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Bisphosphonates and risk of cancers: a systematic review and
meta-analysis

Yuan-Yuan Li', Li-Jie Gao', Yu-Xue Zhang?, Shu-Juan Liu’, Shuo Cheng', Yu-Peng Liu® and Cun-Xian Jia

BACKGROUND: It is unclear whether bisphosphonates are associated with risk of cancers. Therefore, this meta-analysis aimed to
evaluate the effect of bisphosphonates on overall cancers.

METHODS: A search in Pubmed, Embase, Cochrane Library and Web of Science databases was conducted, from the inception date
of each resource to September 26, 2019. The summarised effect estimates with 95% Cls were calculated using a random-effect
model. Heterogeneity and publication bias were explored.

RESULTS: Thirty-four articles were included in this study (4,508,261 participants; 403,196 cases). The results revealed that
bisphosphonates significantly decreased the risk of colorectal cancer (RR = 0.89, 95% Cl: 0.81-0.98), breast cancer (RR = 0.87, 95%
Cl: 0.82-0.93) and endometrial cancer (RR = 0.75, 95% Cl: 0.61-0.94), but no significant association was observed in all-cause cancer.
Furthermore, nitrogen-containing bisphosphonates only had protective effects both on breast cancer (RR = 0.94, 95% Cl: 0.90-0.99)
and endometrial cancer (RR=0.70, 95% Cl: 0.54-0.92). Non-nitrogen-containing bisphosphonates tended to increase the risk of
liver cancer (RR = 2.14, 95% Cl: 1.23-3.72) and pancreas cancer (RR = 1.75, 95% Cl: 1.32-2.33).

CONCLUSION: Bisphosphonates are significantly associated with risk reduction of colorectal, breast and endometrial cancer,
especially nitrogen-containing bisphosphonates. It should be noted that non-nitrogen-containing bisphosphonates might increase

the risk of liver and pancreas cancer. Large prospective cohort studies are needed to find the causal association between

bisphosphonates and risk of cancers.

British Journal of Cancer (2020) 123:1570-1581; https://doi.org/10.1038/s41416-020-01043-9

BACKGROUND
Cancer is an important public health problem in the world, and the
incidence and mortality of global cancer have grown rapidly in
recent years.! According to the Global Burden of Disease study (GBD)
2017, the most common incident cancers were non-melanoma skin
cancer (NMSC, 7.7 million incident cases), tracheal, bronchus and
lung (TBL) cancer (2.2 million incident cases), breast cancer (2.0
million incident cases) and colorectal cancer (1.8 million incident
cases).? In terms of women, breast cancer was the most commonly
diagnosed cancer, followed by colorectal, lung and cervical cancer.
Prevention of cancers has become a great public health importance.
In recent years, preclinical studies have suggested that bispho-
sphonates have direct and indirect antitumour properties, includ-
ing inhibition of tumour cell adhesion and proliferation,*”
induction apoptosis of tumour cells,® prevention of angiogenesis’?
as well as activation of immune cells.® Wysowski et al."’ reported
that the US Food and Drug Administration (FDA) received 23 cases
of oesophageal cancer after the use of bisphosphonates. Since
then, some epidemiological studies were also conducted on the
association between bisphosphonates and the risk of some types
of cancers, but the results of these studies were controversial."' ™'
To date, most meta-analyses were focused on the association

between the use of bisphosphonates and the risk of some specific
types of cancers."”™* For instance, Yang et al.'® suggested that the
use of bisphosphonates might decrease the risk of colorectal
cancer by 11% (RR=0.89, 95% Cl: 0.80-0.99), while Oh et al.*®
found no significant association between the use of bispho-
sphonates and colorectal cancer (RR=0.62, 95% Cl: 0.30-1.29). To
the best of our knowledge, there was currently only one meta-
analysis by Deng et al.?® on the use of bisphosphonates and the
risk of all-cause cancers, which only included 13 cohort studies and
analysed the association in mixed genders and females.

Bisphosphonates are widely prescribed for preventing and
treating osteoporosis,””?® but the number of bisphosphonate
users is expected to increase globally. For example, in the United
States alone, there are approximately 40 million bisphosphonate
prescriptions each year. Considering the widespread use of
bisphosphonates, it is essential to explore the association between
bisphosphonates and cancers.

This systematic review and meta-analysis was intended to (1)
analyse possible association between the use of bisphosphonates
and the risk of overall cancers and individual types of cancers
based on observational studies, (2) stratify analysis by different
types and duration of bisphosphonates.
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METHODS

Literature search

This systematic review and meta-analysis was conducted follow-
ing the PRISMA guidelines.?® We firstly searched relevant studies
in the databases of Pubmed, Embase, Cochrane Library and Web
of Science from the inception date of each resource to September
26, 2019, by two study investigators (Li and Cheng) indepen-
dently. Detailed search terms were shown in Supplementary
Table S1. Then, before the statistical analysis of the data, we
manually searched from lists of references cited by the published
studies, or updated our studies from other sources upto December
7, 2019, to identify whether there was new literature published
(PROSPERO registration number is CRD4-2014014901).

Selection criteria

The selection criteria of this meta-analysis were composed of
inclusion and exclusion criteria. Studies were included in this
meta-analysis if they complied with the following criteria:

(1) Study design was observational study (cohort study,
case—control study, nested case-control study or case
cohort study) addressing the association between the use
of bisphosphonates and risk of any type of cancers

(2) The exposure was defined as one or more prescriptions of
bisphosphonates

(3) The outcome was the incidence of cancers

(4) Studies reported effect estimates, including odds ratios
(ORs), relative risks (RRs) or hazard ratios (HRs) with 95%
confidence intervals (Cls), or provided sufficient data to
calculate them

(5) If there were duplicate articles, the most recent published or
the most complete data would be included

(6) Language was restricted to English.

