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Fracture risk in patients with different types of cancer
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Abstract

Background. Few studies on the risk of fractures in patients with cancer exist, and little is known on the mechanisms of
fractures in patients with cancer. We studied the risk of fracture in patients with various types of cancer. Subjects and methods.
Case control study. There were 124 655 fracture cases and 373 962 age and gender matched controls. Results. An increased
risk of fractures, primarily within the first year after diagnosis was seen in patients with primary bone cancer (OR =3.51,
95% CI: 1.54-8.01), multiple myeloma (OR =5.21, 95% CI: 2.96-9.19), metastases to the bone (OR =5.28, 95% CI:
3.58-7.79), metastases to other organs than bone (OR =1.85, 95% CI: 1.50-2.29), lung cancer (OR =1.90, 95% CI: 1.51—
2.38), and cancer of the liver, gall bladder and pancreas (2.14, 95% CI: 1.39-3.31). For patients with prostate cancer an
increase in the risk of fractures was seen with time. Other cancer types were not associated with an increased risk of
fractures. Conclusions. A high risk group regarding fractures includes cancers primarily affecting the bone (primary bone
cancer, multiple myeloma, metastases to the bone, metastases to other organs than bone, lung cancer, and cancer of the
liver, gall bladder and pancreas, and prostate cancer). The main increase in risk of fractures in this group was seen within
the first year following diagnosis. A low risk group for fractures included all other cancer types (e.g. cancer of the breast,

colon, skin etc). This may have implication for which patients should be selected for prevention against fractures.

Certain cancer types have been associated with an
increased risk of fractures. However, only few cancer
types have been the object for detailed study of
fracture risk.

Most research has focused on prostate cancer,
where a decreased bone mineral density (BMD) and
an increased risk of fractures, mainly linked to the
use of anti-androgen therapy (androgen deprivation
therapy) has been demonstrated [1]. Other types of
cancer have not been studies in detail. In women
with breast cancer an increased risk of vertebral
fractures has been shown [2], whereas the overall
risk of fractures was not increased [3]. Women with
low BMD also have an increased risk of breast
cancer [4], and may therefore also have an increased
risk of fractures. Furthermore, recent randomised
controlled trials have demonstrated that aromatase
inhibitors were associated with a significantly higher
risk of fractures than tamoxifen due to the lowering
of estradiol levels by the aromatase inhibitors,
whereas tamoxifen has partial estrogen agonistic
properties [5]. Combining aromatase inhibitors
with tamoxifen prevents much of the bone loss

associated with aromatase inhibitors [5]. However,
the increase in BMD is much lower than with
tamoxifen alone [5]. Surprisingly one study has
shown an increased risk of hip fractures in women
treated with tamoxifen [6]. Chemotherapy in women
with breast cancer leads to a rapid decrease in BMD
through lowering of estradiol levels [7]. The effect
may thus be much larger in pre- than in postmeno-
pausal women. High risk of fractures have also been
reported in children with leukaemia, but the risk was
not compared to that of the general population [8].
In children with acute lymphoblastic leukaemia an
increased risk of fractures has been demonstrated
compared to the general population [9]. However, it
may seem that childhood survivors of leukaemia may
regain normal BMD [10] although this may not be
the case for all survivors. Fractures may also be
frequent in Ewing sarcoma, but no comparison with
the general population have been performed [11].
Most reviews have assumed that metastases to the
skeleton were the main culprit as to any skeletal
morbidity including fractures [12,13]. Regarding the
causes of fractures little is known as most evidence
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stems from the effects of treatment of the cancer on
bone mineral density. Six main factors may be
present: 1) hypogonadism either through the cancer
directly destroying hormonally active tissue or
through interference with the gonads through sur-
gery, irradiation [14,15], chemotherapy [16,17] or
other medical treatment (say aromatase inhibitors in
breast cancer [18]) leading to osteoporosis in the
same way as postmenopausal osteoporosis, 2) local
invasion of cancer tissue leading to pathological
fractures, 3) malnutrition following nausea and
vomiting leading to deficiency in nutrients such as
calcium and vitamin D, 4) immobilisation leading to
muscle wasting and bone loss, 5) drugs (besides
interference with gonadal steroids, drugs such as
chemotherapeutics and corticosteroids may interfere
with bone turnover, but pain medication such as
morphine may also affect risk of fractures [19]
through an increased risk of falls) and 6) hormonal
or other activity of the tumour (e.g. production of
cytokines, parathyroid hormone related peptide
(PTHrP) [20] etc.) perhaps leading to an increased
bone loss.

Differences between cancer types may give vital
clues to the pathogenesis of osteoporosis in patients
with malignant diseases, and with the improving
survival for many cancer patients this may hold
perspectives for preventive measures against long
term consequences on the skeleton of the cancer per
se and/or its treatment.

In recent years the advent of bisphosphonates has
shown effect against skeletal metastases and
fractures in patients with various forms of cancer
[21-23].

Subjects and methods

In Denmark the extensive nature of registers cover-
ing contacts to the health sector offers good possi-
bilities for studies on the occurrence of fractures
[24]. Using the unique 10-digit civil registry number
that is assigned to all Danish citizens shortly after
birth, a complete hospital discharge and prescription
history can be established for each individual, and
valid linkage between population-based registries
can be obtained. The unique civil registry number
is used in all registers, i.e. if a person buys a drug on
prescription, the drug is registered as bought by this
individual, and the same calls for admissions to
hospitals and contacts to general practitioners for
reimbursement purposes.

