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Studies of the carcinogenic potential of benzodiazepines and related
drugs (BZRD) have been equivocal. A recent study reported a 35%
excess cancer risk among users of hypnotics, including

Using Danish nationwide registers, we conducted a matched
case—control study of the association between BZRD and cancer risk.
During 1 January 2002 and 31 December 2009, we identified 152 510

WHAT THIS STUDY ADDS cases with a first time cancer who were matched (1:8) by age and

gender to 1220 317 cancer-free controls. A new-user design was
applied by excluding all subjects who had used anxiolytics, hypnotics
or sedatives during the first 2 years of available prescription data
(1995-6). Odds ratios (ORs) with 95% confidence intervals (Cl) were
estimated using conditional logistic regression, adjusting for potential
confounders. In the primary analysis, long term use of BZRD was
defined by a cumulative amount of =500 defined daily doses of BZRD

within a period of 1 to 5 years prior to the index date.

RESULTS

The adjusted OR for cancer associated with BZRD use was 1.09 (95% Cl
1.04, 1.14). ORs were close to unity for most cancer sites, except
stomach 1.40 (95% Cl 1.05, 1.88), oesophagus 1.43 (95% Cl 1.01, 2.02),
liver 1.81 (95% Cl 1.18, 2.80), lung 1.38 (95% Cl 1.23, 1.54), pancreas 1.35
(95% Cl 1.02, 1.79) and kidney 1.39 (95% Cl 1.01, 1.91). For
tobacco-related cancers, the OR was 1.15 (95% Cl 1.09, 1.22) and for the
remaining cancer sites 1.01 (95% Cl 0.94, 1.08). Sub-group analyses
revealed only small differences between different levels of exposure or

different patient subgroups.

CONCLUSION

BZRD use was not associated with an overall increase in cancer risk,
except for what is likely explained by minor lifestyle confounding, e.g.

smoking.
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Introduction

Benzodiazepines and benzodiazepine related drugs
(BZRD) are among the most widely used drugs in western
countries, mainly to treat anxiety and insomnia. Among the
elderly, user prevalences as high as 25% have been
reported [1].

Even a moderate relative increase in cancer risk for a
drug class as widely used as BZRD would have major public
health implications. However, the question of the carcino-
genic potential of BZRD is unresolved. Studies on rodents
have suggested links between clobazam and thyroid
cancer [2], diazepam and breast cancer [3] and oxazepam
and liver cancer [4]. In 1996, the International Agency for
Research on Cancer (IARC) evaluated seven frequently
used types of benzodiazepines and did not find evidence
for carcinogenic effects, except for oxazepam for which
animal, but not human, studies indicated an association
with liver cancer [5]. Subsequently, cumulative data from
FDA-approved clinical trials have suggested an excess of
non-melanoma skin cancers among patients treated with
benzodiazepine related drugs [6],and a small case-control
study has reported an increased risk of acute myeloid leu-
kaemia associated with benzodiazepine use [7]. Large
observational studies, however, of breast cancer [8-10],
ovarian cancers [10-12] and nine other cancer types [10]
have consistently failed to show a link between BZRD use
and cancer risk.

The controversy of BZRD and cancer risk was resumed
recently after a cohort study had reported a 35% increased
cancer risk among users of BZRD compared with non-
users, even among users with low cumulative exposure
[13].

The national Danish registries offer unique possibilities
for addressing such research issues, by virtue of their high
coverage, long follow-up and generally high validity [14,
15]. We used the Danish Cancer Registry and the Danish
National Prescription Registry to conduct a case—control
study of all incident cancers in Denmark during 2002-
2009, addressing the potential association between BZRD
use and cancer risk. Since we also aimed to evaluate the
effect of small quantities of BZRD, we applied the new user
approach in our study [16].

Methods

The study was designed as a population-based case-
control analysis. By comparing the prevalence of BZRD use
among persons diagnosed with cancer (cases) and cancer-
free persons (controls), we estimated the odds ratio (OR)
for cancer associated with use of BZRD.

We used data from four Danish nationwide registries:
the Danish Cancer Registry, the Danish National Patient
Register, the Danish National Prescription Registry and the
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Danish Civil Registration System. Data were obtained for
the period of 1 January 1995 to 31 December 2009.

