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Risk of Cancer After Initiation of Targeted Therapies
in Patients With Rheumatoid Arthritis and a Prior Cancer:
Systematic Review With Meta-Analysis

Cédric Lukas," Cécile Gaujoux-Viala,? Ronac Mamtani,® Thomas Barnetche,”
and Paulina Szafors’

Amélie Wetzman,’
Bernard Combe," Jacques Morel,

Objective. To determine the risk of recurrent or new malignancy with exposure to targeted disease-modifying
antirheumatic drugs (DMARDs) in adults with rheumatoid arthritis (RA), axial spondyloarthritis (SpA), or psoriatic
arthritis (PsA) and a history of cancer.

Methods. We performed a systematic search of the literature for articles published up to June 2019 that investi-
gated adults with RA, axial SpA, or PsA who had a history of cancer and received biologic or targeted synthetic
DMARDs (bDMARDs or tsDMARDs). We compared the risk of relapse or occurrence of new cancer between patients
with and without bDMARDs. Rate ratios (RRs) with 95% confidence intervals (95% Cls) were estimated. The heteroge-
neity of the studies was evaluated by the Cochran Q test and the I statistic.

Results. We included 24 observational studies of chronic inflammatory arthritis; of those, 12 were included in the
meta-analysis of RA patients receiving bDMARDs. As compared with RA patients with a history of cancer and
not receiving bDMARDs, for those receiving any bDMARD, the overall RR for risk of neoplasia was 1.09 (95% CI
0.92-1.32; P = 0.31, I? = 8%); with tumor necrosis factor inhibitors, it was 1.11 (95% CI 0.85-1.46; P = 0.45,
1> = 48%), and with rituximab, it was 0.79 (95% CI 0.41-1.53; P = 0.49, I = 0%). The RR for risk of recurrence for skin
cancer was 1.32 (95% Cl 1.02-1.72; P = 0.04, I> = 0%) and for breast neoplasia 1.21 (95% CI 0.84-1.72;
P=0.31, 1 = 0%).

Conclusion. Apart from skin cancers including melanoma, the risk of recurrent or new cancer is not increased with

the initiation of bDMARDSs for RA as compared with no bDMARDs.

INTRODUCTION

Biologic disease-modifying antirheumatic drugs (bDMARDs)
have revolutionized the treatment of rheumatoid arthritis (RA) by
achieving remission and improving quality of life (1). These treat-
ments have then been used to treat other chronic inflammatory
arthritis diseases such as axial spondyloarthritis (SpA) and psori-
atic arthritis (PsA) (2,3). In recent years, a new therapeutic class
has emerged: targeted synthetic DMARDs (tsDMARDs).

RA patients have shown an increased risk of cancer as com-
pared with the general population, especially for lymphomas and
lung cancer (4). Interfering with the immune system, bDMARDs,
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in particular anti-tumor necrosis factor (TNF) agents, were initially
suspected to increase the incidence of cancers (5,6). Safety data
for bDMARDS showed no increased risk of cancer (solid and lym-
phoproliferative) in patients with RA without a history of cancer
(7—10). For nonmelanoma skin cancers (NMSCs), the risk seemed
increased with TNF inhibitors as compared with placebo or no
DMARDs, thus requiring regular monitoring by a dermatologist
for patients receiving anti-TNF agents (9). However, most ran-
domized studies excluded patients with a history of cancer, which
limits the use of bDMARD:s in this population.

Some recommendations suggest waiting for 5-year onco-
logic remission before initiating treatment with bDMARDs or
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SIGNIFICANCE & INNOVATIONS

+ This is the first meta-analysis evaluating the risk of
recurrent or new cancers in patients with chronic
inflammatory arthritis and a history of neoplasia
who were exposed to biologic or targeted synthetic
disease-modifying antirheumatic drugs (hereafter
bDMARDs because studies were only found for
bDMARDs).

+ Our study suggests that the risk of recurrent or new
cancer is not increased for rheumatoid arthritis
patients with a history of cancer (solid, hemopathy,
cervical intraepithelial neoplasia, or nonmelanoma
skin cancers) and initiating treatment with
bDMARDs as compared with patients not receiving
bDMARDs.

+ For rheumatoid arthritis patients with prior cancer
and receiving a tumor necrosis factor inhibitor or
rituximab, the risk of recurrent or new cancer was
not increased as compared with patients naive to
biologic treatment.

* The risk of relapse or a new skin cancer was
increased for rheumatoid arthritis patients with a
history of malignancy, apart from skin cancers
excluding melanoma.

tsDMARD:s for patients with chronic inflammatory arthritis and a his-
tory of solid cancer (1,11). Rituximab is preferred with a history of
lymphoma (1,11-14). The question of starting treatment with
bDMARDs or tsDMARD:s is frequent in patients with a history of neo-
plasia. In view of the current lack of evidence for patients with a his-
tory of cancer, delayed treatment with bDMARDs or tsDMARDs
may lead to insufficient control of the rheumatic condition.

