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Abstract
Background: Cancer incidence and mortality have received critical attention
during the long-term management of morbidities in patients with autoimmune
diseases (AIDs). This study aimed to investigate and compare the risk of cancer
associated with five major AIDs in a large-scale Chinese cohort.
Methods: A total of 8,120 AID patients consecutively admitted to a national
tertiary referral center in China were included and followed-up for 38,726.55
patient-years, including those with systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), Sjögren’s syndrome (SS), systemic scleroderma
(SSc), and idiopathic inflammatory myositis (IIM). Demographic data, cancer
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incidence, predilecting sites and cancer onset time were recorded and compared
among the five AIDs.
Results: Four hundred and thirty (5.3%) patients developed cancer. Their
median agewas 57.5 years andAIDdurationwas 79.8months. The estimated total
standardized incidence ratio (SIR) of cancer in AIDs patients was 3.37, with the
highest SIR observed in IIM (4.31), followed by RA (3.99), SSc (3.77), SS (2.88) and
SLE (2.58). The increased SIR of cancers in AID patients showed a female pre-
dominance (female vs. male: 3.59 vs. 2.77) and younger patient involvement (age
<50 vs.≥50 years: 4.88 vs. 3.04). Patientswith SLEhad increased SIRs for develop-
ing hematologic malignancies and solid tumors located in the urinary bladder,
corpus uteri and cervix uteri. Patients with SS had a significantly high SIR for
developing non-Hodgkin’s lymphoma. Within 3 years of IIM diagnosis, 74.6% of
the patients developed cancer and they had a high risk of ovarian cancer. RAwas
associated with a wide distribution of scancers, including non-Hodgkin’s lym-
phoma, gynecologic, urinary tract, thyroid gland and lung cancers. SSc patients
had increased SIRs for developing cervical uterine, lung, and breast cancers.
Conclusion: Patients with five major AIDs in China had an increased risk
of developing cancer, with a predominance in women and younger patients,
although cancer incidence, predilection sites and cancer onset time may vary
greatly in each AID entity.

KEYWORDS
autoimmune disease, cancer risk, standardized incidence ratio, lupus erythematosus, rheuma-
toid arthritis, Sjögren’s syndrome, systemic scleroderma, idiopathic inflammatory myositis,
epidemiology

1 INTRODUCTION

Cancer incidence and mortality have raised critical atten-
tion in the long-termmanagement of patientswith autoim-
mune diseases (AIDs) [1]. The increased cancer risk is
attributed to AIDs, medications, age, sex, and other het-
erogeneous factors. Although there are previous studies
evaluating the cancer risks of patients with certain types of
AIDs, they either focused on certain types of cancer in AID
patients or followed the patients within a specific number
of years.
Previous studies have reported that the incidence

of hematological malignancies, especially non-Hodgkin’s
lymphoma (NHL), was increased in patients with Sjögren’s
syndrome (SS) and systemic lupus erythematosus (SLE)
[2, 3]. In patients with SS, lymphoid infiltration in the sali-
vary glands was shown to be a predictor of NHL develop-
ment [4]. Other AIDs, including idiopathic inflammatory
myositis (IIM) and systemic scleroderma (SSc), are known
to increase the risk of cancer [5–7]. Genetic alterations in
anti-transcription intermediary factor 1 (TIF1) genes are

involved in the pathogenesis of cancer-associated myositis
[8, 9]. However, whether the overall cancer risk increases
in patients with rheumatoid arthritis (RA) remains dis-
putable. In addition, treatments such as methotrexate and
tumor necrosis factor-α antagonists have been shown to
have an impact on cancer risks [10–13]. Therefore, the asso-
ciation between cancer and AIDs is clinically complicated
and the proper management of AID patients with can-
cers remains challenging for rheumatologists. To date, a
comprehensive comparison of the epidemiological data on
cancer risks, distributions, and chronological development
among patients withmajor AIDs with long-term follow-up
is warranted for a better understanding of this severe com-
plication in AIDs.
Herein, this large-scale retrospective study was con-

ducted in patients with five major AIDs in China with a
long-term follow-up, aiming to depict the cancer incidence
in patients with preexisting AIDs, to compare the charac-
teristics of cancer sites and cancer risks among different
AIDs, and to illustrate the features of the time sequence
from AID diagnosis to cancer occurrence.