Data sources

The Danish Cancer Registry [17, 18] has recorded incident
cases of cancer on a nationwide basis since 1943 and has
been shown to have an accurate and almost complete
ascertainment of cancer cases [17,19]. Cancer diagnoses in
this register were recorded according to the International
Classification of Diseases (ICD) for Oncology from 1977 to
2003 (ICD-0-1-3), and ICD-10 since 2004.

The Danish National Patient Register contains data on
all non-psychiatric hospitalizations in Denmark since 1978
and out-patient visits since 1995. Discharge/contact diag-
noses have been coded according to ICD-8 from 1978 to
1993 and ICD-10 since 1994 [20]. Virtually all medical care
in Denmark is furnished by the national health authorities,
whereby this data resource allows true population-based
studies, covering all inhabitants of Denmark.

The Danish National Prescription Registry [21] contains
data on all prescription drugs redeemed by Danish citizens
since 1995. Prescription data includes the type of drug,
date of dispensing and quantity. The dosing information
and the indication for prescribing are not available. Drugs
are categorized according to the Anatomic Therapeutic
Chemical index, a hierarchical classification system devel-
oped by the WHO for the purposes of drug use statistics
[22], and the quantity dispensed for each prescription is
expressed by the defined daily dose (DDD) measure, also
developed by the WHO [22].

The Danish Civil Registration System [23] contains data
on vital status (date of death) and migration to and from
Denmark, which allowed us to extract controls and to keep
track of all subjects.

All data sources were linked by use of the personal
identification number, a unique identifier assigned to all
Danish residents since 1968 that encodes gender and date
of birth [23]. All linkages were performed within Statistics
Denmark, a governmental institution that collects and
maintains electronic records for a broad spectrum of sta-
tistical and scientific purposes [21, 24, 25].

Study base

Our study base initially consisted of all Danish residents
alive on 1 January 2002. However, we applied a new user
design by excluding all persons from our study base who
redeemed a prescription for any anxiolytic, hypnotic or
sedative (ATC-codes, NO5B and NO5C) during the first
2 running years of the prescription database, i.e. 1995 and
1996 [16, 21]. The rationale behind this approach was
based on the assumption that users of BZRD drugs within
these 2 years were likely to have used the drugs prior to
1995 as well. Inclusion of individuals with a long term
exposure history prior to 1995 would potentially cause
substantial misclassification in dose/intensity/duration
sub-analyses. Since the possibility of a carcinogenic effect
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of small amounts of BZRD were raised recently [13], it was
considered vital to minimize misclassification of small
volume exposure.

For a subject to be eligible for sampling at a given date
(index date) as either case or control, we required that the
subject had lived in Denmark continuously from 1995 to
the index date. Furthermore, the subject was required to
be without any history of cancer (except non-melanoma
skin cancer) prior to the index date.

Cases and controls

Eligible cases were all Danish individuals in the final study
base with a histologically verified primary cancer diagnosis
(except non-melanoma skin cancer) between 1 January
2002 and 31 December 2009, using the date of the cancer
diagnosis as the index date.

Controls were selected by use of a risk set sampling
strategy. For each case, we selected eight controls ran-
domly among all individuals in the study base, matched by
gender, birth year and birth month.Controls were assigned
an index date identical to the date of diagnosis for the
corresponding case. Subjects were eligible to be sampled
as controls before they became cases. Thereby, the calcu-
lated ORis an unbiased estimate of the incidence rate ratio
(IRR) that would have emerged from a cohort study in the
source population [26].

Exposure definition

BZRD were defined as any drug within the ATC groups
NO5BA or NO5CD (benzodiazepine derivates), or NO5CF
(benzodiazepine related drugs).

Cases and controls were considered long term users of
BZRD if they had redeemed a cumulative amount of BZRD
equal to or greater than 500 DDD within a period of 5 to 1
year prior to the index date.The 1 year latency period was
introduced since the use of certain drugs is known to
increase within the last year prior to a cancer diagnosis,
most likely because of early symptoms related to a yet
undetected cancer [27]. This would inflate the drug preva-
lence among cases and thereby introduce reverse causa-
tion bias [28], i.e. an artificial association between the use
of BZRD and cancer. Another reason for requiring this
latency was that we considered it very unlikely that recent
exposure within the last year would contribute to the
cancer risk.