This case-control study was performed within the
Danish population that constituted approximately
5.3 million individuals during the study period.

The study was subject to control by the National
Board of Health, and the Danish Data Protection
Agency.

Study design

The study was designed as a classical case-control
study. Cases were all subjects, men and women,
children and adults, who sustained a fracture during
the year 2000. Controls were matched subjects
without a fracture in the year 2000. Exposure was
use of drugs and diseases before the date of fracture
or a matched dummy date in the controls. Informa-
tion on fractures and diseases prior to the fracture
was based on hospital records of in- and outpatients,
and did not include diagnoses from general practi-
tioners.

Identification of fracture cases

In Denmark, The National Hospital Discharge
Register covers all contacts (on in- or out-patient
basis) to the hospitals [25]. The register was
founded in 1977, but outpatient records were first
completely incorporated from 1995. The files of
The National Hospital Discharge Register include
information on the civil registry number of the
patient, date of discharge, and discharge diagnoses,
assigned exclusively by the physician at discharge
according to the Danish version of the International
Classification of Diseases, 8th revision (ICD-8)
until the end of 1993, and to the Danish version
of the International Classification of Diseases, 10th
revision (ICD-10). The register has nationwide
coverage of public hospitals with an almost 100%
completeness of recordings and a high precision of
diagnoses [25], especially of fracture diagnoses
[26]. Using The National Hospital Discharge
Register we identified all subjects (men and wo-
men, children and adults), who had sustained a
fracture between January 1, 2000 and December
31, 2000 (n =124 655).

For end points analyses of all fractures, hip, spine
and forearm fractures were selected. These were
selected as overall risk of fractures produces an
impression of the gross effect of cancer on risk of
fractures. Hip and forearm fractures are among the
most frequent types of fractures, and a detailed
analysis of these would provide insight into different
patterns of fracture risk in patients with cancer.
Metastases to the spine and pathological fractures of
the hip are frequent skeletal manifestations of
skeletal metastases, and were thus included. Hip,
spine and forearm fractures are often considered
osteoporotic fractures and may thus be indicative of



sex steroid deficiency as seen in several types of
cancer induced either by surgery to the gonads,
irradiation or by chemotherapy or other specific
cancer treatment such as aromatase inhibitors in
breast cancer. These were thus selected as they were
considered the subtypes of fractures that potentially
could provide the most information on changes in
fracture risk and causes of any change in the risk of
fractures.

Selection of population-based controls

Using the Civil Registration System, which has
electronic records on all changes in vital status,
including change of address and date of death for
the entire Danish population since 1968, we ran-
domly selected three controls for each case, matched
gender and age by matching with year of birth (n =
373962). The controls were selected using the
incidence-density sampling technique [27], i.e.,
the controls had to be alive and at risk for fracture
diagnosis at the time the corresponding case was
diagnosed.

Data on use of drugs

In Denmark, pharmacies are equipped with a com-
puterised accounting system through which data are
sent directly to a Register of Medicinal Product
Statistics (i.e., a prescription database) at The Danish
Medicines Agency with key information on prescrip-
tions for refundable drugs. The prescription database
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includes information on the patient’s civil registry
number, the type and amount of drug prescribed
according to the Anatomical Therapeutical Chemical
classification system (ATC) [28,29], and the date the
prescription was filled. The database was started on
January 1, 1996 and updated hereafter. We included
all drugs bought during the observation period
available in the database.

Each time a subject goes to the pharmacy with a
prescription filled by a doctor, the pharmacy regis-
ters: 1) Who bought the drugs, 2) The date of filling
the prescription, 3) The type of drugs, and 4) The
number of tablets and the dose of the tablets (e.g.
100 pills of amitriptyline each of 25 mg).

Data on cancer diagnoses

The cancers were identified from the National
Hospital Discharge register in the period January
1, 1977 to December 31, 2000. Only cancers
occurring before the date of the fracture were
included. The cancers were stratified into groups
based on organ system affected (see Table I). Time
since first occurrence of a diagnosis until the date of
fracture or censoring was recorded.

Data on confounding factors

We analysed for presence of alcoholism [30], any
fracture [31], use of pain medication (strong analge-
sics as morphine and other opioid agonists [19], and
weak analgesics as acetaminophen, acetylsalicylic

Table I. Baseline characteristics of the patients with cancer. Figures for age and time since diagnosis is mean and SEM.