mailto:zxpumch2003@sina.com
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2 MATERIALS ANDMETHODS

2.1 Cohort population and data
collection

Patients diagnosed with five major AIDs between January
2006 and April 2015 were included. The patients’ medical
records were retrieved from the In-patient Registration
and Recoding Electronic System (IRRES) database of
Peking Union Medical College (PUMC) Hospital, a ter-
tiary referral academic center in China that is dedicated
to providing high-quality evidence-based therapeutic
care for AID patients nationwide. All patients fulfilled the
respective classification criteria (SLE: American College of
Rheumatology (ACR) 1997 [14] or Systemic Lupus Erythe-
matosus International Collaborating Clinics 2012 criteria
[15]; RA: ACR 1987 [16] or ACR/European League Against
Rheumatism (EULAR) 2010 [17] criteria; SS: American-
European Consensus Group classification criteria 2002
[18] or ACR 2012 [19] criteria; IIM: Bohan and Peter
[20] criteria; SSc: ACR 1980 [21] or ACR/EULAR 2013
[22] criteria). Patients who developed cancer before the
AID diagnosis of were excluded. AID-CA patients were
defined as patients with incident cancer occurrence at the
time of or after AID diagnosis. The cancer diagnosis was
confirmed by biopsy or sampling of surgical specimens
according to the International Classification of Diseases
(ICD-10) criteria [23].
Patient data, including baseline demographics, personal

history, disease duration, and AID manifestations, were
obtained from the IRRES. The occurrence of cancer
was documented during subsequent visits or telephone
follow-ups and was double-checked by two researchers.
The follow-up period was defined as the interval between
discharge and the recorded date of cancer occurrence,
death due to noncancerous causes, or until October 1,
2020 (censoring date). For AID-CA patients, the disease
duration was determined as the time interval from AID
diagnosis to cancer diagnosis. Patients who were lost to
follow-up were defined as those who never returned to the
clinics after discharge and were unable to contact. This
study was approved by the ethics review board of PUMC
Hospital (S-K1599).

2.2 Statistical analysis

Continuous variables were expressed as either mean ±

standard deviation (SD) or median and interquartile
range (IQR), whereas categorical data were expressed
as frequencies (percentages). The expected cancer rate
was calculated by multiplying patient-years by cancer
incidence in the general Chinese population. The esti-
mated cancer incidence rates referred to the age-, gender-,

area-, and site-specific rates reported in 2006-2015 by the
National Central Cancer Registry of China (NCCR; dataset
in Supplementary Table S1) [24–26]. The standardized
incidence ratios (SIRs), which is the ratio of observed
to expected cancers cases, of each cancer type, were
calculated to compare the risk of cancer in patients with
AID with that in the general Chinese population. The
95% confidence intervals (CIs) were calculated based on
the Poisson distribution. The gender and site-specific
SIRs by AID were plotted in heatmaps and clustered
with distances determined using the Canberra method to
investigate similarities among AIDs. The analyses were
performed using the R software (version 3.6.3, R Foun-
dation for Statistical Computing), adopting the packages
popEpi, pheatmap, and ggplot2 [27–29].

3 RESULTS

3.1 Demographics, cancer occurrence,
and SIR in the AID

A total of 10,137 AID patients from 31 provinces across
mainland China were admitted to the PUMC Hospital
between January 2006 and April 2015. Among them, 8,120
(80.1%) patients with follow-up data were included. For a
medium follow-up time of 4.51 patient-years, cancer was
identified in 430 patients (5.3%) at the time of or after
the diagnosis of AID, including SLE (90/3,794; 2.4%), RA
(162/1,658; 9.8%), SS (84/1,329; 6.3%), IIM (67/964; 7.0%),
and SSc (27/375; 7.2%; Figure 1). The incidence of cancer
was 1,110.35/100,000 patient-years in the AID patients. The
median age at cancer diagnosis was 57.5 (IQR = 48.8-66.2)
years. The AID-CA patients were female predominance
(female : male= 4.58 : 1) with amedian disease duration of
79.8 (IQR = 14.2-145.4) months (Table 1). The demograph-
ics of the excluded patients and the comparisons between
the excluded and included patients are shown in Supple-
mentary Table S2.
In theAIDpatients, the estimated SIR for all cancerswas

