnosis groups, CAD coronary artery disease, CKD chronic kidney disease, COPD chronic obstructive lung disease, IQR interquartile range, SD
standard deviation.
*n= 143,609 patients with solid cancer; n= 29,354 patients with haematologic cancer.
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1-year post fracture (cancer: 3.04 100-person years, 95% CI
2.90–3.19; non-cancer: 2.66 100-person years, 95% CI 2.54–2.79),
and similarly between 1–2 years, 2–3 years and 3–5 years among
matched pairs that remained alive during these intervals (Table 3
and Appendix Fig. S5A). When evaluating DEXA scan events by
cancer subtype, patients with solid cancer had higher rate of BMD
testing than non-cancer controls, while patients with haematolo-
gic cancer had a similar likelihood of a DEXA scan (Table 3 and
Appendix Fig. S5A).

Antiresorptive therapy following incident fracture
Among those who developed a fracture ≥65 years old, 3410
matched patients with cancer and non-cancer controls pairs were
identified. In unadjusted matched comparison, patients with
cancer were more likely to be treated with antiresorptive therapy
than non-cancer controls within 1-year post fracture (cancer: 5.64
100-person years, 95% CI 5.31–5.96; non-cancer: 4.87 100-person
years, 95% CI 4.60–5.15), which was not different beyond 1 year
(Table 4 and Appendix Fig. S5B).

DISCUSSION
In this population-based cohort study, a diagnosis of cancer was
associated with a modest increased risk of an incident fracture.
Our study is unique in that it provides contemporary comparative
analysis of fracture risk in a large cohort of patients with various
cancer subtypes, comprised of common solid cancers (including
breast, prostate, lung, and gastrointestinal) and haematologic
cancers, against an age- and sex-matched control population
without cancer.
Findings of our study are concordant with prior studies

demonstrating an increased fracture risk in patients with solid
cancers [15, 16, 22]. For instance, results from the Women’s Health
Initiative showed up to a twofold higher risk of fracture after a
diagnosis of cancer, which was observed for breast, lung, skin,
endometrial, and lymphoma cancers [15]. A recent report by Rees-
Punia et al. showed that older cancer survivors had greater risk of
fractures when compared to older individuals without cancer [22].
Our study adds to the existing body of literature in several ways.
Existing literature examining the association between cancer and
fracture risk has been predominantly limited to specific cancer
subtypes, particularly hormone-sensitive solid cancers such as
breast and prostate [11–14, 17, 18, 34–36]. Here, we included both
patients with solid and haematologic cancers combined followed
by a stratified association analysis by cancer subtype. In addition,
our cohort comprised of younger patients with cancer, with 70%
of included patients aged <65 years. Given that age is a well-
known risk factor for osteoporosis and fractures, our study results
provide evidence that fracture risk is an important health outcome
even in younger cancer survivors. Notably, in exploratory analysis
of fracture risk stratified by age, we found no increased fracture
risk in patients older than 65 years with certain types of cancers
including breast, colorectal, and lymphoma. As our multivariable
models adjusted for important comorbidities associated with
fracture risk which were not included in prior studies, this finding
may be related to a stronger effect of other risk factors in the
model compared to that of cancer. Nevertheless, future studies are
required to delineate the relative contribution of age on fracture
risk for various cancer subtypes.
Indeed, our results corroborate with existing literature that

breast and prostate cancer are associated with greater fracture risk
[11–14, 17, 18, 35, 36]. Lung cancer was associated with lower
fracture risk compared to controls. Although lung cancer is known
to be associated with skeletal-related adverse events (SREs) in the
form of pathological fractures [16, 19], less data is known
regarding osteoporotic fracture risk. The explanation for lower
fracture risk observed for lung cancer here is unclear and requires
future studies for clarification. For GI cancer, we did not observe
an association with fracture, similar to prior reports [37, 38].
Our study comprises the largest cohort of patients with

haematologic cancers to examine the association with fracture
risk. Haematologic malignancies are a heterogenous group of
cancers characterised by uncontrolled growth of haematopoietic
or lymphoid tissues, which can exhibit an indolent to aggressive
clinical course [39]. Herein, we report an increased risk of 18% for
incident fractures in patients with haematologic cancer. For
multiple myeloma, it is well known that SREs are common due
to osteolytic lesions [40], and indeed, we observed the highest
relative fracture risk for patients with multiple myeloma compared
to controls. In acute leukaemias, although bone loss and increased
fracture risk are common complications following haematopoietic
transplant [20, 21], less is known regarding fracture risk in all
patients with leukaemia including those without transplant. Here,
we report lower fracture risk compared to controls, and prompts
further study in patients with leukaemia.
Lymphoma is the most common type of haematologic

malignancy, whereby the most common lymphoma subtypes
include aggressive non-Hodgkin lymphoma such as DLBCL and

Table 2. Adjusted hazard ratios for incident osteoporotic fractures in
cancer patients compared to non-cancer controls.