One problem with studies on the use of BZRD is that
treatment can be either chronic or episodic. We therefore
performed exploratory analyses to define the duration
that should be assigned to each prescription. An analysis of
waiting time distributions [29] revealed that prescriptions
for BZRD that were more than 15 weeks apart were
unlikely to pertain to the same treatment episode.We thus
assigned each prescription an exposure period of 15
weeks, i.e. 105 days. If the next prescription for a BZRD
occurred within this exposure period, we assumed that the
treatment episode had continued. If it occurred later, we
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assumed that treatment had been paused. No adjustment
was made for overlap between prescriptions. Similarly, the
exposure period assigned to single prescriptions or the last
prescription in a treatment episode was 105 days.

Data analysis

The analysis was performed as a conventional matched
case-control study based on a new user design. Odds
ratios (ORs) for cancer associated with use of BZRD were
calculated using conditional logistic regression adjusting
for potential confounders. In all analyses, use of BZRD
within a given time window was compared with no use, i.e.
in our main analysis we compared use of more than 500
DDD of BZRD within a period of 5 to 1 year prior to the
index date with no use (0 DDD) within the same period.

The following potential confounders were included in
the regression model: a) use of drugs known or suspected
to modify the risk of some cancers, including aspirin (ATC:
BO1AC06, NO2BAO1, NO2BA51), non-aspirin NSAIDs (MO1A,
excluding MOTAX), 5-o-reductase inhibitors (G04CB),
statins (C10AA), angiotensin-Il antagonists (C09C and
C09D), antidepressants (NO6A), antipsychotics (NO5A,
excluding lithium NO5AN) and oral contraceptives and
hormone supplements (G02BB01, GO3AA07, GO3AA09,
GO03AA10, GO3AA11, GO3AAT12, GO3AA13, GO3AB, GO3C,
GO03D, GO3F, GO3HBO1).Exposure to a confounder drug was
defined by a cumulated dose of at least 500 DDD within a
period of 5 to 1 year prior to the index date; b) prior diag-
noses of diseases known or suspected to modify the risk of
some cancers, established more than 1 year prior to the
index date, including inflammatory bowel disease (IBD)
(ICD-8: 563.01, 563.19, 569.04; ICD-10: K50, K51.0-K51.3),
chronic obstructive pulmonary disease (COPD) (as a crude
marker of heavy smoking) [composite measure of diag-
noses (ICD-8: 490.00, 491.00, 491.01, 491.03; ICD-10: J42,
J43, J44) or more than 500 DDD for drugs for obstructive
airway diseases (ATC-group R03)], alcohol abuse [compos-
ite measure of diagnoses (ICD-8:291,303,577.10,979, 980;
ICD-10: F10, G31.2, G62.1, G72.1, 142.6, K29.2, K86.0, R78.0,
T51, Z72.1) or any prescription for a drug used to treat
alcoholism (N0O7BB0O1, NO7BB03, NO7BB04)] and diabetes
[composite measure of diagnoses (ICD-8: 249.00, 249.09,
250.00, 250.09; ICD-10: E10-E14) or any prescription for an
anti-diabetic (A10)]; ¢) Charlson Comorbidity Index (CCl)
score [30, 31],in which each disease category has an asso-
ciated weight based on the adjusted risk of 1 year mortal-
ity. We disregarded diagnoses included in the CCl score
established less than 1 year prior to the index date. We
defined the level of comorbidity as none (CCl score: 0), low
(CCl score: 1) and medium/high (CCl score: =2).

To evaluate the potential influence from confounding
by lifestyle factors, we categorized cancers as related to
tobacco smoking, alcohol consumption or obesity. Cancers
related to tobacco smoking were defined as cancers of the
buccal cavity and pharynx, oesophagus, stomach, colorec-
tum, liver, pancreas, nasal cavity and paranasal sinuses,



larynx, lung, cervix, ovary, kidney, renal pelvis or ureter,
urinary bladder or myeloid leukaemia [32]. Cancers related
to alcohol were defined as cancers of mouth, pharynx,
oesophagus, colorectum, liver, larynx or breast [33].
Cancers related to obesity were defined as cancers of the
oesophagus, colorectum, pancreas, breast, endometrium
or kidney [34].

We performed sub-group analyses, specified by (i) age
and gender; (ii) various exposure measures, including
cumulative use, intensity and duration of use; (iii) comor-
bidity; and (iv) type of BZRD. In addition, we performed
some pre-planned sensitivity analyses. First, the main
analysis was repeated with exposure limits of 100 or 250
DDD, instead of 500 DDD. Secondly, we performed the
analyses according to separate exposure groups of either
benzodiazepines or BZRD. Lastly, the 1 year latency period,
i.e. the exclusion of exposure to BZRD or confounders
within the last year prior to the index date, was varied from
0 to 2 years.

