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Several observational epidemiological studies have reported inconsistent results on the association between the use of benzo-
diazepine and the risk of cancer. We investigated the association by using a meta-analysis. We searched PubMed, EMBASE,
and the bibliographies of relevant articles to locate additional publications in January 2016. Three evaluators independently
reviewed and selected eligible studies based on predetermined selection criteria. Of 796 articles meeting our initial criteria, a
total of 22 observational epidemiological studies with 18 case-control studies and 4 cohort studies were included in the final
analysis. Benzodiazepine use was significantly associated with an increased risk of cancer (odds ratio [OR] or relative risk
[RR] 1.19; 95% confidence interval 1.16-1.21) in a random-effects meta-analysis of all studies. Subgroup meta-analyses by
various factors such as study design, type of case-control study, study region, and methodological quality of study showed
consistent findings. Also, a significant dose-response relationship was observed between the use of benzodiazepine and the
risk of cancer (p for trend <0.01). The current meta-analysis of observational epidemiological studies suggests that benzodiaz-

epine use is associated with an increased risk of cancer.

Introduction

Benzodiazepines are prescribed to handle a variety of medical
conditions such as seizures, anxiety, insomnia, and panic dis-
order." Previous in vitro laboratory and animal studies have
reported controversial findings on the association between
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the use of benzodiazepine and the risk of cancer. Several ani-
mal studies reported that benzodiazepines increased the risk
of thyroid cancer” or liver cancer.” Conversely, in vitro labo-
ratory studies indicated that benzodiazepines might inhibit
the proliferation of pituitary tumor cells* or have antitumor
effects on colorectal and breast adenocarcinoma cells.’

In the meantime, observational epidemiological studies
reported that there was no link between diazepam use and
the risk® or progression’of breast cancer. However, recent
cohort studies revealed that the use of temazepam, an inter-
mediate acting benzodiazepine was associated with an
increased risk of cancer,® and the benzodiazepine users were
exposed to the risk of benign brain tumor about three times
higher than the non-benzodiazepine users.’

To date, no quantitative meta-analysis has been published
on this topic. In the current study, we investigated the associ-
ations between benzodiazepine use and the risk of cancer by
using a meta-analysis of observational epidemiologic studies
such as case-control studies and cohort studies.

Materials and Methods

Literature search

We searched PubMed and EMBASE using common key-
words linked with benzodiazepine use and the risk of cancer
follows:
clonazepam,”

in January 2016. The keywords were as

» o«

“benzodiazepine,” “diazepam,” “alprazolam,
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What’s new?

Use of benzodiazepine and risk of cancer

In recent years, the question of whether sedative-hypnotic benzodiazepine drugs increase cancer risk has emerged. Evidence
for a direct association from animal studies is inconclusive, however, and cohort studies suggest that while some benzodiaze-
pines are associated with increased cancer risk, others are not. The present meta-analysis of observational studies published
between 1982 and 2014 shows that the use of various benzodiazepines, including alprazolam, clonazepam, diazepam, oxaze-
pam, and temazepam, was consistently associated with an increased risk of cancer, overall and in subgroup analyses. The
association was characterized by a dose-response relationship, with risk elevated for multiple cancer types.

temazepam,” and “oxazepam” for exposure factors; “cancer,
tumor,” “carcinoma,” and “neoplasm” for outcome factors.
Also, we reviewed the bibliographies of relevant articles to
locate additional studies. The language of publication was not
restricted.

Selection criteria

We included observational epidemiological studies that
meet all of the following criteria: (1) a case-control study or
a cohort study; (2) investigated the associations between the
use of benzodiazepine and the risk of cancer; (3) reported
outcome measures with adjusted odds ratios (OR) or relative
risks (RR) and 95% confidence intervals (CI). If data were
duplicated or shared in more than one study, the first pub-
lished study was included in the analysis. Studies that were
not published in peer-reviewed journals or only presented in
academic conferences were excluded.

Selection of relevant studies

Three authors (Kim HB, Park YC, and Park B]) independently
evaluated the eligibility of all studies searched from the two
databases. If there were disagreements on the selection of stud-
ies between investigators, they were resolved by discussion.

Assessment of methodological quality

The methodological quality of included studies was evaluated
based on the Newcastle-Ottawa Scale (NOS) for assessing the
quality of case-control studies and cohort studies in meta-
analyses.'’ A star system of the NOS ranges from 0 to 9 and
is composed of three subscales: selection of studies, compara-
bility, and exposure. We considered a study awarded stars of
more than a mean score of each study type as a high-quality
study because the criteria for the high- or low-quality of a
study have not been established.

Main and subgroup analyses

We investigated the associations between the use of benzodi-
azepine (use versus never use) and the overall risk of all can-
cers by utilizing adjusted data as a main analysis. We also
performed subgroup analyses by type of study design (case-
control or cohort), type of cancer, gender, types of benzodia-
zepines, study region (US or Canada, Europe, and Asia),
duration of benzodiazepine use, cumulative yearly dose, type
of case-control study (population-based or hospital-based),
and methodological quality of study (high vs. low). To

perform a dose-response meta-analysis, we categorized yearly
cumulative doses into tertiles (low: temazepam <240 mg/year
equal to <12DDDs (defined daily dose) sec/year, benzodiaze-
pine <35 mg/year, and benzodiazepine 1-100 tablets/year;
middle: temazepam 240-1640 mg/year equal to 12-82DDDs/
year, benzodiazepine 35-150 mg/year, and benzodiazepine
201-499 tablets/year; high: temazepam >1,640 mg/year equal
to >82DDDs/year, benzodiazepine >150 mg/year, and ben-
zodiazepine >500 tablets/year). The ATC (anatomical thera-
peutic chemical) code for temazepam is NO5CDO7.

Statistical analyses

To compute a pooled OR or RR with its 95% CI, we used
the adjusted ORs or RRs and its 95% CIs in each study
reporting the association between benzodiazepine use (high-
est use vs. never use) and the risk of cancer. We examined
heterogeneity across studies using the Higgins I>, which mea-
sures the percentage of total variation across studies."’ I* was
calculated as follows:

= 100% X (Q-df)/Q,

where Q is Cochran’s heterogeneity statistic and df the
degrees of freedom. Negative values of I* were set at zero; the
I’ results are between 0% (no observed heterogeneity) and
100% (maximal heterogeneity)."' An I* value >50% was con-
sidered to indicate substantial heterogeneity.'!