Accordingly, these studies were excluded:

(1) Cross-sectional studies, reviews, comments or conference
abstracts

(2) Studies were in vitro or animal experiments

(3) Studies without enough data to calculate the effect
estimates

Data extraction and quality assessment

Data extraction and quality assessment were independently
implemented by two researchers (Li and Liu) by using standar-
dised forms, and any disagreement was resolved through
discussion until consensus was reached. The following information
was extracted from each study: first author, year of publication,
population location, study design, study period, sample size, the
number of cases, participants’ age and sex, type and duration of
bisphosphonates, type of cancers, adjusted confounding factors
and the available effect estimates with the corresponding 95% Cls.
The original authors of studies would be contacted, if the required
information was missing.

The quality of each included study was assessed using the
Newcastle-Ottawa Scale (NOS).>° The NOS assessed quality from
the following three aspects: selection, comparability and exposure
(case—control studies) or outcome (cohort studies). The total score
of NOS was nine stars. Studies with a score of more than 6 stars
were considered as relatively high quality. Conversely, studies with
a score of less than 6 stars were considered as relatively low
quality.

Data synthesis and analysis

RRs were often used as indicators to assess the association
between the use of bisphosphonates and risk of cancers, and HRs
were similar to RRs. We pooled the risk estimates of case-control
and cohort studies in the primary meta-analysis because ORs and
RRs could provide similar risk estimates when the outcomes were
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rare.3’ The maximally adjusted risk estimates with 95% Cls were
pooled by using random-effect models to obtain a more
conservative outcome. Then, the heterogeneity among studies
was evaluated by using the Cochrane’s Q statistic and the I
statistic.>? The low, moderate and high degrees of heterogeneity
in this study corresponding to that of the /> cut-offs were 25%,
50% and 75%, respectively.

To explore the sources of heterogeneity among studies,
random-effect meta-regression analysis based on the residual
maximum likelihood (REML) method and subgroup analysis for all-
cause cancers were conducted by study design, population region
and sample size. According to the different molecular modes,
bisphosphonates were classified into two groups, including
nitrogen-containing bisphosphonates (such as alendronate, iban-
dronate, pamidronate, risedronate and zoledronate) and non-
nitrogen-containing bisphosphonates (such as clodronate and
etidronate).>® Then, the subgroup analysis was carried out to study
the association between the use of bisphosphonates and various
types of cancers based on different types (nitrogen- and non-
nitrogen-containing bisphosphonates) and duration (<1 year and
>1 year) of bisphosphonates.

The sensitivity analysis was performed by omitting one study
and calculating the pooled risk estimates with 95% Cls of the
remaining studies. Furthermore, the potential publication bias was
evaluated with funnel plots,>* and was quantitatively examined by
Egger's linear regression tests.> If there was publication bias, we
would adjust the effect by using the trim-and-fill method.>® For
statistical tests, a two-sided P < 0.05 was considered statistically
significant. All statistical analyses were performed using STATA
version 15.1 (Stata Corporation, College Station, TX, USA).

RESULTS
Literature search and study characteristics
The flow diagram describing detailed literature searches and
selection process is shown in Fig. 1. In brief, we identified 45,396
articles through systemically searching in the databases, of which
34 eligible articles (16 cohort studies,'"'*'*377%9 11 nested
case—control studies,'>**>° 6 case-control studies®®®> and 1
case cohort study®) were included in the current meta-analysis.
The main characteristics of the included studies are summarised
in Table 1. In total, 14 researches originated from Europe, 12 from
America and 8 from Asia. Most of the papers (21/34) were
published from 2010 to 2013. Of these, the data were available
from 4,508,261 participants, including 403,196 cases originating
from 19 types of cancers. Some articles focused on multiple types
of cancers: 24 papers reported gastrointestinal cancers (stomach,
small bowel, colon and rectum), 16 papers reported gynaecolo-
gical cancers (endometrium, cervix and ovary), 14 papers reported
oesophageal cancer, 10 papers reported breast cancer, 7 papers
reported hepatobiliary cancers (liver and bladder), 5 papers
reported lung cancer, 3 papers reported prostate cancer and 14
papers reported other cancers. Most of the participants were
women, and the mean age ranged from 54.5 to 74.3 years. These
studies indicated that alendronate was one of the most commonly
used bisphosphonates. In addition, all studies adjusted confound-
ing factors, and the quality assessment of the overall studies was
high. Details of the adjusted confounding factors and quality
assessment can be seen in Supplementary Tables S2-54.

Bisphosphonates and risk of cancers

Fig. 2 shows the association between the use of bisphosphonates
and risk of different types of cancers. Based on the estimates of
the random-effect model, for specific types of cancers, the use of
bisphosphonates was strongly associated with colorectal cancer
(pooled RR=0.89, 95% Cl: 0.81-0.98, P=0.02), breast cancer
(pooled RR=10.87, 95% Cl: 0.82-0.93, P<0.01) and endometrial
cancer (pooled RR=0.75, 95% Cl: 0.61-0.94, P =0.01). There was
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- Non-english (n = 8)
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Full-text articles excluded with
following reasons (n = 80):

- Comment or review (n = 39)
- Cross-sectional study (n=8)

- Conference abstract (n = 23)

A4

- Insufficient data (n=1)

- Not match the definition of
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Studies included in meta-
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- Cohort study (n = 16)

- Case—control study (n = 6)

- Nested case—control study

- Case cohort study (n=1)

- Not match the definition of
outcome (n=7)

Fig. 1

Flow diagram of study selection in this meta-analysis. The update search was carried out on December 7, 2019, also manually

searched lists of references cited by the published studies to examine for any additional studies reporting primary data.

no statistically significant association between the use of bispho-
sphonates and oesophageal cancer (pooled RR=1.13, 95% Cl:
0.98-1.31, P=0.10) as well as other types of cancers. The
heterogeneity between studies was high in colorectal cancer
(P<0.01, P =80%), pancreas cancer (P < 0.01, > =88%) and liver
cancer (P=0.01, F=79%), while the heterogeneity of the
remaining studies was moderate and low. We found that the
association between the use of bisphosphonates and risk of all
cancers was not statistically significant (pooled RR = 0.96, 95% Cl:
0.90-1.02, P=0.18), with moderate heterogeneity between
studies (P < 0.01, > = 52%). Detailed meta-analyses for each type
of cancers are in Supplementary Fig. S1.