Two meta-analyses studied cancer recurrence or new can-
cers in inflammatory diseases (15,16) and found no increased risk
for patients with RA or chronic inflammatory bowel disease (IBD)
and a history of cancer who started treatment with a bDMARD.
In these 2 meta-analyses performed in gastroenterology, only
anti-TNF agents were evaluated because the population of inter-
est was mainly patients with IBD. However, the therapeutic arse-
nal for patients with chronic inflammatory arthritis is extensive.
The objective of this study was to determine the risk of recurrent
or new cancer in patients with chronic inflammatory arthritis and
a history of malignancy who received bDMARDs or tsDMARDs.

MATERIALS AND METHODS

Data sources and searches. \We performed a systematic
search of the databases Embase and the Cochrane library for arti-
cles published up to June 2019 and MEDLINE via PubMed for
articles published up to March 2020 with no limitation on publica-
tion year or journal. We supplemented these results with a manual
search in the bibliographies of the selected studies and the
abstracts of the scientific congresses of the American College of

Rheumatology (ACR) and European Alliance of Associations for
Rheumatology from 2016 to 2018.

The first part related to chronic inflammatory arthritis: RA, axial
SpA, and PsA. The second part related to interventions by bio-
logic treatment (TNF inhibitor, rituximab, abatacept, interleukin
6 inhibitor [IL-6; tocilizumab], IL-12 and IL-23 inhibitor [ustekinu-
mab], IL-17 inhibitor [secukinumab and ixekizumab]) or
tsDMARDs with JAK inhibitor (baricitinib, tofacitinib). The last part
of the search included terms for a history of cancer. The meta-
analysis followed the recommendations of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (17) and
the Cochrane collaboration guidelines (18).

Article selection. Two independent investigators (AW and
PS) selected English-language articles on the basis of the titles
and abstracts, then by reading the full text. In case of disagree-
ment, consensus was reached with a third author (JM). Inclusion
criteria were observational studies investigating the recurrence of
cancer or new cancer in patients with RA, axial SpA, or PsA and
a history of cancer and comparing patients receiving bDMARDs
or tsDMARDs versus no DMARDs or placebo. Studies were
excluded when their inclusion criteria did not mention or exclude
patients with a history of cancer. We also excluded case reports,
reviews, and randomized studies. An email was sent to the first
author if the article was not available online.

Data selection. Two investigators (AW and PS) collected
data by using a predefined form. The main objective was to analyze
the number of new or recurrent cases of cancer in patients with
chronic inflammatory arthritis who received DMARDs. The number
of events was collected in each subgroup according to the rheu-
matic condition, biologic treatment used, and type of cancer (lym-
phoproliferative malignancies, solid cancer, skin cancer). The
hazard ratios (HRs) and 95% confidence intervals (95% Cls) were
collected, as were the characteristics of populations and cancers

). Ronac Mamtani allowed us to use data from his study
(19) to calculate the number of patients in the meta-analysis.

Quality assessment. The quality assessment of the studies
followed the Cochrane collaboration guidelines (20). A second assess-
ment scale involved the Newcastle-Ottawa Scale (21)

Statistical analysis. To assess the risk of recurrence
between RA patients who received DMARDs and controls, we
used the rate ratio (RR). If RRs were not mentioned in the article,



they were calculated from the data extracted from the study. Rev-
Man 5.3 was used to calculate the cumulative risks for each
group, with their 95% Cls. Two-sided P value less than 0.05
was considered statistically significant. The heterogeneity of stud-
ies was evaluated with the Cochran Q test and the I? statistic. We
performed subgroup analyses according to the treatment (TNF
inhibitor or rituximab) and type of recurrent cancer (breast cancer,
NMSCs, melanoma, or cervical cancer in women with a history of
precancerous lesion of the uterus).

RESULTS

Literature search results and trial characteristics.
Our search strategy identified 1,657 articles (Figure 1): 653 from
PubMed until March 2020, 931 from Embase, 71 in Cochrane
until March 2019, and 2 from conferences. After reading the titles
and abstracts, we selected 169 articles meeting the inclusion cri-
teria, then 24 articles (19,22-44) after reading the full text, includ-
ing 12 for the meta-analysis (19,25-28,33,36-39,41,43).

The meta-analysis involved observational cohorts of patients
with RA. For patients with axial SpA or PsA, the retrieved cohort
studies had too much missing data (humber of patients with a his-
tory of cancer) or a small sample size (<10 patients). We did not
retrieve any study of patients with a history of cancer and

receiving tsDMARDs. Characteristics of studies included in the
meta-analysis are detailed in Table 1 and all studies retrieved from
the systematic review in Table 2.