Time from Fractures in

Cancer type N Age (1) (years) diagnosis (years) cases/controls (number)
Mouth, pharynx and salivary glands 653 70.0+0.6 6.6+0.2 221/432
Oesophagus, ventricle and small intestine 500 75.240.7 7.840.3 180/320
Liver, gall bladder, pancreas 304 73.14+0.8 5.9+0.4 109/105
Colon and rectum 3869 78.44+0.2 7.9+0.1 1032/2837
Nose, larynx 394 70.44+0.7 7.94+0.3 128/266
Lung 1193 70.5+0.4 5.4+0.2 486/707
Malignant melanoma 1290 68.94+0.4 9.0+0.2 325/965
Non melanoma skin cancer 2936 78.440.3 5.7+0.1 801/2135
Kidney and urinary tract 1564 74.940.4 7.94+0.2 477/1 087
Breast cancer (women only) 6411 72.840.2 8.7+0.1 1817/4594
Female genitalia (women only) 3789 73.1+0.2 10.9+0.1 1006/2783
Male genitalia (men only) 512 48.440.8 8.94+0.3 138/374
Prostate cancer (men only) 1036 78.9+0.3 4.7+0.1 406/630
Primary bone cancer 188 60.84+1.6 7.44+0.5 83/105
Lymphomas and leukaemia 1461 63.64+0.6 7.34+0.2 439/1 022
Multiple myeloma 238 73.840.8 4.740.3 123/115
Bone metastases 314 72.3+0.7 3.440.3 206/108
Other metastases excl. bone 1416 70.940.4 6.240.2 536/880
Other and non-specified 1178 63.34+0.7 7.1+0.2 372/806

(1) Age in years at time of fracture or comparative dummy date among the controls. N: Number of patients with cancer (fracture cases and

control patients combined).
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acid, and non-steroidal anti-inflammatory drugs
(NSAIDs) [32]), and use of corticosteroids [33].
The presence of all confounders was recorded prior
to the date of the fracture.

Information on alcoholism was collected as ap-
pearance of a diagnosis of alcoholism in the National
Hospital Discharge Register [25] or in the Psychia-
tric Central Register [34], or a prescription of
disulfiram in the Prescription database. Information
on prior fractures was based on data from the
National Hospital Discharge register [25].

Statistics

Data from the different registers were merged at the
National Bureau of Statistics, and for each subject
the 10 digit civil registry number was substituted by
a unique case number i.e., as investigators we had no
access to personally identifiable information. Mean
and standard deviation were used as descriptive
statistics. Crude odds ratios (OR’s) were calculated
and 95% confidence intervals approximated using
the method of Miettinen [35]. A conditional logistic
regression analysis was used to assess the association
between the fracture in question and the exposure
variables.

Analyses were performed wusing STATA 8.1
(STATA Corp., College Station, Tx) and SPSS
14.0 (SPSS Inc., Chicago Ill.) — both in the Unix
version.

Results

Table I shows baseline characteristics of the cancer
patients. Most patients were above the age of 70
years at the time of the fracture, and in most cases
the mean duration of cancer was above 5 years at the
time of fracture. A total of 24 807 subjects had at
least one diagnosis of a cancer (excluding metastases
from the primary cancer), and among these 9.8%
(n =2436) had more than one diagnosis of cancer in
different organs (say a case of skin cancer and breast
cancer diagnosed at a later stage).

Table II shows the OR of any fracture with a
diagnosis of cancer between 1977 and 2000. In most
cases the crude analysis showed an increased overall
risk of fractures. Upon adjustment the OR of any
fracture was attenuated, especially after the intro-
duction of adjustment for use of pain medication.
Upon multiple adjustment the OR for fracture fell
below that of the background population (OR <1)
for skin cancer (malignant melanoma and non-
melanoma skin cancer), breast cancer, colon cancer,
and cancer of female genitalia. After multiple
adjustments for confounders, lung cancer, prostate
cancer, multiple myeloma, bone metastases, and
metastases in other locations were associated with
an increased overall risk of fractures. The other
cancer types were not associated with risk of any
fracture.

Table III shows the effect of time since diagnosis
on OR of any fracture. The crude ORs for any

Table II. Risk of any fracture in patients with various cancer forms compared to patients without any type of cancer.

Cancer type

Crude OR (95% CI)

Mutually Adjusted Multiply Adjusted**

Mouth, pharynx and salivary glands
Oesophagus, ventricle and small intestine
Liver, gall bladder, pancreas

Colon and rectum

Nose, larynx

Lung

Malignant melanoma

Non melanoma skin cancer

Kidney and urinary tract

Breast cancer (women only)

Female genitalia (women only)
Male genitalia (men only)

Prostate cancer (men only)

Primary bone cancer

Lymphomas and leukaemia
Multiple myeloma

Bone metastases

Other metastases excl. bone

Other and non-specified

1.54 (1.31-1.81)*
1.69 (1.41-2.03)*
1.68 (1.33-2.12)*
1.09 (1.02-1.17)*
1.44 (1.17-1.78)*
2.07 (1.84-2.32)*
1.01 (0.89-1.15)

1.13 (1.04-1.22)*
1.32 (1.18-1.47)*
1.19 (1.13-1.26)*
1.09 (1.01-1.17)*
1.11 (0.91-1.35)

1.94 (1.71-2.20)*
2.37 (1.78-3.16)*
1.29 (1.15-1.44)*
3.21 (2.49-4.14)*
5.73 (4.54-7.23)*
1.83 (1.64-2.04)%
1.39 (1.23-1.57)%

1.38 (1.17-1.68)*
1.59 (1.32-1.91)*
1.52 (1.20-1.93)*
1.04 (0.97-1.12)

1.28 (1.04-1.59)*
1.83 (1.63-2.08)*
0.95 (0.83-1.08)

1.08 (0.99-1.17)

1.22 (1.09-1.36)*
1.11 (1.05-1.18)*
1.05 (0.98-1.13)

1.06 (0.87-1.29)