Meta-regression and subgroup analysis

Random-effect meta-regression model and subgroup analysis
were used to explore the primary heterogeneity in regard to
population region, study design and sample size. The association
between the use of bisphosphonates and risk of all cancers was
weaker in the group of sample size = 5000 than in the group of
sample size <5000 (P<0.01). We found no evidence that

population region (Asia: P=0.88; Europe: P=0.22) and study
design (P=0.65) influenced the association between the use of
bisphosphonates and risk of all cancers (Table 2).

The subgroup analysis was conducted based on different types
of bisphosphonates for various types of cancers (Table 3).
Nitrogen-containing bisphosphonates had a protective effect on
breast cancer (RR=0.94, 95% Cl: 0.90-0.99, F=0%) and
endometrial cancer (RR=0.70, 95% Cl: 0.54-0.92, I = 33%), but
this effect was only observed in non-nitrogen-containing bispho-
sphonates on breast cancer (RR=0.88, 95% Cl: 0.81-0.95, I’ =
39%). Notably, non-nitrogen-containing bisphosphonates tended
to increase the risk of liver cancer (RR=2.14, 95% Cl: 1.23-3.72)
and pancreas cancer (RR=1.75, 95% Cl: 1.32-2.33).

Regarding the association between the duration of bispho-
sphonates and cancers, the use of bisphosphonates upto at least 1
year (RR=0.78, 95% Cl: 0.63-0.98, ¥=92%) had a greater
protective effect on breast cancer than their use of less than 1
year (RR=0.90, 95% Cl: 0.84-0.97, P =0%). Moreover, we
observed a significant risk reduction for the use of bispho-
sphonates upto at least 1 year on prostate cancer (RR = 0.85, 95%



Bisphosphonates and risk of cancers: a systematic review and meta-analysis

Y-Y Li et al.

1573

9jeuoIpN|l} pue

aleuoipueq] ‘93euoipid Apnis |0J3u0d-3seD gcl@ 3
J9dUed |B1D310|0D Jeak |z eak |>  ‘91eu0Ipasl ‘91euoipudly $'8y 6CTLF6'S9  S0SCL 6£0'C1L9 1102-2661 paissN ejuiojed uuewlbop
J19dUed dIIseb Apnis |0J1u0d-3seD
pue |eabeydosaQ VN VN ¥'SE TLLFT69  860€ Seo'sL LL0Z-€661 paisaN puepods |e 19 Agsng
91euolpiwed
pue ajeuolpo|d
J9dued dISeb ‘3jeUOIpUEQ]! ‘D}RUOIPIID Apnis |0J3u0d-3seD
pue |eabeydosa0 VN ‘S1euoip3su ‘Sjeucipusly 9'99 ov< 80/l 0vs8 €102-200¢ pa3iseN ealoy  ,, ‘[e 1@ Bunr
J9dUed dlIseb Apnis |0J1u0d-3seD e’
pue |eabeydosaQ 1eak |z ek |> VN 8'0€ LCLFTL9 ve6¢C 129591 L1L0Z-£661 Pa31seN ejuiojijed uuewibop
21eUOIpaSH
J9dUed |BID10|0d pue pue ajeuoipueqi Apnis [0J3u0d-3seD Lcle e
Jseb ‘|esbeydosap 1eak |z 4eak |>  ‘a1euolpna ‘sreuoipusly L6V 052 §79'8C 695°L1T 1102-£661 paiseN MN  eaopeiboulp
3jeuoIpuUEq|
gSiadued pue ajeuoipna Apnis |0J1u0d-aseD @3
[eunsajulonseb-uoN  Jeak | T Ueak | > ‘91euoipasil ‘aleuolpualy L6V 0OLFS69  LOV'0S8L  8SH'ETO'L  LLOZ-L66L paisaN MN  eropeiboulp
skep 0GzL< 9leuolps|oz
‘skep 0SZ1-€£S pue ajeuoipojd
‘skep z/S-0LZ  ‘S1euoipiwed ‘21eU0IpiID Apnis |0J1u0d-3seD
J3dURD [}D3I0[0D ‘skep QLZ>  ‘91_UOIPISH ‘D1EUOIPUS|Y 09t 0S5 STvs /99'65 6002-000C paisaN epeued . [e 33 ybuis
Apnis |0J3u0d—ased
JadUed |eabeydosaQ 1eak |z Leak |> 9)jeUOIpUI|Y VN VN 8¢ £€60€ 800Z-100C pasaN  eulyd ‘uemiel ‘e 39 UdyD
9jeuolpueq) pue
21eUOIPN|1} ‘D}eUOIPIID Apnis [oJ3u0d-3sed ool 39
J9dued |eabeydosap uondudsaid |2 ‘91_UOIPISH ‘D}RUOIPUS|Y 9C SOLFLV9 9Ll z18 2002-0002 paissN vsn uaAnbN
J9dUed |BID310|0d pue Apnis |0J3u0d-3seD
siseb ‘[esbeydosaQ VN VN VN oz €19'sL 8/9'c6 VN paisaN NN 18 39 udaIn
s1eak G< ‘sieak G-y
‘sieak ¢
JadURd UelEeAO ‘sieak ¢-7 9)jeUOIpasH ol
pue [eLldwopuy  ‘sieak z-| 4eak |> pue a1euoIpuUd|Y 00l VNFT/9 9 508 0L0Z-£00C  Apnis [osauod-ased |oels| yauuay
Jadued duiseb
pue [eabeydosaQ VN VN ¥9E VNFLVY9  9£98 08L'sy £002-566L  Apnis |o13uod-ased AN oo 18 39 WYBUM
s1eak €< sieak g¢-¢ vol® 19
J9dued [eYORJOj0) ‘siedk g-| ‘edk |> %/'¥6 @3_UOIPUB|Y 00l VNFOLL €56 9081 900Z-000C  Apnis [o13u0d-3se)  |9eIS| UISYHON 1auuay
s1edk G< !sieak G-
‘sieak y—¢
‘siedk €-¢ e
19dued Isealg  ‘sieak g-| eak |> 9%/°98 :91eUOIPUI|Y 00L VNTF/LV9  T€8sl 6501 0L0Z-000C  Apnis [o13u0d-3se)  |9eIS| UIBYHON yauuay
syiluow gz
syjuow Hz-€l o'
Jodued Iseaig 'syuow z|-¢ VN 00l 68FSYS  9£6T L16S 9007-€00C  Apnis |osuod-3sed vsn quIOdM3N
€9
J2dued |eulswopuy VN VN 00L VYNTFOE9  69% 9€6 S00Z-L00C  Apnis josuod-3se) vSn  ‘|e 1@ Aunwuog
sajeuoydsoydsiq (%) 9Jeway o(s1edk)  sosed Jo uonedo|
s1adued jo sadA| jo uoneing sajeuoydsoydsiq jo sadA| ‘x9G abe ueapy  JaquinN 9zis ddwes pouad Apnis ubisap Apmis uopeindod [1eaA] Apnis