The 12 articles selected for the meta-analysis included 5 con-
trolled cohorts (4 from Europe and 1 from the US). Studies were
all multicentric and retrospective (studies of registries). Some
investigated all types of cancer (27) and others all cancers without
skin cancers (39,41), only solid cancers (19,43), melanoma and
NMSCs (26,28,37,38), or cancers of the cervix in patients with a
history of cervical dysplasia (25,33,36). When the same cohort
was used for several studies, each study examined only 1 type
of cancer and therefore excluded the other types (e.g., a history
of cancer or recurrence).

For all RA cohorts included in the meta-analysis, most
patients received anti-TNF drugs. Other patients received abatac-
ept (33,38,41), rituximab (27,33,38,39,41), or tocilizumab (33,41),
and some received anakinra (4 patients) or other biologics
(6 patients) in 1 study (33). Patients receiving bDMARDs were
compared to those who were biologics-naive.

Patients were followed up between 1998 and 2015, from 3.9
to 6.8 years. Follow-up was variable across studies or not
reported (26-28,33,37,38,41). Silva-Fernandez et al (39) followed
patients receiving anti-TNF alpha for a mean of 6.8 years, rituxi-
mab for a mean of 3.9 years, and no bDMARDs for a mean of

1,657 articles

(653 PubMed, 931 Embase, 71 Cochrane, 2 congress abstracts)

1,488 articles excluded on the basis of the title and
abstract:

418 not RA, axial SpA, PsA

280 reviews, meta-analyses

138 no cancer outcome

191 duplicates

131 case reports

140 randomized controlled trials

73 no b/ts DMARDs

74 physiopathology, in vitro or animal studies
43 not in English or French

A 4

169 articles
complete

2 articles found .
manually

147 articles excluded after reading the

full text:
76 missing data
47 exclusion of patients with a history of
cancer
17 no cancer incidence studied
5 most recent cohorts included
2 reviews

A 4

24 articles included in
systematic review

(12 included in meta-analysis)

Figure 1.

Flow chart of the selection of articles. b/ts = biologic/targeted synthetic; DMARDs = disease-modifying antirheumatic drugs;

PsA = psoriatic arthritis; SpA = spondyloarthritis; RA = rheumatoid arthritis.



(panupuoD)

advinag
ou
9¢ :a-qu 981 :Q-qu '86¢ X1 4NL
'6E XY LS HNL €1 :g-qu '8z X1y X1H "ANL [S] [S]'advinag
[S1'0:Q-qu ‘e ‘'ANL [S]‘0:@-qu ‘0€:@-qu ou [SIpijos 1] Auewss (LD €L0T
YN XY ‘St 4N [T] AN '€ X1 9NL (7] 4N ‘OF XL ANL[T] XL ‘ANL ] sewoydwAd ‘11gavy ‘e 19 pjaj3ues
SIUDAD
JO Jaqwinu
MO| 01 3anp 0 0:d-qu iy 'a-qu [ba¥vnagag ou §€ lewusd (€€)
pandwod 10N :d-qu ‘0 :ayvINag dN ‘0:a¥vnNaqg 4N '€ :a¥vnag ‘a¥vinag 10 ‘7L NID ‘OlaNva S0z | 19 23pJ0D
(S1'2-£90)
6L'L 8900 Ly 0S¢ -@-qu advNadqg
'd-qu ‘4N [4] ‘@-qu ‘€90°0 4NL ¢09:d-qu ‘@-qu‘ZL IHNL 16 4NL [g] ou ‘I4NL [d] [g]119> |eseq
ovz-vv0)66'0  [4]1'€50°0:Q-qu ‘69 4NL [g] ‘S8l [g]!/6:@-qu ‘99 :g-qu ‘ayvinag ISJ[E2 uspams (£€)9l0T
'd-qu 'INL [S] ‘9200 :I4NL [S] 'd-qu ‘06€ I INL [S] ‘0L 4NLI[S] 4N £ 4NL[S] Ou 'I4NL [S] snowenbs ‘SILYY 'l 32 noydseey
[sniexs
Supows
'x3s ‘a8e]
(Z8'1-110)
%70 :d-qu X1y
‘[sniels
3upjows 99:Q-qu 65l :d-qu advINaqg DSIAN
'x9s ‘28e] 8'€S:d-qu 14 6’ X1Y ‘€T X1 ou X1y noyim
(88'0-9€°0) L'¥T X1Y '8'ES '@-qu ‘7 X1y ov '9'9:Q-qu ‘651 :g-qu ‘ayvinag 'sosed AN (6€)9L0T B R
95°0:@-qu ANL  :@-qu ‘€'€€ IHNL 4N :d-qu ‘€S I4NL ‘89 II4NL '€V IANL OU ‘4N L Jooued ||y 'vy-4gysg Zapueula4-eA|lS
¢S :a-qu 68 :a-qu advNadqg (61)9l07
(S6'L-¥9°0) LL'L 4N UN L1 4NL UN '€LT HANL OU ‘4N L Isealg SN ‘@JesipaN ‘e 32 luejweN
SIUIAD
4O Jaqwinu
MO| 01 3np 6€00 90'G ‘d-qu 9€0'Z :d-qu ayvinag §€ Uspams (9€) 9107
paNdwod 10N :d-qu ‘2£0°0 ‘4ANL UN ¥:@-qu ‘€ (I dNL 'S0'9 I4ANL 'G89 I4ANL Ou ‘IINL 10 ‘7L NID ‘SILYY ‘19 WoJIspem
[](80'8-92°0)
L XL XL
4] 0ze
(E07-817°0) XLA YN X1y
ov'L XL 'Vav 0Ev 'BLE XLN
T#] XLN ‘6L X1 LEY N vavy XL X1
(9Lz-€0'L) XL ‘99 vav ‘€9 ‘SEE XIN X1IN V8V (8¢)
67" L XLN INL 4N XLN 2y L IHNL ‘601 I ANL 4N 4N XLIN ANL DJSAIN SN ‘@Jes3ipaN 9107 '[e 19 103S
[93s Jadued ayvinag JSAIN
‘swi Jepus|ed L9¥' :d-qu 0/ -@-qu 9/1'L :@-qu ou noyim
'x8s ‘23e] ‘€56 D01 ‘L7201 TLED0L ‘D01 'X1¥ 'S9sed YJewusd (1)
(08'L-LL0)EL'L 4N X1¥ 'vav ‘ANL 'X1¥ ‘vav ‘ANL 4N X1¥ ‘vav ANL 'vav 4INL Jaoued ||y ‘OlaNva 8107 ‘|e 12 Joksuq
(1] S9l SGl:@-qu € .a-qu ¥91'7:0-qu ayvINgg ou Uspams (ev) 810T
(7S L-€£°0)90'L ‘@-qu ‘2L IHNL dN Ty 1ANL ‘€S IHNL 'L9% 4NL 4N plloS ‘SILYY '[e }9 noyoseey
[auswisn(pe] Ad 000'L/91eY Ad ‘OU ‘SJusA] sJieak '0uU ‘sjusaned ayviNg 2dA) Jsdued Anunod (JaJ) 4e3aA Joyiny
(1D %S6) ¥YH ‘dn-mojo4 [eniu| ‘JoyoD