3.37 (95% CI = 3.06-3.71), with the highest SIR observed
in hematologic malignancies (SIR = 10.58; 95% CI = 7.93-
13.84) followed by solid tumors (SIR = 3.09; 95% CI = 2.79-
3.42). Among the five major AIDs, IIM had the highest SIR
(4.31; 95% CI = 3.34-5.48), followed by RA (3.99; 95% CI =
3.40-4.65), SSc (3.77; 95% CI= 2.49-5.49), SS (2.88; 95% CI=
2.30-3.56), and SLE (2.58; 95% CI = 2.07-3.17).

3.2 Gender-, age-, geographic-, and
site-specific SIRs

Gender discrepancies in cancer risk were observed, with
the SIR of female patients (3.59; 95% CI = 3.23-3.99) being
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F IGURE 1 Flow chart of patient enrollment.
Abbreviations: AID, autoimmune disease; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SS, Sjögren’s syndrome;
IIM, idiopathic inflammatory myopathies; SSc, systemic sclerosis; CA, cancer

higher than that of male patients (2.77; 95% CI = 2.19-
3.46). For female patients, the most common site of solid
tumors was the vulva, followed by the urinary tract (blad-
der, ureter, and kidney), ovary, corpus uteri, and thyroid
gland, with SIR values of 31.07 (95% CI= 10.09-72.51), 10.12
(95% CI = 5.39-17.31), 8.31 (95% CI = 5.43-12.17), 6.76 (95%
CI = 4.28-10.14), and 6.60 (95% CI = 4.81-8.83), respec-
tively (Figure 2A). The SIRs for complicated hematologic
malignancies were also high, including non-Hodgkin’s
lymphoma (NHL; 20.82; 95% CI = 14.14-29.55), multiple
myeloma (MM; 6.49; 95% CI = 1.34-18.98), and leukemia
(3.27; 95% CI = 1.20-7.12). In male patients with AID, solid
tumors commonly occurred in the gallbladder, kidney, and
lung (SIR= 11.38, 95%CI= 3.10-29.14 for gallbladder; SIR=
8.88, 95% CI = 2.42-22.73 for kidney; and SIR = 4.02, 95%
CI = 2.67-5.81 for lung). Similar to female patients, NHL
showed an increased SIR inmale patients(SIR= 20.19, 95%
CI = 9.23-38.33).
Among the five AID subgroups, all female patients had

an increased cancer risk (2.90, 95% CI = 2.32-3.59 for SLE;
4.33, 95% CI = 3.59-5.18 for RA; 3.12, 95% CI = 2.47-3.88 for

SS; 4.42, 95%CI= 3.22-5.91 for IIM; and 4.30, 95%CI= 2.75-
6.39 for SSc).However, formale patients, increased SIRwas
only observed in those with IIM (4.84; 95% CI = 3.04-7.33)
and RA (3.15; 95% CI = 2.29-4.22; Figure 2B).
In addition, younger patients (age <50 years) with

AID had a higher cancer risk than older patients (age
≥50 years), with a gradually declining SIR observed from
age>40 years to age≥80 years (Figure 2C). Increased SIRs
were observed in patients living in both urban and rural
areas (Figure 2D).

3.3 Comparison of cancer distributions
and site-specific SIRs among the five major
AIDs

The detail information of all the analyzed patientswith five
major AIDs were summarized in Supplementary Table S3.
Patients with SLE had significantly increased SIRs for
developing hematologic malignancies (16.75, 95% CI =
7.66-31.80 for NHL; 5.14, 95% CI = 1.40-13.17 for leukemia)
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TABLE 1 Demographics, follow-up, and cancer occurrence of the cohort and AID-Cancer patients

Variables
All AIDs
(n = 8120)

SLE
(n = 3794)

RA
(n = 1658)

SS
(n = 1329)

IIM
(n = 964)

SSc
(n = 375)