‘S9IpNnis pspn|dul ¢ JO Ssdlisualoeleyd ulew ay|

‘L °|qelL




Bisphosphonates and risk of cancers: a systematic review and meta-analysis

Y-Y Li et al.

1574

si1eak €< ‘sieak -

91euoipa|oz
pue ajeuo.pniji

's;eak |-g'0  ‘Sleuoipueq] ‘S1euoipna o183

J3adued 1sealg Jeak g'0>  ‘S1euolpasl ‘@1euolpudly 00l +9F8T9  LO¥T 819 1102-¥00T Apnis 10yod 9duel4 J31UIno4

sieak €2 91eUOIPN|I} PUR S1BUOIPIID e 18 3

J3dUed |elldwopu]  ‘siedk €-| Yeak |>  ‘Sleuolpasi ‘@leuolpudly 00l CTLFOE9 €Tl 987's8 0L0Z-€661 Apnis 10yod vsn quodMaN
9jeuoIpuUEq|
pue ajeuoipna

Jooued [eldwopuy VN ‘91euoipasi ‘@1euoipualy 00l ¥/.-SS 16 S8Y'ET L00Z-€661 Apnis 110yod VSN o, 18 39 piojlY

sleak €2 9leuolpn|i} pue 31euoIpnd yi 1832

J3dued [e1D310J0)  ‘sieah €-| tesA |>  ‘91euoipasl ‘91eucipudly 00l CTLFTE9 Lg6l seg'erl 6007-€661 Apnis 110yod VSN 1||24esseq

wI® ¥R

i9dued uojo) VN Sleuoipudly 00L O00LF6'LL €891 0€0°eSL S00C-9661 Apnis 11040 jJewusg seuelzed

J9ued o sadhy ||y VN S1euoIpudly v'v8 VN  €/8 816'LT 60078661 Apnis Loyod  eulyd ‘ueme| e 18 30 997
sieak 62 s91euoydsoydsiq
‘siedk p—¢ J3y3jo pue ajeuoipnd

J95UED |e15910]0) ‘sieaf g-1  ‘91eucIpasil ‘S1euoipus)y 00L L' LFLV9 108 £1T'98 800C¢—8661 Apnis 110yo) vsSn g8 39 Mjieyy

sieak y-¢

‘sieak €-¢ N RE

19oued Jo sadAy ||y ‘siedk z-| eak | > VN 0'l8 ¥'LLF00L 9568 7s9'e8 90079661 Apnas 1ioyod N [PMpIeD

J3dued duseb PR

pue |eabeydosao ¥N jeuoIpud]Y 00L OOLF6'LL  8LE 0€0'€SL S007-9661 Apmis oyo) jewusq  ussweyeiqy
91eUOIP3|0Z pue
9jeuoipiwed ‘a3euolpo)d

‘S1eUOIpUEQ]! ‘D1RUOIPIID g 18 3

Jadued 1sealg VN  ‘S1euoipasil ‘}euoipus)y 00L LOLFL'LL ¥88 ozy'8ye 9007-9661 Apnis 10yod sjlewuaq pieebialssp

,siadued 91eUOIPO|D pue L'

wa1sAs aAnsabig VN 9]eUOIPIID ‘D)eUOIPUI|Y [¥8 V'LLFS0L  T9S'€0lL STy 9007-9661 Apnis 10yod sjlewuaq pieebialssp
91euolpiwed

sieak €z pue ajeuoipnii e 3R

190uUed 15BRIg  ‘sIedk £-| Ueak |>  ‘Sleuolpne ‘s1euoipus)y 00l 6/-0S  9/T9 89/'vS1 S00Z-€661 Apnis 1oyod vsn BISMOQ3IYD
91eUO0IpPO|D
pue a1euoipn|in