1.64 (1.44-1.87)*
1.74 (1.29-2.34)*
1.17 (1.04-1.31)*
2.91 (2.25-3.76)*
3.98 (3.13-5.06)*
1.43 (1.28-1.61)*
1.18 (1.04-1.34)*

1.00 (0.84-1.18)
1.13 (0.94-1.38)
1.08 (0.84-1.38)
0.79 (0.74-0.84)
1.00 (0.80-1.25)
1.30 (1.15-1.47)*
0.87 (0.76-0.99)*
0.85 (0.78-0.93)*
0.96 (0.85-1.07)
0.85 (0.81-0.91)*
0.84 (0.78-0.91)*
1.03 (0.84-1.26)
1.35 (1.18-1.55)*
1.35 (0.99-1.85)
0.99 (0.88-1.12)
1.96 (1.50-2.57)*
3.01 (2.34-3.86)*
1.30 (1.16-1.47)*
1.00 (0.87-1.14)

*2p <0.05, Adjusted for other cancers (occurrence of mouth, pharynx, salivary gland cancer, oesophagus, ventricle and small intestine
cancer, liver, gall bladder, and pancreas cancer etc.), **adjusted for other cancers, use of corticosteroids, alcoholism, use of pain medication
(morphine and other opioid agonists, NSAIDs, Acetylsalicylic acid, and acetaminophen), and prior fracture.
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Table III. Effect of time since diagnosis on risk of any fracture — multiply adjusted OR and 95% CI**.
Cancer type <1 year 1-5 years >5 years

Mouth, pharynx and salivary glands
Oesophagus, ventricle and small intestine
Liver, gall bladder, pancreas

Colon and rectum

Nose, larynx

Lung

Malignant melanoma

Non melanoma skin cancer

Kidney and urinary tract

Breast cancer (women only)

Female genitalia (women only)
Male genitalia (men only)

Prostate cancer (men only)

Primary bone cancer

Lymphomas and leukaemia
Multiple myeloma

Bone metastases

Other metastases excl. bone

Other and non-specified

0.81 (0.49-1.34)
0.84 (0.51-1.39)
2.14 (1.39-3.31)*
0.82 (0.66-1.03)
0.84 (0.44-1.59)
1.90 (1.51-2.38)*
1.12 (0.75-1.69)
0.96 (0.75-1.22)
1.25 (0.92-1.70)
0.78 (0.64-0.96)
0.76 (0.56-1.04)
0.70 (0.33-1.50)
1.19 (0.87-1.64)
3.51 (1.54-8.01)*
1.21 (0.98-1.64)
5.21 (2.96-9.19)*
5.28 (3.58-7.79)*
1.85 (1.50-2.29)*
1.39 (1.01-1.93)*

1.09 (0.83-1.43)
1.44 (1.02-2.03)*
0.90 (0.56-1.46)
0.83 (0.73-0.94)*
0.91 (0.61-1.35)
1.33 (1.08-1.65)*
0.95 (0.74-1.21)
0.82 (0.72-0.93)*
0.98 (0.80-1.21)
0.88 (0.79-0.98)*
0.87 (0.74-1.02)
1.19 (0.82-1.71)
1.36 (1.12-1.65)*
1.34 (0.77-2.32)
0.92 (0.75-1.14)
1.54 (1.01-2.33)*
2.39 (1.54-3.71)*
1.37 (1.10-1.71)*
0.80 (0.63-1.01)

0.96 (0.75-1.24)
1.08 (0.83-1.41)
0.66 (0.43-1.01)
0.77 (0.70-0.85)*
1.09 (0.81-1.47)
0.86 (0.69-1.07)
0.81 (0.69-0.96)*
0.86 (0.75-0.98)*
0.86 (0.74-1.00)
0.87 (0.81-0.93)*
0.84 (0.77-0.92)*
1.03 (0.79-1.33)
1.44 (1.14-1.81)*
1.01 (0.63-1.59)
1.00 (0.85-1.17)
1.31 (0.82-2.12)
1.07 (0.62-1.86)
0.88 (0.73-1.07)
1.02 (0.85-1.23)

*2p <0.05, **adjusted for use of corticosteroids, alcoholism, use of pain medication (morphine and other opioid agonists, NSAIDs,

Acetylsalicylic acid, and acetaminophen), and prior fracture.

fracture were statistically significant for cancer of the
mouth, pharynx and salivary glands at all time points
with a declining trend. For cancer of the oesophagus,
ventricle and small intestine significance was seen at
all time points with no particular trend with time.
For the liver, gall bladder and pancreas the pattern
was similar for crude and adjusted ORs. For the
colon and rectum the crude ORs were statistically
significantly elevated for 1-5 years after diagnosis but
not at other time points. For the nose and larynx, a
statistically significant increase was seen for dura-
tions since diagnosis of more than 5 years. For the
lungs the pattern for the crude ORs were similar to
the adjusted ORs except that borderline statistical
significance was obtained for durations >5 years.
For malignant melanomas no statistical significance
was obtained for the crude ORs while these were
statistically significant for durations <1 year and
>5 years for non-melanoma skin cancer. For the
kidney and wurinary tract the crude ORs were
statistically significant for all durations with a
declining trend with time. For breast cancer the
crude ORs were statistically significantly increased
for durations >1 year. For male and female genital
cancers no statistical significant association was
present with any duration for the crude ORs.
Prostate cancer showed a statistically significant
association with all durations with an increasing
trend for the crude ORs. For primary bone cancer
the pattern was similar for crude and adjusted ORs
with the exception that statistical significance was
present for <5 years in the crude analysis and <1 in
the adjusted analysis. For the lymphomas and

leukaemias, multiple myeloma and bone metastases
a statistically significant increase in risk of fractures
was seen for all durations in the crude analysis with a
declining trend with age. For metastases other than
bone a significant increase in the crude analysis was
present for duration <5 years. For other and non-
specified cancers a statistically significant increase
was present in the crude analysis for durations <1
year and >5 years. The factor with the greatest
impact on risk of fractures was adjustment for use of
analgesics.