Adjusted HR (95% CI)a p value

All patients with cancer vs. controls

Cancer cases 1.10 (1.07–1.14) <0.0001

Solid vs. controls

Cancer cases 1.09 (1.05–1.13) <0.0001

Haematologic vs. controls

Cancer cases 1.20 (1.10–1.31) <0.0001

Lymphoma vs. controls

Cancer cases 1.18 (1.06–1.31) 0.0018

DLBCL vs. controls

Cancer cases 1.38 (1.07–1.77) 0.012

Indolent lymphoma vs. controls

Cancer cases 1.36 (1.17–1.58) <0.0001

Aggressive lymphoma vs. controls

Cancer cases 1.05 (0.90–1.22) 0.53

CI confidence interval, CKD chronic kidney disease, COPD chronic
obstructive lung disease, DLBCL diffuse large B cell lymphoma, HR hazard
ratio.
aAdjusted for demographic income quintile and rural status, comorbidity
burden measured by aggregated clinical group score, CKD, arthritis,
dementia, asthma/COPD, cerebrovascular disease, falls, diabetes.
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indolent lymphomas such as follicular lymphoma (FL). With
advances in chemoimmunotherapies, DLBCL has high cure rates,
while FL has long survival, leading to substantial percentage of
patients with lymphoma becoming long-term survivors. Gluco-
corticoids are included in many lymphoma regimens. For example,
six cycles of R-CHOP (rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone) results in 3000mg cumulatively over
18 weeks, with average of 24 mg/day, raising concern for
glucocorticoid induced osteoporosis (GIO) [41, 42]. Here, we
observed an estimated increased fracture risk of 18% in patients
with lymphoma compared to persons without cancer. This
corroborates with prior studies demonstrating BMD reduction
and fracture risk in patients treated for non-Hodgkin lymphoma
[43–48]. For instance, in the Danish study of 2589 lymphoma
patients (DLBCL or FL), osteoporosis treatment initiation or low-

impact fracture was increased compared to matched controls
(61% relative risk), particularly within first 2 years after treatment
[44]. In a study of 729 older DLBCL patients treated with R-CHOP,
the cumulative fracture incidence was 11.4%, albeit without
comparative analysis with matched controls [45]. These studies
did not adjust for comprehensive list of comorbidities known to
influence fracture risk as we did here and only few studies’ primary
outcome was fracture, while others were focused on bone density.
A caveat is the inability to adjust for important lifestyle variables
and disease characteristics in our models.
When further stratifying lymphoma analysis for indolent and

aggressive lymphoma, we found a 36% increased fracture risk for
patients with indolent lymphoma. Although many patients
with indolent lymphoma do not require treatment, osteoporosis
was observed even in untreated patients with non-Hodgkin’s

Table 4. Incidence rate per 100 person-years with 95% confidence intervals for antiresorptive therapy (bisphosphonate or denosumab) use after
incident fracture for cancer and non-cancer controls.

0–1 year post fracture 1–2 years post fracture 2–3 years post fracture 3–5 years post fracture

All cancer

Cancer 5.64 (5.31, 5.96) n= 3410 4.16 (3.87, 4.44) n= 2829 3.07 (2.82, 3.31) n= 2627 2.66 (2.42, 2.90) n= 2246

Non-cancer control 4.87 (4.60, 5.15) n= 3410 3.99 (3.74, 4.24) n= 3274 3.06 (2.82, 3.31) n= 3164 2.56 (2.35, 2.77) n= 2910

Solid cancer

Cancer 5.66 (5.31, 6.01) n= 2900 4.13 (3.83, 4.44) n= 2423 3.03 (2.77, 3.30) n= 2257 2.61 (2.35, 2.86) n= 1940

Non-cancer control 4.77 (4.48, 5.06) n= 2900 3.97 (3.70, 4.23) n= 2787 3.02 (2.79, 3.26) n= 2701 2.50 (2.28, 2.72) n= 2500

Haematologic cancer

Cancer 5.51 (4.65, 6.38) n= 499 4.31 (3.53, 5.09) n= 402 3.27 (2.57, 3.96) n= 367 3.00 (2.30, 3.70) n= 305

Non-cancer control 5.00 (4.27, 5.71) n= 499 3.67 (3.04, 4.29) n= 477 3.06 (2.48, 3.64) n= 452 2.51 (1.96, 3.05) n= 402

Table 3. Incidence rate per 100 person-years with 95% confidence intervals of bone mineral density testing in subgroup of patients with cancer and
non-cancer controls who developed an incident fracture.