In the recent cohort study of hypnotic use and cancer
risk or mortality [13], the authors excluded all individuals
from the unexposed population who at any time during
the complete observation period redeemed a prescription
for a hypnotic drug. Thereby, cancer cases among unex-
posed individuals who redeemed a prescription for a hyp-
notic after their cancer diagnosis were excluded from all
analyses. This potentially created a spurious association
between hypnotic use and cancer risk [35].To evaluate the
magnitude of this error, we performed a biased analysis,
mimicking this approach by repeating our analysis, only
this time excluding all unexposed cases or controls who
redeemed a prescription for a BZRD at any time after their
index date.

All analyses were performed using Stata Release 12.0
(StataCorp, College Station, TX, USA).

Results

We identified 149360 cancer cases (excluding non-
melanoma skin cancers) and 1 194 729 controls during the
period 1 January 2002 to 31 December 2009. Characteris-
tics of cases and controls are presented in Table 1. As
expected, some categories of comorbidity were more
prevalent among the cases, e.g.having diabetes, COPD or a
Charlson score above 0.

Long term use of BZRD was seen in 2527 (1.7%) of cases
and 17 870 (1.5%) of controls, yielding a crude OR of 1.14
(95% C1 1.09,1.19),and an adjusted OR of 1.09 (95% Cl 1.04,
1.14) (Table 2).

Table 2 shows the association with BZRD for each dis-
tinct cancer site.Nearly all cancer sites showed ORs close to
unity with confidence intervals overlapping 1. Exceptions
were cancer of the stomach 1.40 (95% CI 1.05, 1.88),
oesophagus 1.43 (95% Cl 1.01,2.02), liver 1.81 (95% Cl 1.18,
2.80), lung 1.38 (95% Cl 1.23, 1.54), pancreas 1.35 (95% Cl
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Table 1

Characteristics of cancer cases and their matched controls

Cases Controls
(n = 149 360) (n=1194 729)
Men 78 817 (52.8%) 630 453 (52.8%)
Women 70 543 (47.2%) 564 276 (47.2%)
Age, median (IQR, years) 65 (56-74) 65 (56-74)
All BZRD
Never use 118 067 (79.0%) 957 778 (80.2%)

Ever use 31293 (21.0%)
Long term use* 2527 (1.7%)
Benzodiazepinest

236 951 (19.8%)
17 870 (1.5%)
Never use 128 342 (85.9%)
Ever use 21018 (14.1%)
1007 (0.7%)

1037 132 (86.8%)
157 597 (13.2%)
Long term use* 6558 (0.5%)
Benzodiazepines related
drugst
Never use 132 729 (88.9%)
Ever use 16631 (11.1%)
Long term use* 1528 (1.0%)

1067 910 (89.4%)
126 819 (10.6%)
11 095 (0.9%)
Charlson Comorbidity Index
(ccn
CCl score =0
CCl score =1
CCl score = 2
Drugs
Aspirin 19542 (13.1%) (
Non-aspirin NSAIDs 5234 (3.5%) 39957 (3
5-o-reductase-inhibitors 776 (0.5%) 6023 (0.5%)
Statins 10811 (7.2%) 83501 (7.0%)
(
(6

109 383 (73.2%)
25812 (17.3%)
14 165 (9.5%)

905 997 (75.8%)
188 801 (15.8%)
99 931 (8.4%)

150 964 (12.6%)
3%)

AT-1l antagonists 8637 (5.8%) 65 468 (5.5%)
Contraceptives and hormone 11484 (7.7%) 80772
supplements

Antidepressants

.8%)

5148 (3.4%) 42 763 (3.6%)

Alcohol abuse

Antipsychotics 552 (0.4%) 4218 (0.4%)
Diagnoses
Inflammatory bowel disease 1186 (0.8%) 8525 (0.7%)
COPD 11 069 (7.4%) 71952 (6.0%)
Diabetes 10 089 (6.8%) 73 559 (6.2%)
(

6197 (4.1%) 33665 (2.8%)

BZRD, benzodiazepine and benzodiazepine related drugs; IQR, interquartile range.
*Long term use was defined as =500 DDD within a period of 5 to 1 year prior to
the index date. tBenzodiazepines were defined as the ATC-groups NO5BA and
NO5CD. Benzodiazepines related drugs were defined as the ATC-group NO5CF.