In the adjusted analysis three distinctive patterns
were present:

1. A high OR early after diagnosis followed by a
decline in relative risk of fracture to the same
levels as in the background population (seen for
bone metastases, multiple myeloma, primary
bone cancer, cancer of the liver/gall bladder or
pancreas, metastatic disease in other locations
than bone, lung cancer, and other and non-
specified cancers)

2. No association with fracture risk (oral cavity,
nose/larynx, kidney/bladder, male genitalia, and
lymphomas/leukaemia)

3. Initially mainly no association, but a decline
with time below that of the background popu-
lation (colon cancer, malignant melanoma,
non-melanoma skin cancer, breast cancer, and
female genitalia).

Variations over this pattern were a) prostate cancer,
which was associated with an increased risk even
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with prolonged time of observation, and perhaps a
small increase with time, and b) cancer of the
oesophagus, ventricle, and small intestine, where a
limited increase in fracture risk was seen within 1-5
years after diagnosis.

Among women with breast cancer, only 39 had
used aromatase inhibitors, while 656 had used
tamoxifen. Inclusion of tamoxifen or aromatase
inhibitors did not significantly change the results.
Further adjustment for use of hormone therapy
(HT) did not completely increase the OR to that
of the background population for breast cancer.
Adjustment for use of HT also did not return the
risk to that of the background population for cancer
of the female genitalia or for colon cancer.

Table IV shows the OR of hip fractures. In general
the pattern was the same as for any fracture,
however, the OR was much more pronounced for
hip fractures in patients with a duration since
diagnosis of cancer of less than one year.

Table V shows the OR of forearm fractures.
Overall the pattern tended to be similar to that for
overall fracture risk in Table III.

Table VI shows the OR of vertebral fractures. In
general the pattern was similar to that in Table IV,
but tended to be more pronounced with a short
duration of cancer.

Stratification for gender did not change the overall
results (data not shown). Age stratification (<65
years, 66—75 years, and >75 years) did not change
the overall results. There were too few subjects with
cancer for detailed analysis of subjects younger than
50 years of age.

Discussion

In this large-scale population based case-control
study, we have shown significant differences in the
risk of fractures associated with various cancer types.
This may point at different pathophysiological me-
chanisms, but may also help to identify patients at
particular risk of fractures, which may be in need of
preventive measures.

Regarding the different fracture patterns, the
following may be pointed out:

1. Local cancer in bone (primary bone malig-
nancy, multiple myeloma, and bone metas-
tases) was highly associated with fractures
most likely due to direct weakening of bone
architecture. The same may be the case for
metastases in other localisations than bone —
although these do not directly affect bone, these
patients may be more likely to develop further
metastases to the skeleton and thus suffer
fractures. Alternatively, the fractures may
be caused by immobilisation, malnutrition,
chemotherapy, calls etc.

2. Skin cancer (melanoma and non-melanoma
skin cancer): These are associated with sun
exposure and thus potentially a high average
serum vitamin D level. High serum vitamin D
levels may be protective from cancer [36,37],
falls [38], and osteoporotic fractures [39].
Malignant melanoma carries a high risk of
metastases in contrast to other types of skin
cancer, however despite this both malignant
melanoma and other types of skin cancer were

Table IV. Risk of hip fracture associated with various cancer types stratified by time since diagnosis — multiply adjusted OR and 95% CI**.

Cancer type

<1 year

1-5 years

>5 years

Mouth, pharynx and salivary glands
Oesophagus, ventricle and small intestine
Liver, gall bladder, pancreas

Colon and rectum

Nose, larynx

Lung

Malignant melanoma

Non melanoma skin cancer

Kidney and urinary tract

Breast cancer (women only)

Female genitalia (women only)
Male genitalia (men only)

Prostate cancer (men only)

Primary bone cancer

Lymphomas and leukaemia
Multiple myeloma

Bone metastases

Other metastases excl. bone

Other and non-specified

2.53 (0.56-11.4)
1.28 (0.43-3.82)
3.24 (1.49-7.05)*
1.08 (0.69-1.70)
5.21 (2.97-9.16)*
2.05 (0.80-5.27)
1.06 (0.66-1.70)
1.91 (1.00-3.62)*
1.03 (0.63-1.69)
1.25 (0.60-2.61)
1.69 (0.31-9.37)
1.70 (0.95-3.03)
15.0 (1.45-155)*
2.49 (1.27-4.89)*
6.00 (1.68-21.4)*
6.50 (2.78-15.2)*
2.34 (1.43-3.82)*
1.12 (0.49-2.57)