The pooled estimate calculated based on the fixed-effect
model was reported using the Woolfs (inverse variance)
method when substantial heterogeneity was not found. When
substantial heterogeneity was found, the pooled estimate cal-
culated based on the random-effects model was reported
using the DerSimonian and Laird method."

We evaluated publication bias using Begg’s funnel plot
and Egger’s test. When publication bias exists, Begg’s funnel
plot presents asymmetry or the p values of less than 0.05 by
Egger’s test. We used the Stata SE version 13.0 software pack-
age (StataCorp, College Station, Texas, USA) for the statisti-
cal analysis.

Results

Identification of relevant studies

Figure 1 shows a flow diagram of how we identified appro-
priate studies. A total of 796 articles were found by searching
two databases and hand-searching relevant bibliographies.
We excluded 215 duplicated articles and additional 539
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PubMed (n = 498), EMBASE (x = 292), and bibliographies (1 = 6)

Identified studies from the databases using keywords and bibliographies of relevant articles (n = 796): |

*| Exclude duplicate articles (n = 215) |

L}miclcs remaining afier excluding duplicates (n = 581 ) ]

Exclude according o selection criteria (n = 539)

’V Remaining articles (n = 42) after screening, full text review ‘

Excluded articles (1 = 21):
Not relevant (n = 7)
Insufficient data (n = 3)
Using i ication other than i =6)
Using data from pre-existing cancer (n = 3)
Using cancer mortality as a result (n = 1)
Using an acute biomarker as exposure (n = 1)

18 case-control studies and 4 cohort studies from 21 articles included in the final analysis (n = 22) ‘

Figure 1. Flow diagram for identification of relevant studies.

articles that did not meet the selection criteria. We reviewed
the full texts of the remaining 42 articles. Among these, 21
articles were excluded because of the following reasons: not
relevant to our analysis (n=7), insufficient data (n=3),
using psychotropic medication other than benzodiazepine
(n=6), data from pre-existing cancer (n = 3), using cancer
mortality as a result, and using an acute biomarker as expo-
sure. The remaining 21 studies including eighteen case-
&713727 and four cohort studies®”*®*° were
included in the final analysis (the study by Kaufman et al."’
was considered as two separate case-control studies). All of
the included articles were written in English.

control studies

Characteristics of studies included in the final analysis
A total of 22 studies published between 1982 and 2014 had
1,897,603 participants (213,823 patient cases and 1,683,780
controls). The mean age was 57.8 years (range, 18 to 95
years). Table 1 shows the general characteristics of the studies
included in the final analysis. Eight studies®”'***2¢-2%

tigated breast cancer, three studies involved ovarian can-
cer 14,19,21 16,18
)

inves-
two studies looked into colon cancer, and five
studies involved all types of cancer.*”**° They were con-
ducted in the following countries: Us
(n = 12)0713 1518192135 canada (1 =2),"23  Sweden
(n=3),'%17?° Denmark (n=1),*° France (n=1),” and Tai-
wan (n = 3).2?7?8 Among 18 case-control studies, 13 studies
PIBILIZIB2027 \pere population-based studies, and five stud-
ies®!>1>161% were hospital-based case-control studies.

Methodological quality of studies

We assessed the methodological quality of studies included in
the final analysis based on the Newcastle-Ottawa Scale
(NOS). The range of quality scores was 5 to 8; the average
score was 6.8 for case-control studies and 7.3 for cohort stud-
ies (Table 2). The high-quality studies (scores of 7 or higher
in case-control studies or 8 or higher in cohort studies)
included twelve case-control study and two cohort studies.
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Benzodiazepine use and overall cancer risk

As shown in Figure 2, benzodiazepine use was significantly
associated with an increased risk of cancer in the random-
effects meta-analysis of all 22 studies (pooled OR/RR, 1.19;
95% CI, 1.16-1.21). In the subgroup analyses by study
design, both case-control and cohort studies showed there
was a significant positive association between benzodiazepine
use and the risk of cancer: the pooled OR/RR was 1.18 (95%
CI, 1.15-1.20) for 18 case-control studies and 1.35 (95% CI,
1.24-1.47) for 4 cohort studies, respectively. No publication
bias was found in the selected studies. (Begg’s funnel plot
was symmetric; Egger’s test, p for bias = 0.39; not shown in
Figure).

Table 3 shows findings from subgroup meta-analyses by
various factors. Benzodiazepine use was consistently associat-
ed with the increased risk of cancer in the subgroup meta-
analyses by study region, type of case-control study (popula-
tion-based or hospital-based), and methodological quality.
Subgroup meta-analyses by gender revealed a significant posi-
tive association in the 13 studies including both gender (OR/
RR =1.20; 95% CI, 1.17-1.22), whereas no significant rela-
tionship was observed in nine studies with only female sub-
jects. Regarding the type of benzodiazepines, intermediate-
acting benzodiazepines (alprazolam, oxazepam, temazepam,
and lorazepam) showed a significantly increased risk of can-
cer (Table 3 and Fig. 3).

Benzodiazepine use and the risk of cancer by type of
cancer

As shown in Table 3, benzodiazepine use increased the risk
of breast cancer, brain cancer, esophagus cancer, renal cell
cancer, prostate cancer, liver cancer, stomach cancer, pancre-
atic cancer, and lung cancer. However, no significant associa-
tion was observed in ovarian cancer, malignant melanoma,
and colon cancer.

Overall dose-response association between

benzodiazepine use and cancer risk

A statistically significant dose-response relationship was
observed between benzodiazepine use and cancer risk (p for
trend <0.01). When compared with never use of benzodiaze-
pine, the pooled OR/RR for the risk of cancer was 0.70 (95%
CI: 0.55-0.88) in a low dose, 1.59 (95% CI: 1.26-2.00) in a
middle dose, and 2.93 (95% CI: 2.45-3.52) in a high dose
(Table 3).