1.02,1.79),kidney 1.39 (95% Cl 1.01, 1.91), corpus uteri 0.74
(95% C10.54,1.01) and rectum 0.47 (95% Cl 0.24,0.93).The
analysis examining risk of tobacco-related cancers showed
an OR of 1.15 (95% Cl 1.09, 1.22) with a lower OR of 1.01
(95% Cl 0.94, 1.08) for the remaining cancer sites.

Table 3 presents dose-response associations, including
data on cumulative use of BZRD during the entire
follow-up before the index date. Overall, there were only
small differences in ORs between different levels of expo-
sure,i.e.between 1.03 to 1.09 for cumulative exposure, 1.03
to 1.11 for duration of exposure and 1.02 to 1.08 for
average daily dose.

The OR for benzodiazepines was higher than the risk
estimate for benzodiazepine related drugs, 1.17 (95% Cl
1.09, 1.25) vs. 1.06 (95% Cl 1.00, 1.12) (Table 4). For the
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Table 2

Association between long term exposure* to benzodiazepines or benzodiazepine related drugs and cancer risk, overall and stratified by cancer type

Cases Controls
Cancer type Exposed/unexposed Exposed/unexposed Crude OR (95% ClI) Adjusted ORt (95% CI)
All malignancies 2527/126 862 17 870/1 025 216 1.14 (1.09, 1.19) 1.09 (1.04, 1.14)
Buccal cavity and pharynx 82/3 253 410/27 637 1.63(1.28, 2.09) 1.04 (0.79, 1.36)
Oesophagus 48/1 755 219/14 211 1.76 (1.27, 2.44) 1.43(1.01, 2.02)
Stomach 60/2 418 366/19 451 1.35(1.01, 1.78) 1.40 (1.05, 1.88)
Colon 248/11 059 1980/87 994 0.99 (0.87, 1.14) 1.03 (0.89, 1.18)
Rectum 9/1 427 147/11 395 0.52 (0.26, 1.02) 0.47 (0.24, 0.93)
Liver 35/874 121/7 569 2.48 (1.67, 3.69) 1.81(1.18, 2.80)
Pancreas 65/2 746 372/22 688 1.42 (1.08, 1.86) 1.35(1.02, 1.79)
Lung, bronchus and pleura 462/14 860 2 195/123 083 1.74 (1.57, 1.93) 1.38 (1.23, 1.54)
Melanoma of skin 81/7 251 715/58 131 0.91(0.72, 1.15) 1.00(0.78, 1.27)
Breast 358/19 176 2 805/154 144 1.02 (0.92, 1.15) 1.01 (0.90, 1.14)
Cervix uteri 25/1 953 214/15 660 0.93 (0.61, 1.42) 0.81(0.52, 1.26)
Corpus uteri 49/2 926 534/23 154 0.74 (0.54, 0.99) 0.74 (0.54, 1.01)
Ovary, fallopian tube etc. 43/2 340 339/18 690 1.00 (0.72, 1.39) 1.03 (0.73, 1.45)
Prostate 234/14 220 2 002/114 566 0.95 (0.83, 1.09) 1.06 (0.92, 1.22)
Kidney 52/2 375 281/19 451 1.50 (1.11, 2.04) 1.39 (1.01, 1.91)
Urinary bladder 161/7 792 1223/63 000 1.07 (0.90, 1.27) 1.00 (0.84, 1.19)
Brain 27/2 548 200/20 379 1.04 (0.69, 1.56) 0.95 (0.62, 1.45)
Non-Hodgkin lymphoma 80/3 989 556/32 250 1.18 (0.93, 1.50) 1.09 (0.85, 1.40)
Multiple myeloma 29/1 611 259/12 852 0.88 (0.59, 1.31) 0.95 (0.63, 1.42)
Leukaemia 54/3 375 461/26 965 0.95 (0.71, 1.27) 1.01 (0.75, 1.37)
Other 325/18 914 2 471/151 946 1.05 (0.93, 1.18) 0.99 (0.87, 1.11)
Tobacco-related cancerst 1431/60 083 9 035/488 073 1.28 (1.21, 1.36) 1.15 (1.09, 1.22)
Remaining cancer sites 1096/66 779 8 835/537 143 1.00 (0.94, 1.07) 1.01 (0.94, 1.08)
Alcohol-related cancers§ 878/42 672 6495/343 313 1.08 (1.01, 1.17) 1.03 (0.95, 1.11)
Remaining cancer sites 1649/84 190 11 375/681 903 1.18(1.12, 1.24) 1.12 (1.06, 1.18)
Obesity-related cancers{l 919/46 470 7 163/372 295 1.03 (0.96, 1.10) 1.02 (0.95, 1.09)
Remaining cancer sites 1 608/80 392 10 707/652 921 1.22 (1.16, 1.29) 1.13 (1.07, 1.20)

