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Risk of non-melanoma skin cancer 
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Abstract 

Background: Most previous studies compared the risk for non-melanoma skin cancer (NMSC) in biologic-treated 
common inflammatory diseases with the general population. Whether the increased NMSC risk is caused by the 
disease itself, the biologics, or both remains unknown.

Methods: We systematically searched PubMed, Embase, Medline, Web of Science, and Cochrane Library from 
inception to May 2021. Studies were included if they assessed the risk of NMSC for rheumatoid arthritis (RA), inflam-
matory bowel disease (IBD), or psoriasis patients treated with biologics compared with patients not receiving biolog-
ics. Pooled relative risks (RRs) and 95% confidence intervals (CIs) were calculated using the fixed- or random-effects 
model.

Results: The current meta-analysis included 12 studies. Compared with patients with the inflammatory disease with-
out biologics, patients receiving biological therapy were associated with an increased risk for NMSC (RR 1.25, 95% CI 
1.14 to 1.37), especially in patients with RA (RR 1.24, 95% CI 1.13 to 1.36) and psoriasis (RR 1.28, 95% CI 1.07 to 1.52), but 
not in patients with IBD (RR 1.49, 95% CI 0.46 to 4.91). The risks for squamous cell skin cancer and basal cell skin cancer 
were both increased for patients receiving biologics. However, the risk of NMSC did not increase in patients treated 
with biologics less than 2 years.

Conclusions: Current evidence suggests that increased risk of NMSC was identified in RA and psoriasis treated 
with biologics compared with patients not receiving biologics, but not in patients with IBD. The inner cause for the 
increased risk of NMSC in IBD patients should be further discussed.
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Background
Rheumatoid arthritis (RA), inflammatory bowel disease 
(IBD), and psoriasis are three common immune-medi-
ated inflammatory diseases involved with epithelial or 

connective tissue with overlapping genetic susceptibil-
ity and relatively high incidence [1–4]. Previous studies 
found that all these three diseases increased cancer inci-
dence in epithelial or connective tissue, including mela-
noma and non-melanoma skin cancer (NMSC) [5–10]. 
It is worth noting that these three diseases also have 
overlapping treatment modalities, and they are charac-
terized by long-term treatment [4]. Biologics, including 
tumor necrosis factor inhibitors (TNFIs; adalimumab, 
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etanercept, infliximab), CD20 inhibitor (rituximab), 
antagonists of the IL-17 pathway (ustekinumab, secuki-
numab, and ixekizumab), and antagonists of the IL-6 
pathway (tocilizumab) were licensed for the treatment of 
RA, IBD, or psoriasis in the early part of the last decade 
[11–14]. Although these drugs are widely used and their 
efficacy is well-proven, their role in the risk of develop-
ing a variety of cancers remains unclear [15]. The above 
results raise a question, namely, whether the diseases 
increased the risk for NMSC, or the use of biological 
agents increased this risk, or both.

Esse et  al. identified no significant association 
between the risk of melanoma and biological treat-
ment for patients with common inflammatory diseases 
compared with those receiving non-biological therapy, 
which showed that biological therapy is not critical in 
developing melanoma for patients with inflammatory 
diseases [16]. Van Lümig et  al. found that patients with 
psoriasis had a 5.5 (95% confidence interval [CI], 2.2 to 
13.4) higher rate of NMSC compared with patients with 
RA with correction for the duration of TNFIs and other 
systemic therapies [17]. Therefore, the impact of biologi-
cal therapy on these three diseases for the occurrence of 
NMSC should be further investigated to determine the 
inner relationship between the increasing incidence of 
NMSC and biologically treated inflammatory diseases.