. SIsA[eue-e1aW 8y} Ul pspnjoul SeIpnis Jo soNsuel1oreYD)

‘I elqel



"SJ13S14910RIRYD BUIISSE] Ul S3DUBJIBLIP pue ‘s8nip Alojewwlejjuliue [epioiaisuou ‘sulidolyieze pue uiodsojdid 03 ainsodxa snoinaid ‘Suijows ‘xas a8y #

‘9 JaYlo pue

‘€ D01 ‘G X1Y ‘& eaupjeue (0 YAV ‘8 qewnz||01ad pue ‘Z gewnuwlijo ‘|8 gewixijjul ‘£G 31daiauels ‘99 gewunuwijepe :Apnis z3pJod) 3yl Ul vy Yim syuaiied Jo Jaquinu 4o Juswieald di8ojoig [p
"N3IS Ul BLUOUIDIRDOUSPE pUB NS UJ J2IURD [B2IAISD Suipn)pul §

'sisougelp JSIAN Juapidul 8y 01 Jorid 3unsodxa ygy 40 X1 10 I4NL #

*28e3s Jadued xapul pue ‘9dA) Jadued “Jadued xapul 3y Jo (SJeak GF) sisouselp Jo Jeak ‘(sieak 0| F) Jeak yuig ‘Xas ‘suoiipuod pigJowod ‘|aAs| uoieanps 1

*gewnz|p0} = DO Hodqiyul

10108} SISOJI3U JoWN = I4NL ‘qewixXniid = X 1Y 90UaJaa4 = *Ja4 1eak-uosiad = Ad (pa140dal JoU = YN ‘422Ued UlMS eulouR[@WUOU = JSIAIN ‘@YVIAQ 2180[0Iq OU = 0-qu ‘31eXa.J3041aW = X1 A
‘ones plezey = yH ‘eisejdoau [erayndsenul [ediAId = NID ‘Snup dnewnayinue Suiklipow-aseasip d180j0lg = QYVINAG adadeleqe = ydy (eAISIUl 9DUIPLUOD %S6 = 1D %S6 x

[#] 8'6L 901 :d-qu advINgg ou AN (92)
(#6'1-92°0) L0 ‘@-qu oY I4NL dN dN dN LL1HANL 4NL DJSIAIN ‘vy-484sg 2102 '|e 19 492N

6'€:Q-qu 8v:Q-qu QdviNgq ou AN (S2)
dN €1:Q-quU’'0dNL  6SL:@-quU 68 IANL  Z:@-qu ‘0 :4NL ‘TS HANL ‘061 4NL 4NL € NID 'Vy-494s9 2102 '|e 19 JadJs|N