*Long term use was defined as =500 DDD within a period of 5 to 1 year prior to the index date. tAdjusted for use of aspirin, non-aspirin-NSAIDs, 5-a-reductase inhibitors, statins,
angiotensin-Il antagonists, oral contraceptives and hormone supplements, antidepressants, antipsychotics, diagnoses of inflammatory bowel disease, COPD, diabetes, alcohol abuse
and Charlson Comorbidity Index score. #Cancers of the buccal cavity and pharynx, oesophagus, stomach, colorectum, liver, pancreas, nasal cavity and paranasal sinuses, larynx, lung,
cervix, ovary, kidney, renal pelvis or ureter, urinary bladder or myeloid leukaemia [32]. §Cancers of the mouth, pharynx, oesophagus, colorectum, liver, larynx or breast [33]. fiCancers

of the oesophagus, colorectum, pancreas, breast, endometrium or kidney [34].

specific types of BZRD, ORs varied between 1.01 for alpra-
zolam and 1.29 for bromazepam. No relative excess risk for
liver cancer was seen for oxazepam compared with the
other benzodiazepines (data not shown).

We found only small differences in the ORs among
different patient subgroups. The largest difference was
seen between those aged 80 years or older (OR 0.98) and
those in the two younger age groups (OR 1.11-1.12)
(Table 5).

Variation of the latency period between 0 and 2 years
revealed a slight inverse trend from an OR of 1.12 (95% Cl
1.07,1.16) with no latency period to 1.07 (95% Cl 1.02,1.13)
with 2 years’ latency period, whereas variation of the expo-
sure limits to 100 or 250 DDD yielded virtually unaltered
risk estimates (data not shown). Exclusion of non-exposed
cases and controls who had redeemed prescriptions for
BZRD after their index dates, thereby mimicking the design
in the recent cohort study [13], increased our overall OR to
1.35 (95% Cl 1.28, 1.41).
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Discussion

We did not find an association between long term use of
BZRD and risk of cancer, except for what is likely explained
by residual confounding. We found no apparent dose”
response effect, even with extensive exposure,and no con-
vincing substance specificity or specificity with respect to
the cancer sites. Also, the associations were stronger for
tobacco-related cancers, which suggest that confounding
by smoking may have influenced the results. The reported
overall association, OR 1.09 (95% CI 1.04, 1.14), is below the
limit of what can usually be addressed in observational
studies such as ours, as the weak association reported in
our study might be explained entirely by residual con-
founding [36, 37]. The finding of statistical significance for
the overall OR is mainly explained by the very large dataset
used.

The main strengths of the study were its size and the
nationwide approach, including all diagnosed cancers in
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Table 3

Association between exposure to benzodiazepine or benzodiazepine related drugs and cancer risk, specified by exposure pattern within the entire
follow-up-period, excluding the last year prior to the index date

Cases Controls
Subgroup Exposed/unexposed Exposed/unexposed Crude OR (95% CI) Adjusted OR* (95% Cl)
Cumulative amount of all BZRD
1-99 DDD 21756/118 067 167 226/957 778 1.06 (1.04, 1.07) 1.03 (1.01, 1.05)
100-199 DDD 3206/118 067 24 378/957 778 1.08 (1.04, 1.12) 1.04 (1.00, 1.08)
200-499 DDD 3107/118 067 22 159/957 778 1.13 (1.08, 1.17) 1.08 (1.04, 1.13)
500-999 DDD 1628/118 067 11 722/957 778 1.13(1.08, 1.20) 1.09 (1.03, 1.15)
>1000 DDD 1596/118 067 11 466/957 778 1.13 (1.07, 1.19) 1.07 (1.01, 1.13)
Length of exposure
<1 year 21839/118 067 167 443/957 778 1.06 (1.04, 1.08) 1.03 (1.02, 1.05)
1.0-2.9 years 6 170/118 067 46 052/957 778 1.09 (1.06, 1.12) 1.05 (1.02, 1.08)
3.0-6.9 years 2 826/118 067 20 276/957 778 1.13(1.08, 1.17) 1.07 (1.03, 1.12)
>7 years 458/118 067 3180/957 778 1.19 (1.07, 1.31) 1.11 (1.01, 1.23)
Average amount per day within
periods classified as exposed
0.00-0.09 DDD/day 8976/118 067 69 627/957 778 1.05 (1.02, 1.07) 1.02 (1.00, 1.05)
0.10-0.19 DDD/day 8118/118 067 62 203/957 778 1.06 (1.04, 1.09) 1.03 (1.01, 1.06)
0.20-0.49 DDD/day 9216/118 067 68 986/957 778 1.08 (1.06, 1.11) 1.04 (1.02, 1.07)
0.50-0.99 DDD/day 3687/118 067 26 612/957 778 1.12 (1.09, 1.17) 1.08 (1.04, 1.12)
>1.00 DDD/day 1296/118 067 9523/957 778 1.11 (1.04, 1.17) 1.04 (0.98, 1.11)