‘9jeUOIpUEq! ‘D}eUOIPIID gcl® 312

19ued |eabeydossQ VYN  ‘91euoipasu ‘s1euolpus|y 0l8 ¥'LLF00L VLE 759's8 900Z-9661 Apnis 1oyod N [Pmpaed
91eUOIPOD pue

J3dued duseb 91euoIpuUEq! ‘D1eU0IPIID op 18 3

pue |eabeydossQ SIedk |’z ues|y  ‘S1euospIsH ‘D1eUOIPUS|Y 1'68 88FEVL S8 vE0'LY S00Z-S661 Apns 1o0yod ylewusq uasweyeiqy

1a0ued Jo sadAy ||y sieak g< 'sieak ¢s Sleuolpusly 00L V8FGSEL  L9VE €09'LT 600C-8661L Apmis 1oyod ase)y  eulyd ‘uemie]  je 319 Buelyd
91euoipajoz
syuow gL< pue ajeuolpo)d

syluow gl-€  ‘@1eUOIpUEq! ‘D1RU0IPID Apnis |oJ1u0d-ased
ewiouldied [|9d |eusy Syiuow €5 ‘91eUOIPISH ‘S1eUCIPUS|Y vLE VN 8/t 8¢T'0€ €102-9661 paiseaN yewusqg | [e 1 bunyd
sojeuoydsoydsiq (%) Seway o(siesk)  sased jo uoinedo|
si9dued Jo sadA] jo uoneing sareuoydsoydsiq jo sadA| ‘xoG abe uespy  JoquinN 9zis d|dwes pouad Apnig ubisap Apms uone|ndod [1eaA] Apnis

p=snuiuod | a|qel




Table 1 continued

Types of cancers

Types of bisphosphonates Duration of

Mean age Sex,

(years)?

Study period Sample size Number

Population Study design

location

Study [year]

bisphosphonates

female (%)

of cases

<0.67 years; Lung cancer

Alendronate, risedronate,
etidronate, tiludronate,

50-79 100

2511

151,134

Cohort study 1993-2013

USA

Tao et al.*?

0.67-1.49 years;
1.50-2.99 years;
23 years

NA

pamidronate and
zoledronate

Female cancer®

Alendronate and

100

572+ NA

204,525 2183

2003-2013

Cohort study

Korea

Bae et al.*

risedronate

NA not available.

2If mean values of age were unavailable, median or range was extracted.

PNon-gastrointestinal cancers: bladder, breast, cervical, endometrial, lung, melanoma, ovarian, pancreas and prostate cancer.

“Digestive system cancers: oesophageal, liver, pancreas, colon and small intestinal cancer.

dBreast, endometrial and ovarian cancer.
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Cl: 0.76-0.95). However, there was no significant association on
other types of cancers (Table 4).

Sensitivity analysis

We performed a sensitivity analysis by removing one study at each
turn and calculating the pooled risk estimates with 95% Cls of the
remaining studies. Two studies that were conducted by Abra-
hamsen et al.>”*° had an impact on the results in oesophageal
cancer (pooled RR=1.13, 95% Cl: 0.98-1.31; removed Abraham-
sen etal. 2012: RR=1.17, 95% Cl: 1.01-1.35; removed Abrahamsen
et al. 2009: RR = 1.17, 95% ClI: 1.03-1.33). Besides, the association
was not materially changed in this analysis in other types of
cancers (Supplementary Figs. S2-S5).

Publication bias

The funnel plot of the association between the use of bispho-
sphonates and the risk of overall cancers as well as each type of
cancer did not indicate substantial asymmetry (Fig. 3). For a
specific type of cancers (including more than 10 articles), the
Egger’s liner regression test also implied no evidence of
publication bias (all cancers: Egger’s P = 0.83; oesophageal cancer:
Egger's P = 0.45; colorectal cancer: Egger’s P = 0.13; gastric cancer:
Egger's P=0.92; breast cancer: Egger's P=0.26) (Table 5).
Potential publication bias was not found through the funnel plot
and the Egger’s liner regression test, so we did not carry out the
trim-and-fill method.

DISCUSSION

Summary of the main results

The major findings of this meta-analysis are (1) the use of
bisphosphonates might have a protective effect on colorectal,
breast and endometrial cancer, but no significant association was
observed with respect to all-cause cancer as well as other types of
cancers. (2) Moreover, nitrogen-containing bisphosphonates could
reduce the risk of breast cancer by 6% and endometrial cancer by
30%; non-nitrogen-containing bisphosphonates could also reduce
the risk of breast cancer by 12%. However, non-nitrogen-
containing bisphosphonates might be associated with an
increased risk of liver and pancreas cancer. (3) The use of
bisphosphonates upto at least 1 year had a greater protective
effect on breast cancer than their use for less than 1 year, but such
result was not found in other cancers.

Consistent and inconsistent with current studies

With regard to all-cause cancer, our results are largely consistent
with previous meta-analyses in similar contexts, supporting that
the association between bisphosphonates and the risk of all-
cause cancer is not statistically significant.?® The difference is
that their study only included 13 cohort studies. Because this
study had more sample size and the total number of cancer
cases, we could examine more types of cancers and obtain
higher statistical power. As we found that the sample size might
be one of the sources of heterogeneity, we speculate that the
use of bisphosphonates has a weak protective effect on all-
cause cancer, which needs more sample size to explore this
association.