Discussion
In the current meta-analysis of observational epidemiological
studies, we found that benzodiazepine use was associated
with an increased risk of cancer. Subgroup meta-analyses by
various factors also showed similar findings. Additionally,
these associations were observed in a dose-response manner.
There are several possible explanations for the increased
risk of cancer with the use of benzodiazepine. First, some

=)
yo—
=)
oy
=
Q
ja=}
v
(=9
&3]
-
)
Q
=
<
O




d risk of cancer

lazepine an

Use of benzod

516

((s1e2A 69-81

asn auidazelpoz
-uaq jo uouYaq

9sn-19 ‘UsWwom pue
-A3U "SA yiuow usw) sjoay
uol3edNpa Jo sieak pue ‘eale T < 9SN-Id9A3 ewoydwA) -uod G69°G s9jels Apnis
o1ydesS0a8 ‘1eak malaIRlul ‘X3S 8y (€e-7'1) 1T :auidazelpozuag S .upSpoH-uoN pue sased ¢8¢  T661-/Z6T pajun 1043u02-3se) <1 819quasoy 661
uolyoge s1nadelayy
pauodal pue ‘Awo01d919} (s1eah 08
-sAy Joud ‘xapul ssew Apoq ‘uois asn-1aAau -8T ‘Uswom)
-1191 ‘saAl}dadeIIu0d |RIO JO BSN *SA 9SN-19AD S1043U0) G s9lels Apnis ,1MOLEH
Joud ‘Ayed ‘@ouapisal ‘el ‘a8y (1°¢-0'1) 8'1 auidazelpozuag  19dued UBLIBAQ pue sased 0G%7  /861-8/61 panun ]043U02-35B) G661
wedaze|p uey) Jayjo suaidazelp
-0Zuaq Jo 3sn pue ‘saAidadesjuod
]e40 Jo asn ‘suoissiwpe |ejd
-soy Jo Jaquinu awi3ayl ‘uondwns
-Uu0d |0Yod]e “I33SIS 10 Jaylow ay}
ul Jsdued jsealq Jo Aoisiy ‘eses (1eoh zg
-s1p 1sealq 213sAd01qy jo Aojsiy a8e ueipaw
‘osnedouaw je ase ‘Ajued ‘yuiq 9SN-I19A3U *SA ‘uswom) sjo4}
151y Je ase ‘@ydieusw je ase ‘9del yjuow 9 < asn -u0d ¥1Z°T Apmis cruewyney|
‘uoi8ijal ‘uoijedanpa jo sieak a8y (€°'1-9°0) 8°0 -19A9 :wedazelq J9dued Jsealg pue sased /09 9861-C86T epeue) 10J1U02-3Se) 0661
ured pue ejuwosul (sieah 69
‘sSnup oulelydAsd ‘siazinbuely -8T ‘UsWom)
‘sjuexe|al 9)ISNW Jo asn ‘asn uol} 9SN-19A3U "SA $]043U02
-eJIpaw jo A103siy awilayl ‘Aoisiy yjuow 9 < asn 1€6°T pue sa1el1s Apnis
esipaw ‘uoidwnsuod joyody @8y (£'1-9°0) 0°'T -13A9 :wedazeiq 19dued Jsealg S9Sed 8/0°c /861-1861 pauun 1043U02-35BD) ¢UBUYNEY 0661
“192ued
1sealq jo Aoisiy Ajlwey pue ‘sals
-doiq jseaiq snoiraid ‘@snedousw je (s1eah
a8e‘adA) asnedousw ‘aydseusw ‘yuiq GES ‘UBWIOM)
151y je 98e ‘Ajied se yans s103oej ySu 9SN-19A3U "SA $]043U02
192ued Jsealq J0 siazljinbues) ssylo yjuow 9 < asn 9%1‘T pue sa31els Apnis
J0 9SN ‘uo11edNpa pue awodu| ‘98y (T°1-9°0) 18°0 -19A9 :wedaze|q J9dued Jsealg S9sed G/0‘T  //61-€/61T pajun ]013u03-ase) ,Uewlsuiad)y 7861
M3IAI}UL JO
1eah pue ‘suoissiwpe jeydsoy jo
Jaquinu 1e3o3 “ieak Suipadaid ayl
ul 10J20p B 0} S}ISIA JO Jaquinu
‘uonndwnsuod j0yodje ‘sIalsis
10 Jayjow ay} uj Jadued Jseaiq (s1eaho/
Jo Aoisty ‘esnedousw e a8e ‘sny asn-19 lapun ‘us |9eIS|
-e}s |esnedouaw ‘Adueusaid isiy -A3U °SA yjuow -wom) ‘sjody B S9JBIS
je a8e ‘Ajued ‘uoiSijas ‘uoeanpa 9 < 9sn-ie|nsal -uod gg/ pue pajun Apnis
J0 sieah ‘uoi8al |eojydelSoas a8y (9°'1-5°0) 6°0 :wedazelq 19oued Jsealg S9SB) 9€7‘T  0861-9/61 ‘epeue) ]043U02-35B) QUBUWYNEY 786T
sa)jqelieA pajsnlpy (1D %S6) (f103a1ed 159 J9dued jo (e8e ‘1apuasl) pajjoiua Ajuno) Apnis jo adA) (3duaiaya4) Apnis
YY/40  -Moys "SA 1sa8u0)) adAL uoljejndod SIea\

ASojorurapidyg 130ue)

(zz = u) sisAjeue Jeuy ay} uj papnjdul SaIPNIS dY} JO SIIISHAIRIRYD |BIBUD °T 3)qeL

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC



ASojorurapidy 130ue)