BZRD, benzodiazepine and benzodiazepine related drugs. Note: All cancer sites are included. *Adjusted for use of aspirin, non-aspirin-NSAIDs, 5-a-reductase inhibitors, statins,
angiotensin-Il antagonists, oral contraceptives and hormone supplements, antidepressants, antipsychotics, diagnoses of inflammatory bowel disease, COPD, diabetes, alcohol abuse
and Charlson Comorbidity Index score.

Table 4

Substance-specific analysis of the association between benzodiazepine or benzodiazepine related drugs and cancer. Exposure was defined by at least 500
DDD dispensed of each substance within the past 5 years, excluding the last year prior to index date

Cases Controls

Exposed/unexposed Exposed/unexposed Crude OR (95% Cl)

Subgroup

Adjusted OR* (95% Cl)

All BZRD 2 527/126 862 17 870/1 025 216 1.14 (1.09, 1.19) 1.09 (1.04, 1.14)
All benzodiazepinest 1007/126 862 6 558/1 025 216 1.24 (1.16, 1.32) 1.17 (1.09, 1.25)
Diazepam 143/126 862 866/1 025 216 1.35(1.13, 1.62) 1.22 (1.02, 1.47)
Oxazepam 203/126 862 1277/1 025 216 1.31(1.12, 1.52) 1.25(1.07, 1.46)
Alprazolam 153/126 862 1143/1 025 216 1.06 (0.89, 1.25) 1.01(0.85, 1.19)
Bromazepam 31/126 862 193/1 025 216 1.33 (0.91, 1.96) 1.29 (0.87, 1.89)
Nitrazepam 228/126 862 1386/1 025216 1.31(1.14, 1.51) 1.24 (1.07, 1.43)
Triazolam 109/126 862 745/1 025 216 1.17 (0.96, 1.44) 1.10 (0.90, 1.35)
All benzodiazepines related drugst 1528/126 862 11 095/1 025 216 1.11 (1.05, 1.17) 1.06 (1.00, 1.12)
Zopiclone 960/126 862 6 933/1 025 216 1.11 (1.04, 1.19) 1.06 (0.99, 1.14)
Zolpidem 561/126 862 4.024/1 025 216 1.13 (1.03, 1.23) 1.08 (0.99, 1.18)

BZRD, benzodiazepine and benzodiazepine related drugs. *Adjusted for use of aspirin, non-aspirin-NSAIDs, 5-a-reductase inhibitors, statins, angiotensin-Il antagonists, oral
contraceptives and hormone supplements, antidepressants, antipsychotics, diagnoses of inflammatory bowel disease, COPD, diabetes, alcohol abuse and Charlson Comorbidity
Index score. tBenzodiazepines were defined as the ATC-groups NO5BA and NO5CD. Benzodiazepines related drugs were defined as the ATC-group NOS5CF.

the entire Danish population for a period of 8 years. This
also minimized selection bias in the sampling of controls.
As almost all health care service in Denmark is undertaken
by the public health care system and therefore covered by
our data sources, we have high population coverage. Fur-
thermore, the use of the Danish National Prescription Reg-
istry contributed 15 years of prescription data, allowing us
to apply a new-user design to minimize misclassification of

cumulative exposure. Lastly, the validity of the employed
databases used is generally regarded to be high [18-21, 23,
311.