[xas 'a8e] G6¢ :@-qu Q¥vINQg ou uspams (80)€L0T
(L'EL-8'0) C€E 4N dN 0l :@-qu ‘€ I4NL 4N 7S 1HNL ANL ewoue|s|N ‘SILYY '[e 39 Noydseey
[auawiasn(pe] Ad 000'L/218Y Ad ‘0U ‘SJUSAT sJeak ‘0U ‘sJusiled QyvINg 2dA1 Jsoued Anunod (324) JeaA Joyiny

(1D %S6) YH ‘dn-mojjo4 el "Hoyod

(pJuop) -1 olqeL



‘NS Ul BLIOUIDJIRDOUSPE pUB NS Ul J9Ued [e2IAIS) Sulpn)pul

"Y3eap pue 92Ud4INdY L

*JO)qIYUl 10308} SISOJIBU JOWNY = I4N L ‘gewixnmil = X1y

‘dUBIBRI = "Jod 'SHIYLE PIoJeWNaY) = VY ‘sieak-uosiad = Ad ‘shyue dneuosd = ysd ‘paniodal 10U = YN Ladued UPjS BLUOURWIUOU = JSIAIN ‘OleJ piezey = yH ‘eisejdoau |elpyidaeiiu
[B2IAIRD = N[D ‘SRye Auoyewiwle|jul J1uoJdyd = 1D 8nJp dnewnaylnue Suikypow-aseasip 2180j01q = AYYINAQ ‘shymeolApuods |eixe = ydsxe Adadelege = ygy |eAISIul 9DUSPIIUOD %56 = |D %S6 x

(€7) @ouel4
AN AN (%% L l'€C 9z SJadUed ||V ON X1 vy '110Z e 39 luewl|S
(0g) wniSjeg
AN AN AN L AN € AN ON IANL vadsxe ‘10T ‘|2 19 SUBAOYISIA
vasxe (62)
AN AN AN 0 AN 144 AN ON IANL 'Yy B2J0Y YINos 7107 ‘e 19 seg
(¥2) Ayl
AN AN N 0 AN €l AN ON X1 Y ‘10T '|e 19 lueNSeqas
L0l
SJagquinu moj 0 :QyvINQg ou ‘dyvinag ou vSd (€€)lewuag
01 3np paIndwod 10N 0 AN '0:advINaq AN '79:'QYvINATG  £€40'T'LNID QYVINQGON  QdvINag  ‘vdsxe 'S10Z 'le 19 23pJ0D
Z ‘siseljosd 9 :siseljosd (Z€) spuejuayIaN ayL
AN AN N ‘7vy AN 'Svy DSIN sisell0sd IANL VY 'S1L0Z ‘e 38 81wnT uep
671
¥ :QYvINAq ‘dyvINgq ou
(8'1-€0)SL0 AN AN ‘S IANL AN 1€ I4NL Dpsupue pesy  dYvINQg ON IANL vy (1€) SN ‘'S10T ‘e 18 sdijiyd
DSIAN INoYIm (7€) wniSjeg
AN AN N 14 AN 6 SIERIV|=a N\ ON IANL Y ‘SL0Z ‘|e 39 usy3iag
LL
‘ay¥vinaqg ou (2
AN AN AN 14 AN ‘€71 ‘advINaQ AN QYVNQQAON  XI¥'ANL Vo puejul4'SL0Z ‘eI Usuoley
zvav €52 vav S vav 9t vav GG vavy vav (Gg) @dueld
AN VEXLY  POv'L X1Y ‘8% X1 ‘TG X1 ‘04T X1 AN ON X1 v ‘910¢ ‘|e 3@ 843quan09
W8zvv Ll AN AN oL AN 0S AN ON IANL vdsxe  (zp) Al ‘'810T ‘(e 18 luszy
%0L0 Gl
‘dyvinaq ou :d¥vinNag ou
AN AN N ‘%0t :advINaq AN ‘S| :dYvINag pljos QYVNQGON  a¥vNdg o (ot) uede[ ‘810z ‘Plesewes
DSIAN IN0YIM (#77) 021y O1BNd/SN
AN AN N L AN vEL SJadURD ||V ON X1 VY ‘3107 '[e 39 doJyauIm
(1D %S6) ¥YH Ad Ad "OU ‘SJuaA3 sJeak ‘0U ‘sjusned 2dA Jsdued |0J43U0D ayving VD (J8J4) Ainunod ‘Jeak Joyiny
00L/31RY ‘dn-mojjo4 leniu|

LMBIABI DI1BWIBISAS 8U) Ul PapN|oul SeIpnIs 8u) JO solisueioeey) g @lqel



6.6 years. Raaschou et al (43) followed patients receiving
bDMARDs for a mean of 5.3 years and the control group for a
mean of 4.3 years. In the majority of studies, a bDMARD was
used for the first time (19,25,26,28,36,37,39,43). For the other
cohorts, this information was not mentioned in the article. The
time from remission of the first cancer to the introduction of
bDMARDS varied among studies: at least 1 year for some
(19,38), 6 months for Raaschou et al (43) (median of 7.9 years
for bDMARDs, 7.6 years for no bDMARDs), or during the 5 years
after oncologic remission (25,36).