N~
i
wn
(s1eah g/
asn-Ia -G ‘uswom
Adeiayjowayd -AdU "SA yuow pue uaw)
pue snjels upjows 9 < 9SN-I9Ad BlWI NI S]0JJu0d Z1% sa1el1S Apnis -z2p080od
‘ainsodxa uoljeipel asop-ysiH 98y (£'€-9'0) ST :aujdazelpozuag plojAw a1noy pue sased ¢1%#  %661-/861 pauun 1043U02-35BD) 700¢
SUOI}eIIPAW J9YJ0 10 PIAIDIDL (siesh 62
uoldudsaid Jo Jaquinu pue ‘asn 9SN-19AaU "SA -GE ‘Uslom)
9A1ndaoesu0d |eio ‘uonesi) jeqny ot yjuowg > asn S$]1043U02 06/ sa1elS Apnis zunana
‘snyeys Awoldaialshy ‘Ajued 98y —/%°0) 02°0 auldaze|pozuag  192UBD UBLEBAQ pue sased #1€  /66T-186T pajun ]013u02-95B) 200¢
(s1eak
$9]qe1aSan pue }inij joayeju| pue 08> ‘UsWom
‘(uoneanpa jewloy jo sieak) snyeis EBEVE pue usw)
-J|WOU0301J0S ‘9sn joyodie ‘Supjows *SA 9SN-19AD 190UBed $]0JJU0d 0Z8 Apnis
022eq0} ‘Xapul ssew Apoq ‘xas ‘a8y (6'c-20) ST :auldazelpozuag |eaSeydos3 pue sased 681 /661-5661 uapams ]043U02-35B) 049819887 000¢
uoljezijeydsoy o3 Joud
1e9A ay3 ul sysIA uepdisAyd jo 1aq
-wnu pue ‘xapul ssew Apoq ‘asn
9A1dadeIu0D |elo ‘@snedousw (s1eahk 69>
je a8e ‘ayaseuaw je ase ‘Ajued 9SN-I19A3U °SA ‘uswiom) sjouy
‘snjels Supjows ‘uoisijas ‘9del yuowg T >asn -U0d 766°C Salels Apnis £1ue800)
‘maIAIRlUL JO JedA 493udd Apnis a8y (T'z-0'1) 7’1 aujdazelpozusag  J92ued UBLEAQ pue sased 8%/ 8661-9/6T panun ]043U02-3SB) 000¢
asn joyodje
pue Supjows a33a1e810 ‘AlAnoe (sieah 6/-0€
1ea1sAyd ‘ayejul wnidjed pue Jaqy ‘Uswom pue
‘a1101eD [BJ0} ‘Xapul ssew Apoq 95SN-19A3U "SA usauwl) s104ju0d
‘192UBd 1R}2310]02 Jo A0Sy Ajlwey yuow g1 <asn 01%‘C pue sajels Apnis
‘asn QIYSN pue upidse ‘xas ‘a8y 8'1-80) C1 -19A9 :wedazelq 132UBd U0]0) S9SB) €667  %661-1661 panun ]043U02-35B) grUBWPAL] 8661
sisouSe|p Suimo]|0) syjuow ¢ ul
-UlIM S10]2B) |euowloy SnouasSoxs
pue snousSopua pue asn |oyod|e (s1eah G/
‘sjigey Supjows ‘ainsodxa uolne -GT ‘UsWom
-1pel 13]01ARIN ‘SSnup paquasaid ERBEVEN pue usw)
‘f03SIY |e2IpaW “|9Ad) |euolled *SA 9SN-19Ad ewoue|aw S$]1043U02 0%9 Apmis
-npa ‘Aioisiy Ajweq ‘Ajued ‘xas a8y (7'7-20) 8'T :auldazelpozuag jueusiew pue sased 00% 0661-886T uspams 1013U02-3SB) [ |YBPIBISOM 966T
(uawom pue
asn-laAau uaw)sjou}
Auanoe jeaisAyd pajejal *SA 9SN-19AD -u0d 849 Apmys orl19PIeH
-go[ jenpialpu) pue ‘Ajunod ‘xas ‘a8y (€°€60) L1 auidazelpozuag 132UBd U0]0) pue sased 6Z€ 98617861 uapams ]043U02-35B) 9661
sa)jqelieA pajsnlpy (1D %S6) (f103a1ed 159 J9dued jo (a8e ‘1apuas) pajjoiua Aiuno) Apnis jo adA) (3duaiaya4) Apnis
- YY/40  -MOYyS "sA 1s35uo)) adA) uonejndod SIea\
S asn auldaze|poz
bt -u3q Jo uoiuyaQ
.m (penunuod) (zz = u) sisAjeue jeuy ayl ul papnjdoul SaIpNis ayl Jo SJ1ISudIdeIRYD |RIBUSY T d)qel