With regard to female cancers, our findings are consistent with
previous studies that bisphosphonates could reduce the risk of
breast®>255768 and endometrial cancer,>>* but no significant link
was observed in ovarian cancer.** This might be due to the
oestrogen receptor (ER) involved in the anticancer effect of
bisphosphonates.®® Furthermore, the study by Chlebowski et al.*'
showed that bisphosphonates reduced the risk of ER-positive
breast cancer by 30% (HR=0.70, 95% Cl: 0.52-0.95, P=0.02).
However, the data on the association between bisphosphonates
and ER-positive female cancers are poor, as we could not conduct
subgroup analysis based on ER. Further studies are needed to
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Types of cancers Ngngsm RR (95% Cl) \ol/Ceight :;grogeneity ? :';or
Oesophageal cancer 14 :4— 1.13(0.98, 1.31) 7.80 0.01 52% 0.10
Colorectal cancer 12 -0; 0.89 (0.81,0.98) 10.28 <0.01 80% 0.02
Gastric cancer 11 o 0.97 (0.84, 1.12) 7.86 0.04 48% 0.70
Breast cancer 10 0-‘ 0.87(0.82,0.93) 11.90 0.15 32% <0.01
Endometrial cancer 7 —O—E 0.75(0.61,0.94) 5.14 0.08 47% 0.01
Lung cancer 5 - 1.02 (0.90, 1.15) 8.88 0.02 66% 0.79
Ovarian cancer 5 : 0.90 (0.68, 1.18) 3.70 0.14 42% 0.43
Bladder cancer 4 - 0.97 (0.80, 1.18) 5.83 0.20 36% 0.74
Cervical cancer 4 —0-:-- 0.85 (0.67, 1.06) 4.77 0.41 0% 0.15
Pancreas cancer 4 —:-b— 1.01(0.66, 1.55) 1.84 <0.01 88% 0.95
Liver cancer 3 {—0— 1.45(0.93,2.26) 1.71 0.01 79% 0.10
Prostate cancer 3 —0'— 0.92 (0.66, 1.27) 2.85 0.06 65% 0.59
Lymphoma or leukemia 2 —}—0— 1.37 (0.64, 2.95) 0.63 0.10 64% 0.42
Melanoma 2 - 0.97 (0.83, 1.15) 7.02 0.29 10% 0.76
Other sites or site unclear 2 -0';' 0.87 (0.76, 0.98) 8.65 0.56 0% 0.08
Renal cell carcinoma 2 :ho- 1.08 (0.95, 1.22) 8.75 0.75 0% 0.24
Myeloma 1 - 1.39(0.89, 2.16) 1.72 0.14
Oral cancer 1 > I 0.40 (0.09, 1.76) 0.17 0.23
Small bowel cancer 1 —:L—o— 1.73(0.73, 4.09) 0.50 0.21
Overall (I-squared = 51.8%, P = 0.005) c 0.96 (0.90, 1.02) 100.00
i
NOTE: Weights are from random effects analysis i
I : I

0.09

111

Fig. 2 Forest plot of summary risk estimates in different types of cancers. The forest plot shows the RRs of different types of cancers
comparing individuals using bisphosphonates to those without bisphosphonates. The types of cancers and the number of corresponding studies
are shown in the figure. Each small rhombuses represents the RR for each type of cancer, with the location of the rhombuses representing both
the direction and magnitude of the effect size and the horizontal line representing their 95% Cls. The square represents the weight of studies of
each type of cancer. The hollow rhombus represents the pooled RRs. The maximally adjusted risk estimates with 95% Cls were pooled by using
random-effect models to obtain a more conservative outcome. The heterogeneity among studies was evaluated by using the Cochrane’s Q
statistic and the F statistic, corresponding to the values of P for heterogeneity and i in the figure. RR risk ratio; C/ confidence interval.

Table 2. Meta-regression and subgroup analyses with respect to all
cancers.
Subgroups Number of studies RR (95%Cl) P P*
Overall 34 0.96 (0.90-1.02) 52%
Population region
America 14 0.88 (0.82-0.95) 38% Ref.
Asia 8 0.88 (0.74-1.03) 75% 0.88
Europe 12 0.96 (0.89-1.03) 88% 0.22
Study design
Case-control 18 0.95 (0.89-1.01) 70% Ref.
Cohort 16 0.92 (0.88-0.97) 79% 0.65
Sample size
<5000 6 0.71 (0.62-0.83) 0% Ref.
>5000 28 0.94 (0.90-0.99) 81% <0.01
*P values were estimated by meta-regression.
The bold values represent P value < 0.05.

focus on the use of bisphosphonates and their protective effect on
the different subtypes of female cancers to confirm these findings.

The effect of bisphosphonates on gastrointestinal cancers is
controversial. The study by Oh et al.>> showed that there was no
significant association between bisphosphonates and the risk of
oesophageal cancer (RR=0.96, 95% Cl: 0.65-1.42), which was
consistent with our results and other three meta-analyses.?®?'?