1.17 (0.64-2.15)
1.68 (0.79-3.56)
4.53 (1.38-14.9)*
0.89 (0.67-1.18)
2.00 (0.82-4.90)
3.04 (1.82-5.07)*
0.96 (0.49-1.89)
0.96 (0.75-1.22)
1.50 (0.99-2.25)
0.94 (0.74-1.20)
0.81 (0.53-1.23)
1.17 (0.32-4.27)
1.70 (1.20-2.40)*
2.56 (0.84-7.76)
0.89 (0.53-1.49)
1.76 (0.76-4.05)
2.91 (1.19-7.12)*
1.65 (1.00-2.71)*
1.05 (0.61-1.80)

1.16 (0.70-1.91)
0.99 (0.59-1.66)
0.74 (0.33-1.68)
0.91 (0.75-1.10)
1.31 (0.68-2.50)
0.82 (0.51-1.33)
0.83 (0.54-1.29)
1.12 (0.87-1.45)
1.11 (0.82-1.51)
0.90 (0.76-1.07)
0.86 (0.70-1.05)
1.61 (0.59-4.39)
1.30 (0.88-1.93)
1.74 (0.37-8.12)
1.13 (0.76-1.68)
0.60 (0.20-1.79)
0.82 (0.25-2.65)
1.14 (0.75-1.75)
1.15 (0.72-1.84)

*2p <0.05, **adjusted for use of corticosteroids, alcoholism, use of pain medication (morphine and other opioid agonists, NSAIDs,

Acetylsalicylic acid, and acetaminophen), and prior fracture. — Too few for analysis.
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Table V. Risk of forearm fracture associated with various cancer types stratified by time since diagnosis — multiply adjusted OR and 95%

CI**,

Cancer type

<1 year

1-5 years

>5 years

Mouth, pharynx and salivary glands
Oesophagus, ventricle and small intestine

Liver, gall bladder, pancreas
Colon and rectum

Nose, larynx

Lung

Malignant melanoma

Non melanoma skin cancer
Kidney and urinary tract
Breast cancer (women only)
Female genitalia (women only)
Male genitalia (men only)
Prostate cancer (men only)
Primary bone cancer
Lymphomas and leukaemia
Multiple myeloma

Bone metastases

Other metastases excl. bone
Other and non-specified

0.78 (0.20-3.05)
0.40 (0.04-3.95)
8.75 (1.73-44.3)*
0.93 (0.51-1.70)
0.67 (0.13-3.52)
0.91 (0.46-1.80)
0.98 (0.26-3.73)
0.70 (0.32-1.54)
1.25 (0.45-3.46)
0.87 (0.55-1.36)
0.39 (0.17-0.88)*
6.06 (0.54-66.6)
1.53 (0.46-5.14)
1.81 (0.11-31.2)
1.03 (0.49-2.15)
4.60 (1.29-16.5)%
1.47 (0.85-2.57)
1.46 (0.56-3.83)

1.63 (0.77-3.41)
2.71 (1.25-5.87)*
0.39 (0.08-1.84)
0.89 (0.64-1.23)
0.86 (0.32-2.34)
1.22 (0.70-2.13)
1.25 (0.65-2.40)
0.98 (0.72-1.32)
0.77 (0.44-1.37)
0.89 (0.69-1.14)
0.87 (0.61-1.24)
1.15 (0.30-4.44)
1.44 (0.74-2.80)
0.24 (0.03-2.01)
0.80 (0.44-1.45)
0.90 (0.18-4.52)
1.02 (0.26-3.97)
1.35 (0.77-2.37)
0.92 (0.49-1.73)

0.59 (0.28-1.23)
1.03 (0.54-1.97)
0.26 (0.06-1.14)
1.11 (0.88-1.42)
1.77 (0.79-3.92)
0.83 (0.48-1.44)
0.85 (0.56-1.29)
1.10 (0.78-1.55)
0.72 (0.46-1.11)
1.12 (0.95-1.32)
0.97 (0.80-1.19)
1.33 (0.51-3.45)
2.94 (1.36-6.33)*
0.92 (0.30-2.81)
0.68 (0.43-1.08)
1.81 (0.59-5.58)
0.81 (0.16-4.15)
0.67 (0.42-1.06)
0.66 (0.38-1.16)

*2p <0.05, **adjusted for use of corticosteroids, alcoholism, use of pain medication (morphine and other opioid agonists, NSAIDs,
Acetylsalicylic acid, and acetaminophen), and prior fracture. — Too few for analysis.

not associated with an increased risk of frac-
tures, but rather a decrease.

Lung cancer is highly associated with risk of
fractures. Lung cancer is associated with smok-
ing, and smoking is associated with an in-
creased risk of fracture [40], which may
perhaps explain the increased risk of fractures.
Other potential explanations include the asso-
ciation to chronic obstructive pulmonary dis-

ease (COPD) and thus use of corticosteroids,
which predispose to fractures [33,41]. A further
possibility if tumour production of PTHrP
[42].

. Prostate cancer has a high likelihood of metas-

tases to bone, and is treated with androgen
deprivation therapy, which may lead to bone
loss, and these two factors in combination may
explain why a sustained increase in risk of

Table VI. Risk of vertebral fracture associated with various cancer types stratified by time since diagnosis — multiply adjusted OR and 95%

CI**.