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC



d risk of cancer

lazepine an

Use of benzod

518

91025 Xapu| A}Ipigiow o) uosyey)
pue asnge joyodje ‘sajaqelp ‘ad0d

(s1eah 17£-99
‘Uswom pue
uauwl) sjo0i3uod
6C/*61°1 pue

‘aseas|p jamoq Aiojewwe)jul Jo Sas asn (s192uBD UPYS
-ouselp ‘sonjoydAsdiue ‘syuessaid -19A3U "SA (3sop ewouepw
-9pnue ‘syuswalddns suowloy pue Ajlep pauyap -uou
saAI3dadeIU0D |RIO ‘S)SIuoSeiue 006< unowe 3ulpn)oxs)
[l-uisuajol8ue ‘suljels ‘sioyqiyul dAI}RINWND)BU 19oued AW}
9se1Npal-e-g ‘sq|ySN-uLidse wrt -1daze|pozuaq 1514 B yIm Apnis 5zP1eSan0d
-uou ‘upidse jo asn ‘Japuas a8y -%0'T) 60°T 40 9sn wua} Suo) siaoued ||y S9SBI 09€‘67T  600C—200C ylewuaq ]0J3u02-3se) 10C
(steah
6'/%7 98e
ueaw ‘UsWom
pue uaw) a)d
19A9] siasn-uou -09d 6E€T‘6TT
uoljeziueqgin pue ‘sased auld (et *SA yjuow ¢ Suowe Apnis 1oyod 520®)
-9ZBIp0oZUa( JO JB3A Xapu] ‘X3S ‘98y -80°'T) 61'T -<ouldazelpozuaq SERII=R RV S3SBI 07S‘E 000Z-9661 uemie] EVNIBET JIEN z10¢C
(s1eah g1 <
snjels -‘uUswom pue
Supjows pue asn joyodjepanodal S19sn-uou “sA JA uaw) a)doad
J19s pue (Jng) xapul ssew Apoq (zsc /8wo%9T < wed 05/‘Gz Suowe s91e1S Apnis uoyod wwv_a_‘_v_
‘snjels |eyuew ‘Adruyle xas a8y —-/G'1) 66'T -9zZewa| S190Ued || S$9sex9/0‘C £00C-200¢ panun aAI}dadsold c1oc¢
3uo palpnis ayj} ueyj (1eah 8'99
13Yjo sassepd Snip jJo asn pue a8e ueaw
(ue)d @duBIY YleSH S,WwalsAS ‘uswom pue
yeaH)SHAH e adel ‘OWH ayl ul ENIBEYET] usw) sjony
juawijolud Jo sieak ‘(uoneziuesiQ *SA 9SN-19AS 190UBed -u0d 966°€ s91e1S Apnis < Aunuog
9dURUSUIRIN YHBIH)OWH ‘X3S ‘a8y (1°€-6°0) 2'T auidazeipozuag JeaSeydos3 pue sased #1T  700C—086T panun ]043U02-3SB) 100¢C
asn-19 (GLENVA
-A3U "SA yjuow -1C ‘uswom)
9 < 9SN-19Ad ewo|aAw $]0J1U0d 169 s91e1S Apnis
IWg pue ‘uoieanps ‘adel a8y (9°2-€0) 6°0 :aujdazelpozuag aidimnw pue sased 6/T  C00T—/66T panun 1043U02-35B) »zU913pue1 900
951219%3 pue ‘|oyod|e
‘Supjows a3321e810 ‘|INg ‘Odelul Jey
‘Qwodul ‘uoijedanpa ‘Suipasy-isealq
Jo Aio1s1y ‘aydseusw je ase ‘snjels
Jesnedouaw ‘Ajed ‘sanijdasesjuod
Jeso ‘Adesayy Juswadejdas suowloy
‘sSnip Alojewweyjui-jue |eploIals (sieoh 7/
-uou Jo asn ‘syuessaidapiiue Jo asn -G ‘uswom)
‘uoissaidap pue Ajaixue jo Aioisiy asn-1aAau $]1043U02
‘s15A2 1seauq Jo Aioisiy jeuosiad (VXdas *SA 9SN-I9AD 790‘€ pue Apnis eAdejey
‘190ue) Jseaiq Jo Aojsiy Ajlwey 98y -88°0) 90'T aujdazeipozuag 190Ued Jsealg S9SB) €ET°C  8661-966T epeue) ]043U02-3SB) 900¢
sa)jqelieA pajsnlpy (1D %S6) (f103a1ed 159 J9dued jo (a8e ‘1apuas) pajjoiua Aiuno) Apnis jo adA) (3duaiaya4) Apnis
YY/40  -MOYyS "sA 1s35uo)) adA) uonejndod SIea\

asn w:_awNm_UON
-Uaq Jo uonIuYaq

ASojorurapidyg 130ue)

(PaNURUOD) (ZT = ) SISAjeue |euY BU} Ul PAPNIdUL SAIPNIS BY} JO SIIISUAIIBIRYD |RIBUSY °T 3)qe)

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC



519

Kim et al.

ASojorurapidy 130ue)

‘|RAIBIUL 82UBPYUOD ‘) 011Rl SAIR|AL Yy ‘011Rl PPO YO Xapul ssew Apoq ‘INg :SuolieIAIqqy

SNJe)s 21Wou033-0120S (s1eahk <0t
pue ‘suol8al ‘sSnip JaYyjo ‘suoiipuod ‘uUswom pue
pigiowod ‘a103s Aysuadoid SuisnAq asn-1sAau usuw) sjoJjuod
(sisouSelp ased Jo a1ep ay) ul Jadued wet ‘SASYIUOW g <asn 00065 pue Apnis [ =Telo]]
Aue Jo aa1) ‘1) alep xapul ‘xas ‘@8y -81°'1) 1C'T auidazelpozuaq S190ued ||y S9SeI 00G‘TY  600C—8661 uemie] 1011U02-95B) 710¢C
(s1eahk
<0¢ ‘uswom
pue uaw) a|d
suoljeujWexd asn-1aAau -09d 05079
[4W 10 |D uleiq pue salupigiow (ot# ‘SASyjuow g <asn Suowe Apnis poyod cpouley
-0J ‘uoljeziueqgin ‘xas ‘a8y -/£7) ST°E aujdaze|pozuaq 19oued ureig sased #/7  6007—-000C uemie] aA1dadsold 10T
sjure)dwod ejuwosUl Jo Jaqunupue
‘ssau1daa)s awiAep aAISSIXd ‘91025
Ayaixue jesy 19819qpa1ds ‘esn sjues
-saidapnue ‘swoidwAs anjssaidap
‘snjjaw sajaqelp pue uolsusuadAy
‘Xapul ssew Apoq ‘9102S uoljeujwexy
91e]S |RJUBN Ul ‘DseasipAiolel (siedh 56-99
-1dsai ‘9seasip Ie|NdSeA0I(aIa2-01pIed ‘Uswom pue
Jo Ao3siy ‘snieys Supjows ‘exejul 3sn-I1aAau usw) ajdoad
10Y0d]e ‘JuaWwauUYU0d ‘UoI1eINPa JO 611 *SA 9SN-19A9 969°‘9 Suowe Apnis poyod suassne(
19A9] Y81y “1spuss ‘193usd Apnis @8y -99°0) 68°0 auidazelpozuag si90ued ||y S95ed #G%‘T  TT0C-666T Qouel aA1329dsoud £10¢C
sa)jqelieA pajsnlpy (1D %S6) (f103a1ed 159 J9dued jo (a8e ‘1apuas) pajjoiua Aiuno) Apnis jo adA) (3duaiaya4) Apnis
YY/40  -MOYyS "sA 1s35uo)) adA) uonejndod SIea\

asn auidazeipoz
-U3q Jo uonjuYaQ

(PaNURUOD) (ZT = ) SISAjeue |euY BU} Ul PAPNIdUL SAIPNIS BY} JO SIIISUAIIBIRYD |RIBUSY °T 3)qe)