Studies mostly had a moderate risk of bias. No study
was excluded because of low quality assessment.

Systematic review: chronic inflammatory arthritis
with a history of cancer and receiving bDMARDs. Four
articles investigated the risk of cancer in patients with axial SpA
treated with bDMARDs (29,30,33,42) (Table 2). Atzeni et al (42)
found a history of neoplasia as a risk factor for new neoplasia or
disease recurrence: in this Italian observational cohort, 10 of the
50 patients with a new cancer during follow-up had a history of
cancer (80% solid cancer and the others nonmelanoma skin
tumors), with HR 11.2 (95% CI 4.4-28.4; P < 0.001). Bae et al
(29) retrospectively analyzed 22 patients with RA or axial SpA
treated with a TNF inhibitor, without a control group. During a
mean follow-up of 40 months, no new neoplasia was detected.

Finally, other US (44), Finnish (22), Belgian (34), Dutch (32),
French (23,35), Italian (44), and Japanese (40) cohort studies fol-
lowed RA patients receiving bDMARDs. They reported a few
cases of cancer recurrence in patients with a history of neoplasia.

However, because of small numbers or lack of data, we were
unable to calculate RRs and could not add them to our
meta-analysis. Philips et al (31) found no increased risk of
recurrence or mortality of head and neck cancer in RA patients
receiving a TNF inhibitor versus no bDMARDs (HR 0.75 [95% CI
0.31-1.85]; P = 0.54).

Meta-analysis: RA patients with a history of
cancer and receiving bDMARDs. Overall risk of new or
recurrent cancer. Among the 26 studies, 9 cohort studies
(19,26-28,37-39,41,43) were included to calculate the risk of
recurrent or new cancers of all types (solid, lymphomas, and skin
cancer, excluding invasive cervical cancer) in RA patients receiv-
ing bDMARDs (TNF inhibitor, rituximab, tocilizumab, abatacept)
versus no bDMARDs. The RR was 1.09 (95% CI 0.92-1.29;
P = 0.31) with little heterogeneity between studies (1> = 8%,
P = 0.37) (Figure 2). The number of patients was at least 7,560:
1,930 receiving bDMARDs and 5,630 no bDMARDs. The exact
number of patients could not be calculated, nor could the number
of new cancers be calculated (38) because of unavailable data.
Dreyer et al (41) also found no increased risk of cancer (all types,
except NMSC) for patients starting bDMARDs <5 and >5 years
after the first cancer diagnosis (HR 0.92 [95% CI 0.71-2.18] and
1.25[95% CI 0.40-2.10], respectively) as compared with patients
not receiving bDMARDs.

Risk of new or recurrent cancer with anti-TNF therapy. Eight
studies (19,26-28,37-39,43) included patients treated with a
TNF inhibitor, at least 1,494 patients, compared to 4,454 control
patients (at least 164 new tumors occurred in patients receiving
anti-TNF agents and 414 in patients not receiving bDMARDs;
data missing for Mercer et al and Scott et al [26,38]). For these
patients, the risk of cancer recurrence was not significantly
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Figure 2. Risk of recurrence or new cancer in patients with rheumatoid arthritis with a history of cancer and receiving biologic disease-modifying
antirheumatic drugs (bDMARDs) versus no bDMARDs. The size of the squares corresponds to the weight of each study. 95% Cl = 95% confi-
dence interval; Aba = abatacept; anti-TNF = anti-tumor necrosis factor; IV = inverse variance; RTX = rituximab.



increased (RR 1.11 [95% Cl 0.85-1.46]; I° = 48%, P = 0.41)
(Figure 3A). For Raaschou et al (43), the time between cancer
remission and initiation of bDMARDs was similar between the
anti-TNF and no-bDMARDs groups. Silva-Fernandez et al (39)
did not specify the minimum duration for inclusion of patients,
but patients initiating a TNF inhibitor had a longer duration of
remission than patients not receiving bDMARDs (mean 11.5 and
7.9 years, respectively), and those receiving rituximab had a
mean duration of remission shorter than the control group
(5.4 years). Raaschou et al (43) showed no significant difference
in risk among patients starting bDMARDS during the first 2 years
after a cancer diagnosis (solid and hemopathy), between 2 and
5 years after or >5 years after (P = 0.91).

Risk of new or recurrent cancer with rituximab. Among the
26 studies analyzed, 3 provided the required data to calculate
the risk of a new cancer in patients receiving rituximab
(27,38,39). The number of patients with a second cancer or can-
cer recurrence was 11 of 124 receiving rituximab and 59 of
281 not receiving bDMARDs (data missing for Scott et al [38]).
The risk of recurrent cancer was not significantly increased
(RR0.79 [95% Cl 0.41-1.53]; I = 0%, P = 0.65) (Figure 3B).