Previous studies in biologic-treated IBD and psoriasis 
have found an elevated incidence of NMSC in pan-cancer 
research [18–20], while these studies selected the gen-
eral population as a comparison, which cannot distin-
guish whether the increased risk of NMSC comes from 
diseases or biological agents. At present, a meta-analysis 
evaluating the risk of NMSC in biologic-treated patients 
versus non-biologic-treated patients has been confined 
to RA patients [21, 22]. A systemic review identified that 
TNFIs therapy is associated with increased risk of NMSC 
versus non-TNFIs therapy (relative risk [RR], 1.28; 95% 
CI 1.19 to 1.38) [22]; other kinds of biologics were not 
included in the analysis [23]. The risk of NMSC in indi-
viduals with IBD or psoriasis treated with biological 
treatment versus those not receiving biological therapy 
is even less apparent. A systemic review on the occur-
rence of any cancer associated with the use of TNFIs for 
IBD therapy included the studies about NMSC compared 
with the general population, and no effect size calcula-
tion was performed [19, 24]. To the best of our knowl-
edge, the only meta-analysis of any malignancy amongst 
biologic-treated psoriasis patients examined the risk of 
NMSC also compared with the general population [18].

To address the above issues, we performed a system-
atic review evaluating the risk of NMSC in patients 
with common inflammatory diseases treated with bio-
logics. Considering the inherent relevance of the three 

diseases, connective studies are necessary to clarify 
whether the source of the increased risk of NMSC is 
related to biological agents, the diseases, or both. We 
aimed to present a therapeutically meaningful review of 
the available information to help clinicians make better 
therapy decisions.

Methods
Data sources and searches
The following terms were used to search PubMed, 
Embase, Medline, Web of Science, and Cochrane Library 
from their creation to May 2021 for eligible studies, 
with no language constraints: “arthritis rheumatoid” or 
“rheumatoid arthritis” or “rheumatoid chronic arthritis” 
or “inflammatory bowel disease*” or “ulcerative colitis” 
or “crohn” or “psoriasis” or “inflammatory disease*” or 
“immune-mediated disease*,” “skin cancer*” or “skin neo-
plasm*” or “NMSC,” and “TNFI” or “tumor necrosis fac-
tor inhibitor*” or “tumor necrosis factor-α antagonist*” or 
“TNF-α inhibitor*” or “anti-TNF” or “biologic*” or “inf-
liximab” or “adalimumab” or “etanercept” or “golimumab” 
or “certolizumab” or “ustekinumab” or “rituximab” or 
“abatacept” or “tocilizumab” or “natalizumab” or “ved-
olizumab.” The details of the search strategy are shown 
in Additional file  3: Supplementary search strategy. We 
also conducted a hand search from the reference lists of 
retrieved articles. This systematic review was conducted 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines (PRISMA) and 
Meta-analysis of observational studies in Epidemiology 
guidelines (MOOSE) [23, 25–29]. The protocol for this 
meta-analysis was registered in the INPLASY database 
under the number INPLASY202170005.

Study selection
Randomized clinical trials, cohort studies, and nested 
case–control studies to investigate the risk of NMSC in 
patients with RA, IBD or psoriasis were included for fur-
ther analysis. Studies were deemed potentially eligible if 
they matched the preset criteria listed below: (1) Stud-
ies on people with RA, IBD, or psoriasis; (2) treatment 
based on biologics; and (3) the risk estimates and 95% CI 
of NMSC connected with biologics compared with those 
not receiving biologics. Studies were excluded if they met 
the following criteria: (1) use of the general population as 
the comparator; (2) non-clinical studies, such as animal 
studies; and (3) no relative risk could be extracted. Two 
researchers independently assessed study eligibility by 
screening study titles and abstracts and then reading the 
studies in total. Discrepancies about eligibility were set-
tled by consensus with the third investigator.
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Data extraction and assessment of the methodological 
quality
Data extraction was performed independently by two 
reviewers. The following information was extracted from 
each paper: lead author; publication year; where the 
study was conducted; data source; study design; types of 
biological therapy; comparator therapy; treatment dura-
tion; disease severity indicators; sample size; effect size 
data and associated 95% CI; and adjustment variables. 
The Newcastle–Ottawa Quality Assessment Scale (NOS) 
was used to evaluate study selection, matching, and out-
come of the included studies [30–32].