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC



d risk of cancer

lazepine an

Use of benzod

520

‘papiroid sem Apnis yoea Jo Juawssasse |ediSojopoylaw ay}
1o} uopjewIOjUl palinbal ou asnedaq Ajjenb 1e21S0j0poyIBW JO JUBWISSASSE SIYY Ul PAPN|IXD 319M APNIS |BUOIIIBS-55010 B PUB S3IPNIS MOY0D # PUB S3IPNIS |041U0I-3SEI 6T YlM Salpms pajood om],
-Ai08a1ed ANjiqesedwod ay) 10j UBAIS B UBD SIBIS OM] JO WNWIXeW B 3]IyM ‘s310591eD 8inSodx@ pue UONIB|SS Y} UIYIM Wa)l Paiaquinu yoes 1oj Je}S 3UO JO WNWIXeW e papieme aq ued Apnis yoe3,

A
8
9
8

0
0
0
0

— O «

—

AN = N

— =

o

— =

— =

piouieH #10¢
juassne( €10
o’y Z10¢
axduy Z10¢

18101

SH0Y0 Jo
dn-mojjoy jo
Adenbapy

ind20 0}
S9W02IN0 10}
ysnoua Suo)
dn-mojjo4

awo1no Jo
JUBISSASSY

awonQ

Ayiqeredwo)

10}2e})

Jeuonyippe 1o

10308}

juepiodw]
104 1013u0)

Apnis jo uejs je

juasald
j0U sem
Jseiajul jo
awonQ

ainsodxa jo
JUSWUIRLIDISY

10yod
pasodxa
-uou ay}

J0 U01129)3S

10yod
pasodxa sy} jo

SSaudAljejuasalday

uo1I3)3s

(7 =u)
Sa1pnis uoyo)

O N O N NN NN O NN VO NN O 0 00

O O O © O ©O O O O O ©O ©o o o o « o o

Lo B o B o B o B e B o R o B oo I o B e B S T o B o R o R

R e B e B o R o B o B e B I S o T e o R o B o B o B o R o B o |

AN N AN AN AN AN = AN AN NN N NN N

©O O O O O «+ O O O © O © O O o o «

O +o O = «+H O O i « O « o « @« « « «

A e B o B o B oo B D o B o B o B e R o BN o B o B o B e e o |

Ao e B o B o R v R o B e I - e S o R e R o R e B o BN o B o SR o B o |

legb| #7102
piedanod 10T
Aunyuo4 Z00¢
uaiSpue] 900¢
Adejey 900t
ep030d 7007
uligng zooc
uasgi1age] 000C
ues00) 000¢
uewpally 8661
14epIaISaM 9661
1I9pieH 9661
319quasoy S66T
MOJBH S661
uewyney 6861
ueuyney 6861
uewlauldyy 861
uewyjney ¢861

1ejol

ajel
asuodsaluoN

sjuedidiped 1oy
jusWwuleMIISE JO
poylaw awes

(3uipunq)
ainsodxa Jo
JUdWIUIRLIDISY

ainsodx3

10)2ej Jeuol}Ippe 10
10328} Juepodw]
10} 1013U0)
Ajiqeredwo)

5]043u03 JO
uoniuyaq

S]013u0d Jo
uo11I3)3S

sased Jo
SSaudAllejuasalday

sased Jo
uontuysp
?jenbapy

uo1I3)3s

(8T = u) saipnis
1011u02-358)

ANNN = :v

S3IPN1S UOY0d pue S3IPNIS |041U02-95eD Jo Ajjjenb ay) Suissasse 1oy 3]eIS BMBIIQ-2]ISRIMBN BY] U0 paseq sisAleue Jeuy ay) uj papn|aul saipnls ay) Jo Aljjenb |eaiSojopoylsiy ‘z 2jqel

ASojorurapidyg 130ue)

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC



Kim et al.

521

Study OR or RR (95% CI) Weight (%)
Case-control study '
1982 Kaufman i 0.90(0.50, 1.60) 0.13
1984 Kleinerman ] 0.81 (0.60, 1.10) 0.47
1989 Kaufman 7 1.00 (0.60, 1.70) 0.16
1989 Kaufman i 0.80(0.50, 1.30) 0.19
1995 Harlow j 1.80(1.00, 3.10) 0.13
1995 Rosenberg ! — T 2.10(1.40, 3.30) 0.23
1996 Hardell i 1.70(0.90, 3.30) 0.10
1996 Westerdahl | 1.80(0.70, 4.40) 0.05
1998 Friedman o 1.20(0.80, 1.80) 0.26
2000 Coogan T 1.40(1.00, 2.10) 0.31
2000 Lagergren i 1.50(0.70, 2.90) 0.08
2002 Dublin J 0.70(0.47, 1.00) 0.30
2004 Pogoda ] 1.50 (0.60, 3.70) 0.05
2006 Halapy | 1.06 (0.88, 1.27) 1.27
2006 Landgren J 0.90 (0.30, 2.60) 0.04
2007 Fortuny 1 : 1.70(0.90, 3.10) 0.11
2012 Pottegard > 1.09(1.04, 1.14) 20.35
2014 Igbal * 1.21(1.18, 1.24) 69.72
Subtotal (I* = 64.6%) 9 1.18 (1.15, 1.20) 93.96
Cohort study !
2012 Kripke g 1.99(1.57,2.52) 0.77
2012 Kao - 1.19(1.08, 1.32) 4.26
2013 Jaussent ! 0.89(0.66, 1.19) 0.49
2014 Harnold 1 = 3.15(2.37,4.20) 0.52
Subtotal (I2 =94.8%) :0 1.35(1.24, 1.47) 6.04
Heterogeneity between groups: p = 0.002 $
Overall (I>=81.7%) v 1.19(1.16, 1.21) 100.00

T T ' T T

2 5 1 2 5)