0–1 year post fracture 1–2 years post fracture 2–3 years post fracture 3–5 years post fracture

All cancer

Cancer 3.04 (2.90, 3.19) n= 7745 1.61 (1.50, 1.71) n= 6819 1.23 (1.13, 1.32) n= 6513 1.47 (1.37, 1.58) n= 5914

Non-cancer control 2.66 (2.54, 2.79) n= 7745 1.07 (0.99, 1.15) n= 7583 0.95 (0.88, 1.03) n= 7472 1.07 (0.97, 1.13) n= 7192

Solid cancer

Solid cancer 3.11 (3.08, 3.39) n= 6558 1.65 (1.53, 1.77) n= 5770 1.25 (1.15, 1.36) n= 5513 1.52 (1.40, 1.64) n= 5016

Non-cancer control 2.69 (2.53, 2.81) n= 6558 1.10 (1.01, 1.19) n= 6431 0.95 (0.87, 1.04) n= 6341 1.09 (1.00, 1.18) n= 6107

Haematologic cancer

Haematologic cancer 2.68 (2.31, 3.04) n= 1170 1.23 (0.98, 1.47) n= 1036 0.96 (0.74, 1.18) n= 989 1.15 (0.90, 1.40) n= 895

Non-cancer control 2.47 (2.15, 2.79) n= 1170 0.84 (0.65, 1.03) n= 1144 0.90 (0.71, 1.09) n= 1121 0.88 (0.69, 1.08) n= 1069
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lymphoma [49]. Our study did not find higher fracture risk in
aggressive lymphomas overall, but does for a more defined cohort
of DLBCL patients treated with R-CHOP. This is congruent with
prior studies demonstrating higher fracture risk in DLBCL patients
who underwent R-CHOP treatment [44, 45, 50]. The precise reason
for lack of significant fracture risk in all aggressive lymphomas is
unclear and is hypothesis generating, requiring future studies to
delineate and characterise the association between various
lymphoma subtypes and fracture risk.
Our study has several limitations. As in all observational studies,

there is a risk of misclassification and selection bias. Our primary
outcome was non-traumatic fractures defined as exclusion of
trauma using ICD codes; however, trauma ICD codes have not been
validated, which may bias the interpretation of our results.
Moreover, we could not capture minor or asymptomatic fractures,
such as vertebral fractures that did not require hospital-based care.
This may underestimate the association between cancer and
fracture risk. We aimed to minimise misclassification bias with
validated database definitions for cancer and defining the primary
outcome as fracture, rather than osteoporosis which is likely under-
reported in administrative databases. Furthermore, the potential for
misclassification is reduced by using hospital-based fractures as our
outcome. Although outside the scope of this study, longer follow-up
in future studies is required to adequately evaluate fracture risk
during different phases of cancer survivorship. We were unable to
measure important factors that may affect the association between
cancer and fracture risk, such as body mass index, family history,
smoking status, menopausal status in women, caffeine or alcohol
intake, and dietary and lifestyle factors. Cancer-related factors such
as cancer stage, remission status, recurrence, and treatment
regimens received were also not available and was not a primary
aim of our study. As such, we could not adjust for these potential
confounding factors in our multivariable models and residual
confounding may be possible. Due to limitations of Ontario
medication database (available for those >65 years old), we are
unable to ascertain medications that predispose to fractures or
osteoporosis treatment medications. Although we found more BMD
testing and antiresorptive use following incident fracture, our
sample size for these exploratory analysis limits a robust analysis
and requires to be examined in future studies. We did not have
access to BMD scan results, which usually guide frequency of follow-
up BMD scans. Fractures are later stage of osteoporosis and
underestimate the effect of cancer on BMD since not all patients
with clinical osteoporosis experience fractures. Lastly, our observa-
tional study sought to evaluate the association of cancer with
fracture risk, rather than establishing causality.
Despite these limitations, the large sample size of matched

patients with cancer and stratified analysis for haematologic and
solid cancer, sensitivity analyses accounting for patient death and
previous fractures, as well as exploratory descriptive analysis of
BMD testing and antiresorptive therapy adds to the growing body
of literature on fracture risk in the cancer population.
In conclusion, patients with cancer are at modest risk of fractures

compared to non-cancer controls, particularly for breast, prostate,
lymphoma, and multiple myeloma. Our study results highlight that
fracture prevention is likely important in optimising health outcomes
in the growing number of cancer patients and survivors.
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