Statistical analysis
The relative risk reported in included articles were cho-
sen for inclusion in the meta-analysis. We calculated 
summary RRs and associated 95% CIs for all outcomes 
using random- or fixed-effects models [33]. In studies 
that provided multiple RR estimates, the ones that were 

corrected for the highest number of confounders were 
used. We used the Q test to assess heterogeneity in out-
comes across studies, and  I2 statistic was used to quantify 
it. An  I2 score of 50% or higher was considered to show 
significant heterogeneity. In anticipation of clinical het-
erogeneity, the random-effects model was performed. 
Begg’s and Egger’s tests were used to investigate publica-
tion bias. Subgroup analyses were conducted based on 
types of NMSC, types of biological therapy, study quality, 
treatment years, and sample size. All statistical analyses 
were conducted using Stata statistical software, version 
15.1 (StataCorp., College Station, TX, USA).

Results
Search results
The process of article selection is shown in Fig.  1. The 
search strategy identified 7542 records from the data-
bases. After removing 3011 duplicates, 4531 records were 
identified. We excluded 4447 entries by title and abstract 

Fig. 1 Flow chart for the search and selection of eligible studies
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screening. The remaining 84 articles and one more paper 
discovered by hand-searching were read in their entirety 
and assessed for eligibility. Of these studies, three stud-
ies compared different diseases as control, 14 studies 
were systematic reviews, 27 studies did not report the 
outcome, and 29 studies used the general population as 
comparator group. Ultimately, we included 12 articles for 
analysis.

Characteristics of included studies
The 12 included studies were published from 2007 to 
2019, and all were observational studies conducted in the 
USA (n = 8), Sweden (n = 2), the UK (n = 1), and Demark 
(n = 1; Table  1). Amongst these included studies, eight 
investigations were carried out on patients with RA [9, 
34–40], one on patients with IBD [41], two on patients 
with psoriasis [42, 43], and one on patients with all these 
three diseases [44]. In all, 109,578 patients were treated 
with biologics, and 191,062 biologic-naïve patients did 
not receive biologics. The average duration of treatment 
varied from 0.3  years to 5.9  years, with research peri-
ods spanning 1995 to 2015 (Table 1). The majority of the 
included studies (n = 11) involved individuals treated 
with TNFIs [9, 34–39, 41–44]. Amongst them, eight 
articles only involved TNFIs treatment [9, 34, 36, 37, 39, 
41, 43, 44], and three articles reported the independ-
ent outcome of adalimumab, etanercept, and infliximab 
treatment [34, 39, 43]. In addition to TNFIs, individu-
als treated with rituximab (CD-20 inhibitor), abatacept 
(CD-28 inhibitor), and tocilizumab (IL-6 inhibitor) were 
also included in the research [35, 38, 40]. Age and gen-
der adjustments were conducted in all the included stud-
ies. Furthermore, adjustment for prior or concurrent 
immunosuppressive therapy exposure was undertaken in 
one research [40], and adjustment for race/ethnicity (an 
indication of skin color, a key risk factor for NMSC) was 
carried out in four studies [9, 35, 42, 44]. However, UVR 
exposure was not adjusted in any of the included studies 
(Table 1).

Quality assessment
According to the NOS, three studies scored 7 and nine 
studies scored 8, meaning that all the included stud-
ies were assessed as high quality[30] (Additional file  1: 
Table S1). In the selection domain, all the included stud-
ies received the highest possible scores (4 of 4). In the 
comparability domain, all studies scored 1out of 2 for 
the lack of adjustment for UVR exposure. There was 
no report on the number of people lost to follow-up or 
related information in studies from Dreyer, Wadström, 
and Kimball et al. [36, 38, 43].