Figure 2. Use of benzodiazepine and the risk of cancer in a meta-analysis of observational studies by type of study design (n = 22). OR,
odds ratio; RR, relative risk; Cl, confidence interval. [Color figure can be viewed at wileyonlinelibrary.com]

studies have linked use of benzodiazepine to numerous sour-
ces of infection that can increase the occurrence of cancer.
Benzodiazepines can develop several viral infections that
could increase the risk of cancer. In a prospective study of
the AIDS Care Cohort and Vancouver Injection Drug Users
Study (VIDUS) cohorts followed-up from 1996 to 2013 in
Canada,” there was a significant relationship between the
use of benzodiazepine and seroconversion of Hepatitis C
virus (HCV). A long progress of chronic hepatitis C to liver
cirrhosis by HCV gives rise to hepatocellular carcinoma
(HCC).”" A 15-year prospective cohort study of 925 partici-
pants who had HCV infection reported that a cumulative
risk for HCC increased from 6.4% for low levels of HCV
RNA to 14.7% for high levels of HCV RNA (p < 0.001).
Another plausible agent connecting the use of benzodiaze-
pine to the increased risk of cancer could be human immu-
nodeficiency virus (HIV). When a total of 1682 subjects who
had no HIV at first were followed for median of about 80
months,” benzodiazepine use was significantly associated
with an increased rate of HIV seroconversion (Adjusted Rate
Ratio:1.50; 95% CI: 1.01-2.24). HIV infected people are more
prone to get Human papilloma virus (HPV) infection.”* In
addition, HIV might change the natural course of immune
control associated with HPV and enhance the development
of squamous intraepithelial lesions of cervix.** In a study of
310,000 AIDS patients in the U.S. (257 605 males and 51 760
females), HIV infection tended to increase the risk of HPV

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC

related carcinomas such as anal cancer besides cervix cancer
during the 10 years of follow-up period.”

Benzodiazepine also seemed to promote bacterial infections
that can raise the occurrence of various kinds of carcinomas.
In a study of mice, diazepam aggravated a possibility of infec-
tion with Klebsiella pneumonia (K. Pneumoniae).”® In a 11-
year followed retrospective study of 2,294 subjects with pyo-
genic liver abscess in Taiwan, colorectal cancer incidence was
2.68 times more common (95% CI, 1.40-5.11) in patients with

37 In

K. pneumoniae than patients without K. pneumoniae.
vitro administration of diazepam to adult hamsters showed a
detrimental effect on host protection against Mycobacterium.”®
Mycobacterium, an important respiratory pathogen, in turn
could increase the development of lung cancer by DNA inte-
gration.” Our meta-analysis also demonstrated that lung can-
cer developed 20% more often among benzodiazepine-users
than among non-users of benzodiazepine.

Second possible biological mechanism is inflammation.
Inflammation can be an important factor as a linkage
between the use of benzodiazepine and the risk of cancer risk
because chronic inflammation might be associated with use
of benzodiazepine. Alprazolam administration can cause
chronic inflammation induced by “cotton wool granuloma”.*’
Also, benzodiazepines might increase the levels of inflamma-
tion mediators such as histamine, prostaglandins or cyto-

41

kines.”" Administration of midazolam intravenously and

diazepam per oral before undergoing a surgery could lead to
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Table 3. Benzodiazepine use and the risk of cancer in the subgroup meta-analysis by various factors.

NO. of Summary OR Heterogeneity,

Factors studies or RR (95% ClI) ? (%) Model used
A613729 22 1.19 (1.16-1.21) 81.7 Random-effects
Type of cancer (no. of cancer cases)

Breast cancer®’:1323:26-28 (9 129) 8 1.07 (1.01-1.14) 17.3 Fixed-effect

Ovarian cancer*#1%:21:26-28 (1 937) 6 1.09 (0.94-1.26) 59.3 Random-effects

Malignant melanoma'”22® (688) 3 1.03 (0.72-1.48) 0.0 Fixed-effect

Brain cancer”?¢7%8 (536) 4 2.08 (1.77-2.44) 86.1 Random-effects

Esophagus cancer?®?>%7 (647) 4 1.55 (1.30-1.85) 0.0 Fixed-effect

Renal cancer®® %% (549) 3 1.30 (1.14-1.49) 25.7 Fixed-effect

Prostate cancer?®?® (2,421) 3 1.26 (1.16-1.37) 79.5 Random-effects

Liver cancer’®?” (618) 3 1.22 (1.13-1.31) 62.9 Random-effects

Colon cancer'®*82%27 (5,080) 4 1.05 (0.93-1.18) 10.4 Fixed-effect

Stomach cancer?®?” (426) 2 1.17 (1.03-1.32) 45.6 Fixed-effect

Pancreatic cancer?®?” (437) 2 1.39 (1.17-1.64) 0.0 Fixed-effect

Lung cancer’®?” (4,101) 2 1.20 (1.12-1.28) 89.8 Random-effects
Gender

Female only®7-13:1419,21,23.24 9 1.00 (0.89-1.12) 42.8 Fixed-effect

Male & Female®%-15718:20,22,25-29 13 1.20 (1.17-1.22) 87.0 Random-effects
Region

America® ®1371>18.19,21-25 14 1.20 (1.09-1.33) 73.3 Random-effects

Europe!®-17:20:26.29 5 1.09 (1.05-1.14) 35.3 Fixed-effect

Asia®?7?8 3 1.22 (1.19-1.25) 95.3 Random-effects
Duration of benzodiazepine use

<6 months!#16:17:20,21,23,25,29 8 1.07 (0.94-1.22) 55.7 Random-effects

>6 months®7:13:18:24 0.92 (0.76-1.10) 0.0 Fixed-effect

>5 years®!318:20.26 1.09 (0.99-1.20) 0.0 Fixed-effect
Cumulative yearly dose

Lower®®2! 3 0.70 (0.55-0.88) 47.5 Fixed-effect

Moderate®?-2 3 1.59 (1.26-2.00) 62.8 Random-effects

Highest®®?* 3 2.93 (2.45-3.52) 96.6 Random-effects
Types of benzodiazepine

Long-acting (Diazepam)®7-!3:18:23.27 7 1.00 (0.94-1.06) 0.0 Fixed-effect

Intermediate-acting®2>2” 6 1.20 (1.16-1.23) 75.6 Random-effects

Short-acting?>?” 3 1.05 (0.85-1.30) 0.0 Fixed-effect
Case-control study design

Population-based”*-13:14.17.18,20-29 17 1.19 (1.16-1.21) 84.0 Random-effects

Hospital-based®*>>1¢:19 5 1.41 (1.14-1.75) 47.4 Fixed-effect
Methodological quality