Risk of new or recurrent cancer: breast cancer, invasive cer-
vical cancer, or skin cancer. We found 2 studies (19,43) for
patients with a history of breast cancer. The studies included
496 patients with a history of breast cancer who were exposed to
anti-TNF agents: 44 experienced a recurrent or new breast tumor,

as did 2,002 patients in the control group, including 145 new can-
cers. The risk of new breast cancer or cancer recurrence was not
significantly increased (RR 1.21 [95% CI 0.84-1.72]) as compared
with patients not receiving bDMARDs, with no heterogeneity
between studies (12 = 0%, P = 0.70) (Figure 4A).

Cervical cancer was reported in 3 studies (25,33,36). Neo-
plasia developed in 3 of 1,108 patients with a history of cervical
intraepithelial neoplasia or cancer of the cervix who were exposed
to bDMARDs, with 6 of 2,526 in the control group (no neoplasia in
the exposed and unexposed groups in the study by Cordtz et al
[33]). For patients with a history of cervical intraepithelial neoplasia
or cervical cancer, the risk of cervical cancer (recurrent or new) in
patients receiving TNF inhibitors was not significantly increased
(RR 0.42 [95% CI 0.01-17.29], I> = 79%, P = 0.03) as compared
with patients receiving no bDMARDs (Figure 4B).

For skin cancers, four studies were selected (26,28,37,38).
The RR for risk of recurrence or new cancers (NMSC and mela-
noma) was 1.32 (95% Cl 1.02-1.72) for patients receiving
bDMARDs as compared with placebo, with no heterogeneity
between studies (1> = 0%, P = 0.04) (Figure 4C). However, when
melanomas were excluded, the risk of NMSC for patients receiv-
ing bDMARDs was not significantly increased (RR 1.28 [95% ClI
0.96-1.67]; 1> = 0%, P = 0.77) as compared with no bDMARDs
(Figure 4B), and the same result was found for patients receiving
TNF inhibitors (RR 1.27 [95% Cl 0.96-1.68]; I = 0%, P = 0.09)
(see Supplementary Figure 1, available on the Arthritis Care &
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Figure 3. Risk of recurrence or new cancer in patients with rheumatoid arthritis with a history of cancer and receiving anti-tumor necrosis factor (anti-
TNF) therapy or rituximab, versus no biologic disease-modifying antirheumatic drugs (bDMARDSs). A, anti-TNF therapy versus no bDMARDS; B, Ritux-
imab versus no bDMARDs. The size of the squares corresponds to the weight of each study. 95% Cl = 95% confidence interval; IV = inverse variance.
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Figure 4. Risk of recurrence or new cancer in patients with rheumatoid arthritis with a history of breast cancer, invasive cervical cancer, or skin
cancer and receiving biologic disease-modifying antirheumatic drugs (bDMARDs) versus no bDMARDs. A, History of breast cancer; B, History of
cervical intraepithelial neoplasia or cervical cancer; C, History of skin cancer (melanoma and nonmelanoma skin cancers [NMSCs]); and D,
History of NMSCs. The size of the squares corresponds to the weight of each study. 95% Cl = 95% confidence interval; Aba = abatacept; anti-
TNF = anti-tumor necrosis factor; IV = inverse variance; RTX = rituximab.

DISCUSSION

In our meta-analysis, the risk of new or recurrent cancer
was not significantly increased in RA patients with a history of
cancer and receiving bDMARDS versus no bDMARDs. In addi-
tion, the risk of new or recurrent cancer was not significantly

increased for patients receiving TNF inhibitors or rituximab ver-
sus no bDMARDs. Cervical dysplasia is a precancerous lesion
and can be a potential confounding factor. Therefore, we
excluded it in the overall risk analysis of recurrent or new cancer.
For RA patients with a history of breast cancer, cervical intrae-
pithelial neoplasia, or cervical cancer, the risk of recurrence or
new neoplasia was not significantly increased with bDMARDs
versus no bDMARDSs. In contrast, for RA patients with a history
of skin cancer, the risk of recurrence or new cancer was



increased with bDMARDs as compared with no bDMARDs.
However, the increased risk was not found when melanoma
was excluded. Only 1 study could be included concerning recur-
rent or new melanoma (28) with a small number of cases and
only in situ forms.