Median age at cohort
entry (years, median
[IQR])

43.8 (29.8-57.9) 31.2 (21.1-41.4) 57.8 (48.9-66.8) 53.7 (43.6-63.7) 48.3 (38.2-58.4) 48.6 (38.8-58.4)

Gender ratio
(female/male)

4.82 (6726/1394) 6.66 (3299/495) 3.02 (1246/412) 9.55 (1203/126) 2.31 (673/291) 4.36 (305/70)

Follow-up time
(person-years)

38726.55 19601.91 6787.29 6390.49 4144.29 1802.58

Observed number of
cancer (cases [%])

430 (100) 90 (20.9) 162 (37.7) 84 (19.5) 67 (15.6) 27 (6.3)

Expected number of
cancer (cases [%])†

127.42 (100) 34.92 (27.4) 40.64 (31.9) 29.18 (22.9) 15.53 (12.2) 7.16 (5.6)

SIR (95%CI) 3.37 (3.06-3.71) 2.58 (2.07-3.17) 3.99 (3.40-4.65) 2.88 (2.30-3.56) 4.31 (3.34-5.48) 3.77 (2.49-5.49)
Incidence rate (per
100,000 person-years)

1110.35 459.14 2386.82 1314.45 1616.68 1497.85

Age at cancer diagnosis
(years, median [IQR])

57.5 (48.8-66.2) 49.1 (39.8-58.5) 61.5 (53.3-69.6) 61.6 (51.8-71.5) 59.7 (52.5-67.0) 49.2 (43.1-55.3)

Gender ratio of
AID-Cancer patients
(female/male)

4.58 (353/77) 21.50 (86/4) 2.77 (119/43) 15.80 (79/5) 2.05 (45/22) 8.00 (24/3)

Time interval between
AID and Cancer
diagnosis (months,
median [IQR])

79.8 (14.2-145.4) 115.2 (62.4-166.8) 121.2 (48.0-194.4) 54.0 (4.8-103.2) 7.2 (0-20.4) 42.0 (3.6-80.4)

†Expected cancer was calculated by multiplying person-years and the cancer incidence of general Chinese population. The estimated cancer incidence rates were
age, gender, and site-specific rates in 2006-2015, reported by the National Central Cancer Registry (NCCR) of China.
Abbreviations: AID, autoimmune diseases; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SS, Sjögren’s syndrome; IIM, idiopathic inflammatory
myopathies; SSc, systemic sclerosis. IQR: interquartile range; SIR, standardized incidence ratio; CI: confidence interval.

and solid tumors affecting the urinary bladder (19.96, 95%
CI = 8.02-41.12), corpus uteri (5.38, 95% CI = 1.97-11.71),
cervix uteri (4.80, 95% CI = 2.48-8.38), pancreas (5.20, 95%
CI = 1.07-15.20), thyroid gland (4.19, 95% CI = 2.29-7.03),
and colon (3.75, 95% CI = 1.22-8.74) (Figure 3A, Supple-
mentary Table S4). Similar to SLE, patients with SS had
high SIRs for developing NHL (24.88, 95% CI= 12.42-44.51)
and solid tumors, including thyroid (8.41, 95% CI = 4.34-
14.68), pancreas (6.86, 95% CI = 2.23-16.01), urinary tract
(6.29, 95%CI= 1.30-18.39), cervical (4.18, 95% CI= 1.53-9.1),
colon (4.06, 95% CI = 1.49-8.83), and lung (2.44, 95% CI =
1.26-4.26) cancers (Figure 3A, Supplementary Table S5).
In patients with RA, a wide distribution of cancers was
detected, with high SIRs for NHL (26.19, 95% CI = 14.97-
42.53) and ovarian (13.66, 95% CI= 6.55-25.12), corpus uteri
(12.40, 95% CI = 5.95-22.81), cervical (9.50, 95% CI = 4.91-
16.59), thyroid (12.58, 95% CI = 7.19-20.43), kidney (9.60,
95% CI = 3.12-22.39), urinary tract (bladder, ureter, and
renal pelvis; 4.29, 95% CI = 1.17-10.97), rectal (3.97, 95%
CI = 1.71-7.82), breast (3.85, 95% CI = 2.15-6.35), and lung
(3.70, 95% CI = 2.49-5.28) cancers (Figure 3A, Supplemen-
tary Table S6). The IIM group had a distinctive high risk
of ovarian cancer (31.60, 95% CI = 15.77-56.53), followed by