However, Andrici et al”® found that bisphosphonates might
increase the risk of oesophageal cancer (OR=1.74, 95% ClI:
1.19-2.55). Similarly, the results regarding the association between
bisphosphonates and the risk of gastric cancer are inconsis-
tent.'>**>> Clinical reports have found that bisphosphonates can
cause gastrointestinal problems, such as erosive oesophagitis and
gastric ulcers;”"’? these patients are more likely to receive the
upper gastrointestinal endoscopy to accelerate the discovery of
upper gastrointestinal cancer. In addition, because oesophageal
adenocarcinoma of the distal oesophagus is very similar to the
adenocarcinoma at the junction of the gastro-oesophagus, it is
difficult to accurately distinguish them in clinical diagnosis.
Original studies rarely report the results of subgroup analysis of
the precise site of upper gastrointestinal cancer, as we are unable
to perform pool analysis. We should focus on distinguishing the
particular subtypes of oesophageal and gastric cancer when
analysing the effects of bisphosphonates on gastric and oeso-
phageal cancer in future studies. With respect to colorectal cancer,
our study indicated that bisphosphonates could reduce the risk of
colorectal cancer by 11%, which was similar with other five meta-
analyses,’®™'® but Deng et al.?® and Oh et al.® suggested that the
association between bisphosphonates and the risk of colorectal
cancer was not statistically significant. It is well known that
bisphosphonates are commonly used for osteoporosis because
they have lower bone mineral density (BMD). Previous studies
have shown that BMD is associated with cancer, which means that
if not adjusted, it might be a confounding factor that masks the
protective effect of bisphosphonates.”>’* For other types of
cancers, the results are basically similar to previous studies, and
the number of related studies is few.?%”>
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Table 3. Subgroup analyses with respect to types of bisphosphonates.

Subgroups® Nitrogen-containing bisphosphonates Non-nitrogen-containing bisphosphonates
Number of RR (95% Cl) ? P for heterogeneity Number of RR (95% Cl) 2 P for heterogeneity
studies studies

Oesophageal cancer 8 1.10 (0.88-1.38) 53% 0.04 3 1.36 (0.97-1.90) 57% 0.10

Gastric cancer 6 0.91 (0.75-1.10) 30% 0.21 2 1.07 (0.53-2.17) 87% <0.01

Small-bowel cancer 1 2.19 (0.46-10.41) NA NA 1 1.56 (0.56-4.36) NA NA

Colorectal cancer 7 0.93 (0.79-1.09) 87% <0.01 4 0.95 (0.85-1.07) 35% 0.20

Liver cancer 3 1.36 (0.90-2.04) 65% 0.06 1 2.14 (1.23-3.72) NA NA

Bladder cancer 2 1.18 (0.60-2.29) 47% 0.17 1 1.41 (0.79-2.53) NA NA

Pancreas cancer 2 1.11 (0.77-1.62) 7% 0.30 1 1.75 (1.32-2.33) NA NA

Renal cell carcinoma 2 1.15 (0.77-1.72) 0% 0.99 1 1.18 (0.94-1.49) NA NA

Breast cancer 6 0.94 (0.90-0.99) 0% 0.68 2 0.88 (0.81-0.95) 39% 0.20

Cervical cancer 3 0.75 (0.55-1.01) 0% 0.47 NA NA NA NA

Endometrial cancer 5 0.70 (0.54-0.92) 33% 0.20 1 0.40 (0.06-2.74) NA NA

Ovarian cancer 3 0.89 (0.47-1.69) 47% 0.15 NA NA NA NA

Prostate cancer 2 1.16 (0.56-2.39) 78% 0.03 1 0.98 (0.84-1.14) NA NA

Lung cancer 4 1.05 (0.91-1.22) 70% 0.02 2 1.40 (0.77-2.54) 80% 0.02

NA not available.

“Lymphoma or leukaemia and oral cancer were not listed in the table because the number of studies was too few to analyse.

The bold values represent P value < 0.05.

Table 4. Subgroup analyses with respect to duration of bisphosphonates.

Subgroups® <1 year >1 year
Number of RR (95% Cl) ?  Pfor Number of RR (95% Cl) P Pfor
studies heterogeneity studies heterogeneity

Oesophageal cancer 5 1.22 (0.83-1.78) 66% 0.02 5 0.99 (0.79-1.24) 26% 0.25

Gastric cancer 3 1.11 (0.91-1.34) 0% 0.56 3 1.15 (0.75-1.75) 76% 0.02

Colorectal cancer 5 1.04 (0.88-1.24) 65% 0.02 7 0.84 (0.71-1.04) 89% <0.01

Bladder cancer 2 1.59 (0.53-4.75) 74% 0.05 2 0.98 (0.64-1.48) 23% 0.25

Pancreas cancer 2 1.25 (0.44-3.52) 89% <0.01 2 0.99 (0.58-1.68) 65% 0.09

Renal cell carcinoma 1 1.06 (0.73-1.53) NA NA 1 1.10 (0.78-1.56) NA NA

Breast cancer 4 0.90 (0.84-0.97) 0% 0.88 5 0.78 (0.63-0.98) 92% <0.01

Endometrial cancer 2 0.89 (0.61-1.30) 0% 0.34 2 0.55 (0.27-1.12) 94% <0.01

Ovarian cancer 2 0.75 (0.21-2.73) 43% 0.18 2 0.73 (0.41-1.30) 90% <0.01

Prostate cancer 1 0.90 (0.79-1.02) NA NA 1 0.85 (0.76-0.95) NA NA

Lung cancer 1 1.10 (1.00-1.21) NA NA 1 1.01 (0.92-1.10) NA NA

Melanoma 1 0.90 (0.73-1.10) NA NA 1 1.09 (0.92-1.29) NA NA

NA not available.

@Other cancers (small-bowel, liver, cervical cancer, lymphoma or leukaemia and oral cancer) were not listed in the table because the number of studies was too

few to analyse.

The bold values represent P value < 0.05.