Our results are consistent with 2 meta-analyses examining
recurrence or new cancer risk in RA and chronic IBD patients with
a history of cancer starting treatment with bDMARDs (15,16).
Shelton et al (16) showed that the rate of secondary or recurrent
cancer was similar among IBD or RA patients receiving anti-TNF
therapy (incidence rate [IR] 33.8/1,000 person-years,
1> = 73.4%), conventional treatment with thiopurine, methotrex-
ate, or azathioprine (IR 36.2/1,000 person-years, I° = 93.6%), or
without conventional or anti-TNF therapy (IR 37.5/1,000 person-
years, 12 = 94.3%). However, the authors included several small
studies, mainly of IBD patients receiving only anti-TNF therapy.
These patients present several differences as compared with RA
patients: they are often younger, with fewer comorbidities, and
with different use of TNF inhibitors. In addition, thiopurine treat-
ment, not used in RA patients, is associated with an increased risk
of NMSC (45). The final results of this meta-analysis were also het-
erogeneous. Micic et al (15) found no increased risk of recurrence
or new cancer in patients receiving a TNF inhibitor as compared
with the control group (RR 0.68 [95% CI 0.40-1.16] for IBD and
1.06 [95% CI 0.78-1.46] for RA). Our meta-analysis updated the
literature review and focused on all bDMARDs in RA (excluding
JAK inhibitors because of lack of data), which increased the
power of our study. Other strengths are that we selected only reg-
istry studies, which allows for longer patient follow-up as com-
pared with randomized studies and a larger numbers of patients.
We found homogeneity between studies for most of our results.

However, our study has some limitations. With respect to the
other chronic inflammatory arthritis conditions (axial SpA and
PsA), the small number of cohort studies and their small size are
the main limitations for drawing conclusions. On the basis of cur-
rent recommendations, patients eligible for treatment with
bDMARDs may have less severe cancers and lower risk of recur-
rence than those receiving no bDMARDs. Most studies did not
report a stage classification of cancers. However, in the
Raaschou et al cohort (43), baseline characteristics did not differ
between cancer stages in the bDMARD and control groups.

Due to lack of data, we could not study the risk of recurrence
with rituximab or TNFi treatment according to the subtype of solid
cancer or hemopathy. Current recommendations (1,11-13) sug-
gest using rituximab over TNFi for patients with RA and a history
of lymphoproliferative disorder. For patients with a history of solid
cancer, the 2015 ACR guidelines for RA (46) recommend using
the same treatment as in patients without cancer, while the others
(1,11) suggest waiting 5 years between cancer remission and the
initiation of bDMARDs, except for rituximab treatment. In our
meta-analysis, the minimum time between cancer remission and
initiation of bDMARDs was difficult to determine because the

duration of cancer remission at the initiation of bDMARDs differed
in registries or was not specified.

The use of bDMARDs before inclusion could be a bias in ana-
lyzing the data. To avoid this bias, some authors considered in
their inclusion criterion the use of bDMARDs for the first time
(19,25,26,28,36,37,39,43). Dreyer et al (41) conducted a subana-
lysis to compare the risk of cancer recurrence between patients
receiving bDMARDs before or after the first cancer and found no
increased risk of cancer recurrence in each subgroup.

The link between cancer risk and disease activity is now estab-
lished, particularly for lymphomas. However, the selected cohort
studies did not adjust for recurrence risk on RA activity owing to
lack of data, which may represent a potential confounding bias. In
the cohort study of Silva-Femandez et al (39), at baseline, patients
receiving no bDMARDs had lower disease activity than those
receiving anti-TNF or rituximab (Disease Activity Score in 28 joints
5.2 versus 6.5-6.6). Thus, patients with higher disease activity
could have a higher risk of cancer recurrence with bDMARDs than
those with no bDMARDs. However, the authors did not show an
increased risk of cancer recurrence. Tobacco is a risk factor for
many cancers. However, the study of Silva-Fernandez et al (39) is
the only one that took this factor into account by adjusting the
result. For skin cancers, several risk factors have been identified:
ethnic origin (White), country of residence because of sun exposure
(47), or treatments (thiopurine, psoralen and ultraviolet A therapy
[48,49], steroids [50]). Scott et al (38) and Mercer et al (26) adjusted
the results on these risk factors, thereby reducing the confounding
bias. Similarly, for cervical cancer or dysplasia, for the 3 selected
studies, the results were not adjusted for the most frequent risk fac-
tor (human papillomavirus infection). Two studies (19,43) reduced
the confounding bias by matching patients receiving bDMARDs to
the control population.

Patients receiving bDMARDs have more regular follow-up
than those receiving no bDMARDs and therefore more frequent
screening for cancer. However, as our study shows, the num-
ber of recurrences or new cancers observed in patients receiv-
ing bDMARDs was not significantly higher than in the control
group, so this follow-up bias is minimal. Finally, although the
numbers are larger in this meta-analysis than in randomized
studies, subgroup studies could not be conducted for each
type of cancer because of rare events and lack of data in the
selected studies.

Our study suggests that the risk of recurrent or new cancer is
not increased for RA patients with a history of cancer (solid,
hemopathy, cervical intraepithelial neoplasia, or NMSC) who
receive bDMARDs as compared with patients who receive no
PDMARDs. For melanomas, our results do not allow for conclu-
sions because of the small number of retrieved studies, and fur-
ther studies are needed. For other cancers, cancer in remission
and chronic inflammatory arthritis with high activity, the initiation
of bDMARDs may be considered without increasing the risk of
recurrence or a second cancer.
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