Risk of NMSC
A random-effects model was used to calculate the sum-
mary RR of NMSC for patients treated with biolog-
ics versus those that did not receive biological drugs. 
The meta-analysis revealed that the use of biologics was 
linked with a greater risk of NMSC compared with no use 
of biologics in three common inflammatory diseases (RR 
1.25, 95% CI 1.14 to 1.37; Fig. 2). Amongst them, biologi-
cal therapy also increased the risk of NMSC in patients 
with RA (RR 1.24, 95% CI 1.13 to 1.36) and psoriasis 
(RR 1.28, 95% CI 1.07 to 1.52), but not the risk of those 
with IBD (RR 1.49, 95% CI 0.46 to 4.91). Heterogeneity 
was not significant in the RA  (I2 = 31.2%) and psoriasis 
 (I2 = 0.0%) subgroups. No publication bias was indicated 
in the included studies (Begg P = 0.99; Egger P = 0.43; 
Fig. 3).

Subgroup analysis
To analyze the consistency of results for connections 
between the usage of biologics and the risk of NMSC, as 
well as identifying potential causes of inter-study heter-
ogeneity, we conducted subgroup analysis based on the 
types of NMSC, types of biological therapy, study quality, 
treatment years, and sample size in the models (Table 2). 
In the subgroup analysis by type of NMSC, biologics 
both raised the risk for patients with basal cell skin can-
cer (BCC; RR 1.16, 95% CI 1.02 to 1.32) and squamous 
cell skin cancer (SCC; RR 1.34, 95% CI 1.10 to 1.63; Addi-
tional file 2: Fig.S1a). However, subgroup analysis based 
on types of biologics demonstrated that both TNFIs (RR 
1.23, 95% CI 1.10 to 1.37) and abatacept (RR 2.00, 95% CI 
1.27 to 3.15) increased the risk of NMSC in patients with 
related inflammatory diseases, while rituximab (RR 1.02, 
95% CI 0.67 to 1.56) did not show the same trend (Addi-
tional file 2: Fig. S1b). Furthermore, treatment with bio-
logics for more than 2 years increased the risk of NMSC 
compared with non-biological treatments (RR 1.26, 95% 
CI 1.17 to 1.37), whereas no significant association was 
found for receiving biologics less than 2  years and the 
risk of NMSC (RR 1.04, 95% CI 0.79 to 1.37; Additional 
file 2: Fig. S1c). Also, regardless of study quality or sample 
size, patients who used biologics had a higher incidence 
of NMSC than those who did not use biologics (Addi-
tional file 2: Fig. S1d and S1e).

Discussion
In the current meta-analysis, a significant associa-
tion was identified between biological drug exposure 
and the development of NMSC in patients with three 
immune-mediated inflammatory diseases. Further analy-
sis demonstrated that biologic-treated patients with RA 
and psoriasis, but not patients with IBD, had a higher 
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incidence of NMSC compared with patients treated 
with non-biological therapy. Based on previous studies, 
the most important alternate options for these patients 
could be their non-biological comparators, including 
methotrexate (MTX), hydroxychloroquine, sulfasalazine, 
or leflunomide for RA patients and MTX, cyclosporine, 
ciclosporin, hydroxyurea, mycophenolate mofetil, sul-
fasalazine, or thioguanine for psoriasis patients [42, 44]. 
These drugs should be considered for patients prone to 
NMSC, such as patients with red hair color or a fam-
ily history of NMSC [45, 46]. Recently, evidence has 
emerged that non-biological therapies are not inferior 
to biological treatments for RA patients, especially when 
administered early in the disease’s course [47–50]. Fur-
thermore, considering the high costs and risk of seri-
ous infections [51, 52], the use of biologics should be 
cautious.