corpus uteri (9.89, 95%CI= 2.69-25.32), lung (5.94, 95%CI=
3.40-9.65), and breast (4.52, 95% CI = 2.07-8.59) cancers.
IIM also showed a high SIR for developingNHL (12.66, 95%
CI = 2.61-36.99) (Figure 3A, Supplementary Table S7). The
SSc group showed the most increased SIRs for develop-
ing cervical uterine cancers (8.42, 95% CI = 1.74-24.61), fol-
lowed by lung (6.69, 95% CI = 2.89-13.18), and breast (3.93,
95% CI = 1.07-10.07) cancers (Figure 3A, Supplementary
Table S8).
In both female andmale patients, site-specific SIRs were

further clustered by the fiveAID types and visualized using
heatmaps. Patients with SLE and SS shared similarities,
with an increased risk of developing hematological malig-
nancies (Figure 3B and C).

3.4 Comparisons of the time interval
between AID diagnosis and cancer
occurrence among the five major AIDs

The time interval between AID diagnosis and cancer
occurrence varied among the five AIDs. Approximately
30.2% (130/430) of the patients developed cancer in the
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F IGURE 2 Gender- and age-specific standardized incidence ratios (SIRs) in AID patients and subgroups. (A) SIRs for cancer in each
sites of female (red) and male (blue) patients. (B) SIRs for cancer in each type of AID in female (red) and male (blue) patients. (C) SIRs for
cancer in different age groups (every 10 years) of female (red) and male (blue) patients. (D) SIRs for cancer in each type of AID patients living
in urban (red) or rural areas (blue). *: SIRs significantly increased with 95% CI >1; † “Others” consists of cancers from eye, mouth, lip,
parathyroid, thoracic neoplasms, bone, immunoproliferative diseases and connective tissue.
Abbreviations: SIR, standardized incidence ratio; AID, autoimmune disease; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis;
SS, Sjögren’s syndrome; IIM, idiopathic inflammatory myopathies; SSc, systemic sclerosis

first 3 years after the diagnosis of AID, with a declining
curve of cancer in each triennium. Among the five AIDs,
the time interval between IIM diagnosis and cancer occur-
rence was the shortest (7.2, IQR = 0-20.4 months). In the
first triennium, 74.6% (50/67) of patients were diagnosed
with cancer, of whom 55.2% (37/67) developed cancer in
the first year. In the SSc and SS groups, the curve also
decreased, with a large proportion of patients diagnosed
with cancer during the first two trienniums (66.6% and
61.9%, respectively). The proportion of cancer patients in
the SLE group was equal in each triennium. However, for
patients with RA, the curve slightly elevated, showing that
29.0% (47/162) of the patients were diagnosed with cancer
after a follow-up period of 15 years (Figure 4).

4 DISCUSSION

A comprehensive depiction of the atlas of cancer distribu-
tion, incidence and time interval in AID patients will help
in the prevention, early detection and proper management
of cancer in AID paients. [26, 30] In this large-scale study
inChina, patientswith the fivemajorAIDs, including SLE,
SS, RA, IIM and SSc, showed an increased risk of develop-
ing cancer, with a predominance in women and younger

patients. The cancer incidence, predilection sites and can-
cer onset time varied greatly in each AID entity.
The risk of cancers increased in each AID group com-

pared with that in the general population, which is con-
sistent to the findings of previous studies conducted in
Asia [31, 32]. The incidence of certain types of cancers,
particularly hematologic malignancies (NHL and MM)
and solid tumors affecting female urogenital organs, was
particularly increased in Chinese AID patients compared
with that in the general population. The increased risks of
hematologic malignancies and cancer in the female gen-
ital organs have been reported in previous studies [12,
33–36]. Yet, the striking increase in the incidence of uri-
nary tract tumor was possibly because cyclophosphamide
was more vigorously applied in the treatment of Chinese
AID patients compared with those in other regions world-
wide [37].
It is intriguing to observe a female and age predilec-