Cancer type

<1 year

1-5 years

>5 years

Mouth, pharynx and salivary glands
Oesophagus, ventricle and small intestine

Liver, gall bladder, pancreas
Colon and rectum

Nose, larynx

Lung

Malignant melanoma

Non melanoma skin cancer
Kidney and urinary tract
Breast cancer (women only)
Female genitalia (women only)
Male genitalia (men only)
Prostate cancer (men only)
Primary bone cancer
Lymphomas and leukaemia
Multiple myeloma

Bone metastases

Other metastases excl. bone
Other and non-specified

0.89 (0.07-11.7)
2.12 (0.18-25.2)
2.36 (0.96-5.81)
1.41 (0.11-17.6)
0.59 (0.21-1.68)
2.32 (0.90-6.00)
0.92 (0.26-3.23)
1.30 (0.43-3.90)
0.46 (0.08-2.80)
2.58 (0.40-16.5)
0.52 (0.10-2.65)
5.26 (1.18-23.5)*
23.0 (2.40-220)
6.96 (1.72-28.2)*
1.94 (0.73-5.12)
1.44 (0.35-5.88)

0.86 (0.20-3.65)
0.76 (0.20-2.84)
0.94 (0.06-14.4)
0.72 (0.38-1.39)
0.22 (0.01-4.96)
1.16 (0.47-2.84)
0.54 (0.28-1.04)
0.45 (0.14-1.50)
0.65 (0.36-1.19)
0.41 (0.15-1.11)
1.02 (0.15-6.85)
1.05 (0.33-3.32)
2.54 (0.08-80.4)
1.20 (0.52-2.73)
7.53 (0.67-85.1)
0.69 (0.18-2.70)
0.27 (0.04-1.68)

2.10 (0.71-6.25)
6.26 (2.10-18.7)%
0.49 (0.07-3.30)
0.57 (0.34-0.94)
1.50 (0.41-5.40)
1.18 (0.40-3.44)
0.13 (0.02-1.03)
1.10 (0.60-2.01)
0.80 (0.37-1.71)
0.62 (0.43-0.90)*
0.87 (0.57-1.33)
1.38 (0.44-4.39)
0.38 (0.02-6.78)
1.19 (0.54-2.64)
0.61 (0.06-6.13)
1.11 (0.36-3.46)
2.51 (0.91-6.91)

*2p <0.05, **adjusted for use of corticosteroids, alcoholism, use of pain medication (morphine and other opioid agonists, NSAIDs,
Acetylsalicylic acid, and acetaminophen), and prior fracture, — Too few for analysis.



112 P Vestergaard et al.

fractures was seen. Furthermore, localised
prostate cancer may be associated with a
prolonged survival [43] and thus a sustained
risk of even late metastases to the skeleton and
detrimental effects of long-term androgen de-
privation therapy [1,44].

Dickman et al. [45] reported an early and
sustained increase in the risk of hip fractures
in patients who underwent bilateral orchiect-
omy for prostate cancer, In our study the
increase was seen later in the cause of the
prostate cancer and this may be due to the fact
that not all patients underwent orchiectomy or
received androgen  deprivation therapy.
Furthermore, patients treated with orchiectomy
may have more advanced prostate cancer than
those not undergoing orchiectomy, and this
may also contribute to the differences between
our results and those of Dickman et al. [45].

. In general cancer of the genital organs (male or
female) was not associated with an increase in
the risk of fractures. The influence from defi-
ciency in sex steroids was thus probably low as
most women were postmenopausal. Why frac-
ture risk was low in men remains to be
determined, but testosterone production may
to a large extent be conserved.

. There was a striking difference in the risk of
fractures within the gastrointestinal canal. Can-
cer of the liver, gall bladder and pancreas were
associated with an early increase in the risk of
fractures with a tapering to the levels of the
normal population while cancer of the oeso-
phagus, ventricle, and small intestine were not
associated with an early increase in risk of
fractures, but rather a temporary increase at a
later stage. Cancer of the colon and rectum
were not associated with an increase in the risk
of fractures. This difference may be related to
the differential effects on absorption of nutri-
ents. Patients with cancer of the liver, gall
bladder, and pancreas may have a decreased
absorption of nutrients including calcium and
vitamin D which may predispose to fractures.
The same may be seen although perhaps at a
later stage for cancer of the oesophagus, ven-
tricle, and small intestine. Cancer of the colon
and rectum do not affect absorption of nutri-
ents except in the case of ileus.

. Why breast cancer was not associated with a
pronounced increased risk of fractures remains
to be determined, but may be linked to the fact
that most patients were postmenopausal, i.e.
the loss of sex steroids was limited. The study
was performed before aromatase inhibitors
came into widespread use and thus may not

have confounded the risk of fractures. Adjust-
ment for the use of tamoxifen did not signifi-
cantly change the results.