Our study also had some limitations. Most importantly,
our data material did not contain information on lifestyle
factors that could potentially act as confounders. It is
highly conceivable that users of BZRD would have a higher
use of alcohol [38] and tobacco [39, 40] than BZRD non-
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Table 5

Associations between long term exposure to benzodiazepine or benzodiazepine-related drugs and cancer risk, specified by patient subgroups

Cases Controls
Subgroup Exposed/unexposed Exposed/unexposed Crude OR (95% CI) Adjusted OR* (95% CI)
All 2 527/126 862 17 870/1 025 216 1.14 (1.09, 1.19) 1.09 (1.04, 1.14)
Male 1233/68 758 8 452/556 725 1.18 (1.11, 1.26) 1.11(1.05, 1.19)
Female 1294/58 104 9 418/468 491 1.11 (1.04, 1.17) 1.06 (1.00, 1.13)
Age <60 years 455/43 583 2 864/353 662 1.30 (1.17, 1.44) 1.11 (1.00, 1.24)
Age 60-79 years 1503/68 429 10 045/553 512 1.21(1.15, 1.28) 1.12 (1.06, 1.19)
Age 80 + years 569/14 850 4961/118 042 0.91 (0.84, 1.00) 0.98 (0.90, 1.08)
CClIt score =0 2 149/117 419 8 663/797 627 1.11 (1.04, 1.18) 1.08 (1.01, 1.15)
No antidepressants 1904/124 266 13 021/1 002 495 1.18 (1.12, 1.24) 1.09 (1.04, 1.15)
No antipsychotics 2 424/126 568 17 205/1 022 780 1.14 (1.09, 1.19) 1.08 (1.03, 1.13)
No known alcohol abuse 2170/122 642 16 038/1 001 865 1.10(1.05, 1.15) 1.09 (1.04, 1.14)
Diabetics 288/8 159 2 184/59 868 1.04 (0.83, 1.32) 1.02 (0.80, 1.30)
Non-diabetics 2239/118 703 15 686/965 348 1.16 (1.11, 1.21) 1.10 (1.05, 1.15)

Note: All cancer sites are included. *Adjusted for use of aspirin, non-aspirin-NSAIDs, 5-o-reductase inhibitors, statins, angiotensin-Il antagonists, oral contraceptives and hormone
supplements, antidepressants, antipsychotics, diagnoses of inflammatory bowel disease, COPD, diabetes, alcohol abuse and Charlson Comorbidity Index score. tCharlson

Comorbidity Index (CCI).

users, and thereby a higher risk of some cancers.The esti-
mated ORs for tobacco related-cancers were slightly
higher than for non-tobacco-related cancers, 1.15 vs. 1.01,
which suggests that residual confounding by smoking
may play a role. The findings for stomach (OR, 1.40),
oesophagus (OR, 1.41), liver (OR, 1.81), lung (OR, 1.37), pan-
creas (1.34) and kidney (OR, 1.40) cancers may thus be
explained by lifestyle confounding. Finally, the use of pre-
scription data for exposure classification is associated with
some misclassification, including in-hospital treatment
and non-compliance. However, our main exposure was
defined by quite massive exposure which invariably would
require multiple out-patient prescriptions.There is no gov-
ernment co-payment for these drugs, and it is unlikely that
a person would renew prescriptions repeatedly for a drug
he did not take. In addition, such misclassification would
most likely be non-differential, i.e. independent of case
status, and thereby leading to a small conservative bias.

Our results differ from the cohort study by Kripke et al.
who reported an overall hazard ratio of 1.35 for cancer
when comparing users and non-users of hypnotics [13].
Kripke et al. were able to account for some lifestyle factors
that were not covered by our data sources. However, their
study was seriously hampered by some infelicitous choices
in the design [35], in particular that the authors defined
non-users of hypnotics as individuals with no hypnotic
prescriptions throughout the entire follow-up period. We
mimicked this bias in our case—control study by excluding
unexposed cases or controls who redeemed BZRD pre-
scriptions after the index date, which produced exactly the
same risk estimate as in the study by Kripke et al. [13].

In conclusion, our findings do not support a carcino-
genic effect of BZRD. Most ORs were close to unity, except
a few that seemingly can be explained by lifestyle con-
founding. We also found that the recently reported excess
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of cancers among BZRD users can be explained entirely by
a flawed design. For other reasons than carcinogenesis,
however, use of BZRD should generally be avoided, or
reserved for short term use in select patient groups [41].
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