tion for AID-complicated cancer in our study, which has
scarcely been reported in previous studies. In addition, the
female genital organs (vulva, ovary, and corpus uteri) were
the most common sites of cancer affecting female patients
with AID, followed by the urinary tract and the thyroid
gland. This finding is in contrast with those observed
in male patients; the latter had higher incidence of
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F IGURE 3 Site-specific standardized incidence ratios (SIRs) in AID patients and subgroups. (A) Cancer sites with significantly
increased SIRs in all and five types of AIDs. (B) Heatmaps of SIRs for each cancer site in female patients, clustered by AIDs. (C) Heatmaps of
SIRs for each cancer site in male patients, clustered by AIDs.
Abbreviations: SIR, standardized incidence ratio; AID, autoimmune disease; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis;
SS, Sjögren’s syndrome; IIM, idiopathic inflammatory myopathies; SSc, systemic sclerosis

developing cancer in the gallbladder, kidney, and lung.
This study also revealed that the cancer risk in younger
patients (age <50 years) was generally higher than that in
older patients (age ≥50 years). This may imply that AID is
a stronger predisposing factor for cancer development in
young patients; thus,more aggressivemonitoring of cancer
development in AID patients at a younger age is of utmost
importance. As older age is a competitive risk factor for

cancer, the impact of age on cancer risk in AID patients
might become insignificant. Therefore, aggressive moni-
toring of cancer in patients with AID during their lifetime
management is warranted.
This study confirmed that each AID had distinctive

features related to cancer, suggesting that the mecha-
nisms contributing to the increased cancer risk differ
in each AID. Chronic inflammation, tumor neoantigen
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F IGURE 4 Time interval between the AID diagnosis and cancer diagnosis. Percentages of time interval between diagnosis of AID and
cancer of AID-CA patients, with trend visualized by the smoothing line (blue line).
Abbreviations: AID, autoimmune disease; IIM, idiopathic inflammatory myopathies; RA, rheumatoid arthritis; SLE, systemic lupus
erythematosus; SS, Sjögren’s syndrome; SSc, systemic sclerosis, CA, cancer

stimulating cross-active immune response, genetic alter-
ations, and immunosuppressant use are potential factors
that can cause cancer in patientswithAIDs [6, 8, 13, 38–42].
IIM is associated with cancer. The overall cancer risk was
highest in patients with IIM among the AID cohort. Con-
sistent with previous findings, the risk of developing can-
cer was highest in the first year of IIM diagnosis [5, 34];
most cancers were diagnosed within 3 years after the onset
of IIM. Therefore, vigorous cancer screening and moni-
toring are warranted at the onset of IIM, particularly at
the urogenital system and lungs. Specifically, nasopharyn-
geal cancer was reported to be the most frequent malig-
nancy associated with IIM in Southeast Asia and South-
ern China but not in North China, which was consistent
with our findings [43, 44]. Anti-TIF1-γ antibody is a robust
indicator of cancer development in patients with myosi-
tis, especially those with immunoglobulin G2 isotype [45].
Epitope spreading may contribute to cancer development
in patients with IIM, with TIF1-γ overexpression detected
in cancer tissues [6, 8].

Cancer remains a major concern in the long-term man-
agement of SLE. Our cohort revealed that SLE patients
had a significantly increased risk of cancer, especially
NHL, female genital organ cancer, and urinary tract can-
cer, which is in accordance with the findings of some pre-
vious studies [33, 46-50]. Viral infections,medication expo-
sure, and aberrant immune responsesmay be implicated in
the development of cancer in patients with SLE. Notably,
the incidence of urinary bladder cancer in patients with
SLE was much higher in our cohort (SIR 19.96, 95% CI
8.02-41.12) than in the reports of other countries world-
wide (SIR 3.6, 95%CI 1.4-9.7) [51], possibly due to the exten-
sive and vigorous application of cyclophosphamide in Chi-
nese patients with SLE [12, 52]. SLE patients also have an
increased risk of human papillomavirus-associated tumors
(vulvar cancers and cervical dysplasia) and other poten-
tially virus-induced cancers, such as lymphoma, which
may be related to the impaired virus clearance in patients
with SLE [36, 51, 53]. The overexpression of B-cell activat-
ing factor and proliferation-inducing ligand (APRIL) may
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also play a role in the increased risk of hematologic malig-
nancies in patients with SLE because these cytokines affect
the B-cell maturation [50].
SS showed a similarly increased cancer risk and dis-