To the best of our knowledge, this work is the first 
meta-analysis to explicitly investigate the risk of NMSC 
in patients with IBD and psoriasis who received biologi-
cal therapy compared with their biologic-naïve patients. 
A meta-analysis of any cancer reported an increased 
risk of NMSC in patients with IBD without assess-
ing the effect of any treatments [53]. At present, only 
one other pan-cancer systematic review involved the 
relationship between biologics-treated IBD patients 
and the risk of NMSC [19]. However, the comparator 
group included in this study was the general popula-
tion and no meta-analysis was performed. The lack of a 
biologic-naïve comparison group for patients with IBD 
in two studies left unresolved problems of whether the 
observed results are due to the disease, the treatments, 
or both [54]. As we only included the studies that directly 
compared biologic-treated IBD patients with biologic-
naive IBD patients, our study offers a more rigorous 
and clinically relevant estimate of the risk for NMSC in 
biologic-treated IBD patients. In this study, no signifi-
cant association was found between IBD patients treated 
with biologics and the increased risk of NMSC; therefore, 
other key factors related to the increased risk of NMSC 
in IBD patients should be discussed, such as thiopurines 
treatment [55]. Considering the significant variation of 
the results between the only two included studies, more 
relevant original studies are needed in future studies to 
further clarify this issue [41, 44].

At present, the only systemic review of the pan-cancer 
study involving the risk of NMSC in patients with pso-
riasis also treated the general population as comparator 
group without estimating relevant effect, which dem-
onstrated an increased risk of NMSC in patients with 
biologic-treated psoriasis compared with the general 
population [18]. In the current study, we included three 
studies that reported the NMSC risk on patients with 

biologic-treated psoriasis compared with the non-bio-
logic-treated patients, which showed an increased risk of 
NMSC in the meta-analysis.

Previous meta-analyses have indicated a relationship 
between the risk of NMSC and biological treatment in 
RA patients, which yielded similar results to our study. 
Xie et  al. summarized four studies and demonstrated 
that patients with biologic-treated RA had a higher risk 
of NMSC (RR 1.26, 95% CI 1.09 to 1.45) compared with 
non-biologic treated individuals [21]. The data by Wang 
et al. indicated that TNFIs therapy in patients with RA is 
associated with increased risk of NMSC, but only associ-
ated with SCC and not associated with BCC [22]. In the 
current study, we indicated that biological therapy was 
also significantly related to the development of NMSC 
both in SCC and BCC.

BCC (about 70%) and SCC (about 25%) are the most 
prevalent kinds of NMSC [56]. Only two studies sepa-
rately analyzing BCC and SCC were included in the 
previous meta-analysis, in which study population was 
limited to RA patients, and the study was limited to the 
association between TNFIs treatment and NMSC risk 
[22]. The current study extended the previous results by 
including more original studies assessing the risk of BCC 
and SCC separately. Thus, a more comprehensive analysis 
was conducted between the impact of biological therapy 
for three inflammatory diseases and the incidence of the 
two main subtypes of NMSC.

In subgroup analysis, biological therapy for more than 
2  years was significantly associated with the increased 
risk of NMSC in three inflammatory diseases, while no 
significant association was found for less than 2  years’ 
treatment and the increased risk of NMSC, indicat-
ing that the risk of NMSC was related to the duration of 
biological therapy. However, not all the included studies 
contained the information of mean treatment duration. 
For IBD patients, the data of mean treatment duration 
were missed, and 3  months was used as the minimal 
treatment duration [41], which suggested that numerous 
patients were treated with biologics for less than 2 years. 
For patients with biologic-treated RA and psoriasis, the 
longest mean treatment duration was up to 5.9 years and 
5.86  years, respectively. Based on the information col-
lected from the included studies, we infer that treatment 
duration might partially explain the difference in NMSC 
risk between the IBD patients’ group and the other two 
groups.

To further clarify the impact of different biological 
treatments on the occurrence of NMSC, we conducted 
a subgroup analysis by different biological treatments. 
The results showed that TNFIs and abatacept were both 
associated with the increased risk of NMSC in inflam-
matory diseases. However, no significant difference was 
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identified between the use of rituximab and the risk of 
NMSC in RA patients.