High quality”-8:13~1517:18:20,21,23,25-27,29 14 1.18 (1.16-1.21) 80.4 Random-effects

Low quality®2:13:16:19.22.24.28 8 1.31 (1.20-1.43) 0.0 Fixed-effect

inhibition of neutrophil apoptosis by affecting the depolariza-
tion of mitochondrial membrane.** Neutrophil apoptosis
plays an essential role in retaining homeostasis of the immune
system and prevent the damages of host organs by facilitating

the immune response. Another experimental report of adult
male rats which received alprazolam and clonazepam for 4
weeks showed that the inflammatory toxic effects of benzodi-
azepine could emerge through decline of anti-SRBC (Sheep

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC
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Study OR or RR (95% CI) Weight (%)
Long-acting |
1982 Kaufiman N 0.90(0.50, 1.60) 0.20
1984 Kleinerman — 0.81(0.60, 1.10) 0.74
1989 Kaufiman e 1.00 (0.60, 1.70) 0.25
1989 Kaufiman i 0.80 (0.50, 1.30) 0.30
1998 Friedman —j.— 1.20(0.80, 1.80) 0.41
2006 Halapy e 1.14(0.87, 1.50) 091
2014 Igbal S 1.00(0.94, 1.06) 18.71
Subtotal (It = 0.0%) RO 1.00 (0.94, 1.06) 21.52
1
Intermediate-acting E
2006 Halapy T 1.52(0.86, 2.68) 0.21
2006 Halapy ——— 1.00(0.72, 1.40) 0.61
2012 Kripke ) — 1.99(1.57, 2.52) 1.21
2014 Igbal e 1.18(1.13, 1.24) 31.30
2014 Igbal = 1.18(1.13,1.24) 31.30
2014 Igbal = 1.22(1.13, 1.31) 12.36
Subtotal (I = 75.6%) 0 1.20(1.16, 1.23) 77.00
]
Short-acting !
2006 Halapy y 1.45(0.83, 2.56) 021
2006 Halapy T 1.00(0.63, 1.61) 031
2014 Igbal —— 0.99 (0.76, 1.29) 0.97
Subtotal (I* = 0.0%) = 1.05 (0.85, 1.30) 1.48
1
1
Heterogeneity between groups: p = 0.000 !
Overall (I2=74.3%) ? 1.15(1.12,1.18) 100.00
1
I | : I T
2 5 1 2 5

Figure 3. Use of benzodiazepine and the risk of cancer in a meta-analysis of observational studies by type of benzodiazepine (n = 22). OR,
odds ratio; RR, relative risk; Cl, confidence interval. [Color figure can be viewed at wileyonlinelibrary.com]

RBC) antibody titers and interleukin-2 (IL-2) levels.** Anti-
SRBC antibodies are used for a sensitive tool to evaluate the
degree of inflammatory changes. Natural killer (NK) cells and
T-lymphocyte cells produce IL-2, and decreased levels of IL-2
indicate that suppression of the immune system could be pro-
gressing. In an Ehrlich tumor-bearing mice study, diazepam
injection diminished the amount of leukocytes and the macro-
phage function* in a dose-response manner. Besides the
gamma-aminobutyric acid A (GABA-A) receptor complex
existing in central nervous system, peripheral-type binding
sites (PBRs) of benzodiazepine have been found both in
immune cells and carcinoma cells.*> The association between
PBRs density and progression of cancer cells might exist.
Inflammation is a crucial factor for cancer.*® Increased levels
of proinflammatory cytokines such as interleukin-1 (IL-1) and
tumor necrosis factor (TNF) could aggravate the course of dis-
ease in non-Hodgkin’s lymphoma and gastric cancer, respec-
tively.*”*®  Additionally, associated macrophages
(TAMs), which are assembled during the inflammatory reac-
tion, are markers of a poor prognosis when they exist in the
tissue of cancer.* Therefore, inflammation due to benzodiaze-

tumor

pines might lead to the development of cancer.

Third, regarding esophageal cancer, benzodiazepines can
loose the tone of lower esophageal sphincter (LES) by relaxa-
tion of smooth muscles in esophagus.’® In addition to myo-
genic influences on LES pressure, anticholinergic effects of

Int. ). Cancer: 140, 513-525 (2017) © 2016 UICC

benzodiazepine on vagal nerve could lead to a decrease of
LES pressure.’’ The LES plays a critical role in preventing
gastric acid from flowing backward to esophagus. This might
affect the possibility of developing esophagus carcinoma.

Another reason other than biological mechanism is that
cancer patients suffer from psychiatric conditions such as
insomnia, anxiety, and depression, which are frequently
accompanied by the use of benzodiazepines.’® For example,
more than one third of cancer patients state anxiety.”> While
the frequency of major depressive disorders in general is 3-
4%,’* it increases to 5-26% in advanced tumor patients.”> As
a result, cancer patients are more likely to use benzodiaze-
pines than general populations.®

Our study has important limitations. First, a small portion
of the included studies in our analysis adjusted tobacco
smoking and alcohol drinking as a confounding factor, both
of which are well known important factors for developing
cancer. Out of the 22 included studies, only eight stud-

- 8.17-20222329 3. . .
ies adjusted tobacco smoking as a confounding

factor, and seven studies®'”!®20-22%2
as a confounding factor. Thus, we are unable to exclude the
confounding effect of these important factors such as smok-
ing or alcohol drinking regarding the association between
benzodiazepine use and the risk of cancer. Another impor-
tant limitation is that we only included observational epide-

miological studies such as case-control studies and cohort

adjusted alcohol intake
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studies because few randomized controlled trials have been
published on this topic so far. In general, case-control studies
are more susceptible to biases, such as selection bias and
recall bias than cohort studies. These biases might lead to
spurious associations. Also, cohort studies have a lower level
of evidence than randomized controlled trials. Thus, our
meta-analysis does not provide the high level of evidence.

In conclusion, our meta-analysis of observational epidemi-
ological studies found that benzodiazepine use was associated
with an increased risk of cancer. Further large randomized
controlled trials providing a higher level of evidence should
be conducted to confirm our findings.
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