tribution as SLE and a distinctively higher risk for NHL
(SIR 24.88, 95% CI 12.42-44.51) in our cohort. Low-grade
B-cell lymphomas (predominantly marginal zone histo-
logic type) are prevalent in patients with SS-complicated
NHL [54]. Chronic inflammation and B-cell aberrance in
patients with SS may contribute to this risk. Other fac-
tors, including cryoglobulin-related markers, EULAR SS
disease activity index, and lymphoid infiltration in the
salivary gland, were predictive of lymphoma development
in patients with SS [4, 54]. Lymphadenopathy, enlarge-
ment of the parotid glands, monoclonal immunoglobu-
lin, and absence of hypergammaglobulinemia were previ-
ously reported as risk factors formalignancies in a Chinese
cohort of SS [55].
In our RA cohort, the overall cancer risk increased (3.99,

95% CI 3.40-4.65), whereas other studies have reported a
reduced cancer risk [10, 12]. Unlike in IIM, most cancers
develop 9 years after the diagnosis of RA, suggesting
that long-term monitoring of cancer is warranted in
patients with RA. The potential carcinogenetic effects of
disease-modifying anti-rheumatic drugs (DMARDs; e.g.,
methotrexate) and some biological agents (e.g., tumor
necrosis factor α antagonists) in RA are noteworthy
[13, 56].
In SSc, the risks of overall cancers and solid tumors

increased, including cervical, lung, and breast cancers,
which is consistent with the report of previous studies [7].
In addition, 40.7% of patients with SSc in our cohort devel-
oped cancer in the first three years, highlighting the need
to closely monitor the risk of developing cancers in the
early stage of SSc. Notably, the chronological order of AID
and cancer was difficult to identify and may have influ-
enced the calculation of SIRs. The SIRs of SSc patients
in our study were higher than those reported in previous
studies, which excluded cancer patients diagnosed within
the first year of SSc diagnosis [7]. Similar to IIM, epitope
spread may occur in patients with SSc who developed can-
cer. RNA polymerase III autoantibodies (POLR3A) indi-
cated higher overall risks, whereas anti-centromere anti-
bodies indicated reduced overall risk [57]. Mutations in
POLR3A were identified as potential triggers for the co-
occurrence of SSc and cancer [39].
Our study has several limitations. First, the patients in

our cohort were recruited from a national tertiary refer-
ral center. Although our patients were from 31 provinces
over mainland China, a geographic bias was inevitable.
A nationwide database from multiple medical centers in
China is expected to provide a more accurate estimate in
the future. Second, this was a retrospective study; patients

who were lost to follow-up were generally younger than
the patients included, whichmay introduce a potential sta-
tistical bias and lead to overestimation of SIRs. Besides,
the number of SSc patients was relatively small, and
some types of cancers were too scarce for statistical analy-
sis. Continuing follow-up is also required to validate the
results. Third, this study only reported the epidemiolog-
ical data of cancer patients with AIDs. Detailed analy-
ses regarding clinical features (e.g., disease duration and
activity), AID treatment, and comorbidities (e.g., diabetes,
smoking, and alcoholism) were not conducted.

5 CONCLUSIONS

In conclusion, we reported an increased risk of cancers
with a female predominance in Chinese patients with dif-
ferent types of AIDs, including SLE, SS, RA, IIM, and SSc.
The site-specific cancer risk varied according to sex, age,
and AID subtype. The trends of the time intervals from
AID diagnosis to cancer occurrence also differed among
the five AID groups. These findings provide a general
description of the epidemiological association between
AIDs and cancer in China. Considering the increased can-
cer risk in the long-term management of AID patients,
increasing awareness and development of individualized
cancer screening strategies for AID patients are warranted.
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