TNFIs were the most often used biologics in all the 
three common inflammatory diseases groups, as shown 
in Table  1. There are some biological reasons for the 
relationship between TNFIs therapy and the increased 
risk of NMSC. TNF is a key cytokine that modulates the 
inflammatory response and may play a role in tumor for-
mation, which can regulate cell survival, proliferation, 
and cell death, as well as the transcription of proinflam-
matory cytokines by activating pathways [57]. TNF can 
either induce tumor cell death or survival depending on 
the conditions. The risk of developing NMSC from being 
treated with TNFIs has been widely studied in patients 

with RA. A previous meta-analysis based on six origi-
nal articles also reported an increased risk of NMSC in 
patients with TNFI-treated RA [22]. In the subgroup 
analysis of TNFIs treatment, this meta-analysis included 
more relevant original studies, which increased the 
robustness and reliability of the results.

As a cytotoxic T-lymphocyte-associated protein 
4-fusion protein, abatacept specifically inhibits T cell 
activation, which has been licensed to treat RA. Abata-
cept is likely related to an increased risk of cancer as 
it reduces anti-tumor response and immune surveil-
lance [58, 59]. In the included studies, only three studies 
involved abatacept, and all were based on RA popula-
tions [35, 38, 40]. One in three studies based on 2016 RA 

Fig. 2 Forest plot for the risk of non-melanoma skin cancer (NMSC) in rheumatoid arthritis (RA), inflammatory bowel disease (IBD), and psoriasis 
patients receiving biologics compared with patients not receiving biologics. TNFI: tumor necrosis factor inhibitor; BCC: basal cell skin cancer; SCC: 
squamous cell skin cancer; RR: relative risk; CI: confidence interval. The shadow boxes represent point estimates, and the horizontal lines represent 
95% CIs. The weight of the research is reflected by the size of the box. Diamonds represent pooled estimates, with their tips representing 95% CIs
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patients found a significant association between the 
abatacept therapy and the risk of NMSC (RR 2.15, 95% CI 
1.31 to 3.52) [38]. Although the other two studies did not 
find a significant relationship between the use of abata-
cept and the risk of NMSC, their sample sizes were rela-
tively small [35, 40]. Rituximab has been extensively used 
in lymphoma patients and is now licensed for RA based 

on growing evidence of effectiveness and short-term 
safety [60]. However, little is known about the effects of 
rituximab exposure on the risk of NMSC. The study pop-
ulation of the two included studies involving rituximab 
only involved patients with RA, including the study pub-
lished by Wadström et al. [38] in 2017 and the study pub-
lished by Solomon et al. [35] in 2014. Neither study found 

Fig. 3 Publication bias. a Begg’s test (P = 0.99); b Egger’s test (P = 0.43)
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a significant relationship between rituximab therapy and 
the occurrence of NMSC. A previous study found no sig-
nificant difference in the incidence of NMSC in kidney 
transplant recipients receiving rituximab treatment com-
pared with the recipients not receiving rituximab treat-
ment, which was consistent with the results of our study 
[61]. Based on the above results, more and larger stud-
ies are needed to analyze the longer safety of biological 
drugs, especially for abatacept and rituximab.

The severity of the disease could also be an important 
factor in analyzing the risk of NMSC [62]. Previous stud-
ies identified that the severity of RA is related to the risk 
of non-Hodgkin lymphoma, and the authors explain their 
findings in terms of increased cumulative inflammatory 
activity [63]. Moreover, the severity of IBD is associated 
with the development of colorectal cancer, which is con-
siderably related to the extent of colitis [64, 65]. However, 
to the best of our knowledge, the severity of the disease 
has not been considered as the risk factor for the devel-
opment of NMSC in biologic-treated patients with com-
mon inflammatory diseases compared with the patients 
receiving non-biological treatments. Therefore, the sub-
group analysis classified by the severity of the disease 
could not be conducted. Considering the effect of inflam-
matory disease severity in other types of cancer, the risk 
of NMSC might also be influenced. Thus, the severity 
of the common inflammatory disease should be consid-
ered while studying the risk of NMSC in biologic-treated 
patients in future research.

The following are the strengths of this meta-analysis. 
First, to decrease the possibility of missing reports, we 
thoroughly searched five major databases without publi-
cation dates or language constrains. Secondly, our analy-
sis followed a predefined protocol to include studies that 
met rigorous inclusion and exclusion criteria. Thirdly, 
several stratified analyses were carried out based on sev-
eral influential study variables, including types of NMSC, 
types of biological therapy, study quality, treatment years, 
and sample size. Fourth, all articles included in this study 
received a relatively high score according to the NOS.