Types and duration of bisphosphonates and confounders

Experimental studies have suggested that nitrogen-containing
bisphosphonates have potential antitumour effects. They could
reduce the viability of tumour cells by binding to the kinase
domain of the human epidermal growth factor receptor 1/2
(HER1/2), and resulting in an overall reduction in global down-
stream signalling that was driven by overexpression of the HER
family,”®”” such as lung,”® breast’® and colorectal cancer.?’ We
only observed that nitrogen-containing bisphosphonates could
reduce 30% risk of endometrial cancer and 6% risk of breast
cancer. However, there was no significant association between the
use of nitrogen-containing bisphosphonates and risk of colorectal
and lung cancer in our study. Simultaneously, we found that non-

nitrogen-containing bisphosphonates might be associated with an
increased risk of liver and pancreas cancer, which might be due to
the greater toxicity on liver and pancreas. Clodronate (non-
nitrogen-containing bisphosphonate) might cause evaluation of
aminotransferase.®’ Moreover, there were rare studies of liver
disease developing in patients who use non-nitrogen-containing
bisphosphonate 2%®* In addition, from the limited information, we
could not find any possible mechanism to explain the association
between non-nitrogen-containing bisphosphonates and the risk
of pancreas cancer, but we should pay attention to the safety of
using this drug. In the future, it might be necessary to further
explore the pharmacological mechanisms of non-nitrogen-
containing bisphosphonates.
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Fig. 3 Funnel plot of the meta-analysis of the association between bisphosphonates and risk of all cancers. The abscissa is the effect size
(RR), and the ordinate is the standard error of the effect size (SE (InRR)). Small symbols of different shapes represent the studies involved in
different cancers. The vertical line in the middle represents the combined RR value, and the two oblique dashed lines represent the 95%
confidence intervals of the funnel graph. The funnel plot of the association between the use of bisphosphonates and the risk of overall
cancers as well as each type of cancer did not indicate substantial asymmetry.

Table 5. The bias examination of the association between
bisphosphonates and risk of cancers.

Types of cancers Number of studies P value for Egger’s liner

regression test

All cancers 34 0.83
Oesophageal cancer 14 0.45
Colorectal cancer 12 0.13
Gastric cancer 1 0.92
Breast cancer 10 0.26

Notably, we did not find that the duration of bisphosphonates had
an effect on specific cancers, except breast cancer. For breast cancer,
our results were consistent with a meta-analysis by Liu et al,%® which
showed that using bisphosphonates upto at least 1 year (RR =0.75,
95% Cl: 0.66-0.84) seemed to be greater protective on breast cancer
than using them for less than 1 year (RR = 0.90, 95% Cl: 0.84-0.97).
However, Ou et al?® suggested that bisphosphonate was not
associated with risk of breast cancer when the usage time was less
than 1 year (RR=0.93, 95% : 0.86-1.00), but a significant 26%
reduction was found upto at least 1 year (RR=0.74, 95% Cl:
0.66-0.83), which was consistent with the study by Newcomb et al.’
Patients with the long-term use of bisphosphonates might have a
healthier lifestyle and higher adherence to the drugs, so the benefits
observed in the analysis might be overestimated®* Thus, further
studies are needed to consider this potential bias and find the best
duration and dose of bisphosphonates.

In this study, the evidence we have on the use of bispho-
sphonates and risk of cancers is based mainly on observational
studies. Many studies are not able to adequately control
confounding factors related to cancers. Wright et al.®® demon-
strated a small but significantly increased risk of oesophageal
cancer in women, not in men. Generally, women prescribe
bisphosphonates for prevention and treatment of osteoporosis,
while men are more likely to prescribe bisphosphonates for

iatrogenic osteoporosis.®*® Hence, most of the participants in
included studies were women, and the number of men was much
smaller. To date, there is still a lack of studies on the association
between bisphosphonates and risk of cancers in people of
different genders. Secondly, some studies have reported that
supplemental calcium and vitamin D might have a protective
effect on colorectal cancer, which are usually prescribed with
bisphosphonates.2”#® Some included studies did not control for
calcium and vitamin D when analysing the association between
bisphosphonates and the risk of colorectal cancer>?***® In
addition, only a few studies adjust the use of statins, hormone
replacement therapy (HRT) and family history of cancers, which
are also related to cancers.**~44°

Strengths and limitations

This study has several strengths. First, there are many articles and a
large number of participants included in this study, which increases
the statistical power of the analysis. Furthermore, we explore the
sources of heterogeneity by meta-regression and subgroup
analysis. Finally, this systematic review and meta-analysis has an
update to the summary articles in this field. However, several
limitations of this study must be mentioned. Firstly, our study
includes observational studies (cohort studies, case-control
studies, nested case-control studies and case cohort studies) that
might differ in the design of researches and lack individual
information. In addition, evidence from observational studies is
weaker than that from randomised controlled trials. Secondly, the
meta-analysis of observational studies is susceptible to confound-
ing factors that exist in original studies because most of the
included studies use large and anonymous databases.®® Although
all included studies attempt to adjust confounding factors, there
are still potential confounders that are not considered, which
might affect our results. Thirdly, we are unable to perform
subgroup analysis of precise sites of oesophageal and gastric
cancer, because the original studies rarely report the results in this
aspect. Finally, although we have explored several sources of
heterogeneity with meta-regression model and subgroup analysis,
it still cannot fully explain the heterogeneity in the studies.



CONCLUSIONS

In conclusion, the results of this meta-analysis suggest that the use
of bisphosphonates is associated with a decreased risk of
colorectal, breast and endometrial cancer, but not significantly
associated with the risk of oesophageal and other types of
cancers. Furthermore, we find that nitrogen-containing bispho-
sphonates appear to have more antitumour effects, but non-
nitrogen- containing bisphosphonates might be associated with
an increased risk of liver and pancreas cancer. In addition, the use
of bisphosphonates for at least 1 year has a greater protective
effect on breast cancer than their use for less than 1 year. We
recommend that further large prospective cohort studies are
needed to explore the causal association between bisphospho-
nates and cancers, and more studies of potential mechanism are
required. After a careful benefit-and-risk assessment, whether
nitrogen-containing bisphosphonates are expected to be used in
populations at a high risk for the malignancies needs further
discussion.
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