Prior studies on fracture occurrence in women
with breast cancer has included Chen et al.
[46], Adami et al. [47], and Lamont et al. [48].
Chen et al. [46] in a cohort of 5 298 breast
cancer survivors reported no increase in the risk
of hip fractures (HR=0.93, 95% CI: 0.64-
1.33), while an increased risk of forearm
(HR=1.36, 95% CI. 1.16-1.59), spine
(HR =1.31, 95% CI: 1.03-1.66) and overall
risk of fractures (HR=1.31, 95% CI: 1.21-
1.41). The increase in overall fracture risk and
risk of forearm and spine fractures in the study
by Chen et al. [46] are in contrast to our results.
In contrast to our study Chen et al. [46] had
information on weight, parameters related to
hormone levels, and fall history and a number
of life-style factors, which we did not have
access to. However, in our study we had access
to some confounders not addressed by Chen et
al. [46] such as analgesics which may per se be
associated with fractures. In combination these
differences in confounders may explain some of
the variations in results. Adami et al. [47] in a
follow-up study of 9 673 women found a
limited trend towards an increase in the risk
of hip fractures (RR=1.1, 95% CI: 1.0-1.2) in
contrast to the results by our study and the
study by Chen et al. [46]. Lamont et al. [48] in
a cohort of 5 980 breast cancer survivors
diagnosed between the age of 55 and 64
reported a decreased adjusted risk of hospitali-
sation for hip fractures (RR =0.63, 95% CI:
0.43-0.94) in accordance with our results but in
contrast to the results by Adami et al. [47] and
Chen et al. [46]. In their study Lamont et al.
[48] used breast cancer survivors (age >67
years, diagnosis made between age 55—64 years)
who had been in lower stages of breast cancer
(Stage 0, I or II), and this may have led to a
selection bias. Adami et al. [47] in their study
showed a somewhat declining risk of hip
fractures with age, and the participants in the
study by Lamont et al. [48] were older than in
the other studies. Age at diagnosis may thus
play a role perhaps related to estrogen status,
which may explain the decreased risk of frac-
tures in patients with breast cancer in our study
compared to the studies by Adami et al. [47]
and Chen et al. [46].

. With prolonged survival, cure is likely, and the

risk of fractures therefore returns to that of the
general population. In some cases, the long
term survivors after cancer may represent a



selected subgroup of individuals in better shape
than the general population, which may per-
haps explain why a modest decrease in the risk
of fractures was seen in some groups.

The higher OR of vertebral fractures than for overall
fracture risk may be due to the predilection of bony
metastases for the spine. The absence of an effect of
tamoxifen on overall risk of fractures is in accordance
with observations from the similar drug raloxifene
(also a selective estrogen receptor modulator) in
patients with osteoporosis [49].

In general we did not observe an excess risk of
fractures in patients with lymphomas and leukaemia.
However, an increased risk of hip and vertebral
fractures was seen within the first year following
diagnosis. The absence of an increase in overall risk
of fractures was in contrast to Hogler et el. [50].
However, this study only addressed children with
ALL, and may have been significantly confounded
by the fact that the risk of fractures among the
patients was compared to the incidence of fractures
in a control population from a different country.

The main strength of the study is the large sample
size and the uniform nature of the registrations.

The main drawbacks are lack of information on
chemotherapy and bisphosphonates administered
while in hospital, as these are not registered in the
database. However, this may represent a minor
problem since these are incorporated into the effect
of the cancer itself (different modes of chemother-
apy, radiation therapy and surgical techniques are
applied for different cancer types), but this adds up
to the combined effect of the cancer type on risk of
fractures.

In the case control design applied in the present
study, cases were selected on the basis of fracture
occurrence. This may have led to undersampling of
cancer cases with a less favourable prognosis. Can-
cers with a rapidly progressive course may however
also be the ones most likely to present with metas-
tases and these were shown to be associated with an
increased risk of fractures. Cancers with a prolonged
survival may perhaps for some types approach the
risk of fractures of the general population, whereas
others such as prostate cancer may have an increased
risk of fractures due to e.g. androgen deprivation. It
is thus less likely that the design per se may have led
to severe sampling bias. Examples of cancers with
less favourable prognosis are liver, gall bladder,
pancreas, oesophagus and gastric cancer. For these
no increase in risk of fractures was observed with
prolonged survival ( >5 years of observation), while
a trend towards more fractures were seen within the
first year after diagnosis for liver, gall bladder and
pancreas cancer and within 1-5 years after diagnosis
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for oesophagus and ventricle, and small intestine
cancers. With prolonged survival the risk of fractures
may approach the general population because those
cured may have had less advanced cancers and may
survive with low systemic damage to the gastro-
intestinal canal, while those with a short observation
time had more advanced cancers with loss of
absorption capability and thus deficiency in say
calcium and vitamin D.

In some strata the number of subjects was limited,
and this has decreased the power of detecting
differences especially for some of the rarer cancer
forms. However, in most cases in Tables II-VI, the
confidence intervals were rather narrow, indicating
high power and precise estimates.

Upon introduction of confounders particularly use
of analgesics, the ORs associated with fractures were
attenuated. Having a diagnosis of several cancers
may thus be associated with an increased risk of
fractures. However, in the present analysis confoun-
ders in particular use of analgesics seemed respon-
sible for some of the increase.

In conclusion differences exist between cancer
types in the risk of fractures. High risk of fractures
was seen for cancers primarily affecting the bone
(primary bone cancer, metastases to the bone,
metastases to other organs than bone, lung cancer,
and cancer of the liver, gall bladder and pancreas,
and prostate cancer). The main increase in risk of
fractures in this group was seen within the first year
following diagnosis. A low risk group for fractures
included all other cancer types (e.g. cancer of the
breast, colon, skin etc).
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