Nevertheless, this meta-analysis had several limita-
tions. The small number of IBD- and psoriasis-specific 
studies comparing the risk of NMSC between biologic-
treated non-biologic treated patients was the major 
limitation in this meta-analysis. Despite our thorough 
search, we only found two articles on IBD and three arti-
cles on psoriasis qualified for inclusion. Furthermore, the 
 I2 value identified significant inter-study heterogeneity 
in the meta-analysis for IBD patients, which was under-
standable given the wide range of differences across stud-
ies regarding recruited participants, treatment drugs, 
and other study characteristics. Therefore, we conducted 
subgroup analysis for different research characteristics, 
partially explaining the heterogeneity among the studies. 
Also, more studies assessing the association of biological 
therapy and the incidence of NMSC in patients with IBD 
and psoriasis are needed.

Moreover, cohort studies have a more significant 
chance of irreversible bias, mainly confounding, than 

Table 2 Association between biological therapy and risk of NMSC in subgroup meta-analyses

NMSC: non-melanoma skin cancer; TNFIs: tumor necrosis factor inhibitors; NOS: Newcastle–Ottawa Quality Assessment Scale; RR: relative risk; CI: confidence interval

Subgroup No. of studies RR(95% CI) I2 value (%) P value

All studies 12 1.25 (1.14,1.37) 37.8 0.022

Type of NMSC

Squamous cell skin cancer 4 1.34 (1.10,1.63) 44.2 0.096

Basal cell skin cancer 3 1.16 (1.02,1.32) 0.0 0.893

Type of biologic therapy

 TNFI 10 1.23 (1.10,1.37) 45.2 0.017

 Abatacept 3 2.00 (1.27,3.15) 0.0 0.689

 Rituximab 2 1.02 (0.67,1.56) 0.0 0.754

Treatment years

 Less than 2 years 2 1.04 (0.79,1.37) 0.0 0.633

 More than 2 years 6 1.26 (1.17,1.37) 19.9 0.248

Study quality

 NOS score = 7 3 1.16 (1.00,1.35) 0.4 0.426

 NOS score = 8 9 1.29 (1.15,1.44) 42.8 0.028

Sample size

 < 10,000 12 1.26 (1.12,1.42) 45.0 0.009

 ≥ 10,000 4 1.21 (1.07,1.36) 0.0 0.667



Page 15 of 17Liu et al. Cancer Cell International          (2021) 21:614  

other types of work. Although all studies corrected for 
age and gender for NMSC risk, the possibility of bias 
from unmeasured confounders, which might result in 
overestimation or underestimating for effect estimate, 
also remained. For example, the absence of correction for 
known risk variables for NMSC, including UVR exposure 
and race/ethnicity, was observed in the studies included 
in this analysis.

Additionally, although no conclusive evidence of pub-
lication bias was found based on the Begg’s and Egger’s 
tests, as we did not search for unpublished articles or 
other such literature, we cannot entirely rule out the 
potential of publication bias. Finally, the estimates were 
based on 12 studies from Europe or the US, while data 
from other regions, such as Asia and Africa, were inac-
cessible. Therefore, we need to be cautious in general-
izing the findings in this meta-analysis to other regions’ 
populations.

Conclusion
This study found a positive association between biologi-
cal therapy and the increased development of NMSC in 
patients with RA and psoriasis but not in patients with 
IBD compared with patients not receiving biological 
therapy. Therefore, biological therapy might be avoided 
in patients with RA or psoriasis who are at high risk of 
NMSC. The inner cause for the increased risk of NMSC 
in IBD patients should be further discussed. Consider-
ing the significant heterogeneity of IBD in previously 
published studies, we propose that further large, well-
designed studies on this issue are warranted to enhance 
assurance. The main risk factors for NMSC should also 
be taken into consideration in future studies.
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