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Abstract

risk of thyroid cancer.

of the cancer.

Background: Potential risk of thyroid cancer in patients with inflammatory bowel disease has not been well
investigated. The aim of the study was to reveal the relationship between history of inflammatory bowel disease and

Methods: First, 1392 patients with inflammatory bowel disease and 1392 controls were included in a case-control
study. All patients did not receive immunosuppressive therapy. A multivariate logistic regression analysis was adopted
to determine the relationship between history of inflammatory bowel disease and risk of thyroid cancer. Second, a
literature search was performed and eight articles were collected. Pooled odds ratios with 95% confidence intervals
were reported for relevant risk estimates in fixed or random effect model.

Results: In the case-control study, thyroid cancer was more common in patients with inflammatory bowel disease
than in controls (P=0.032). After Bonferroni correction, association of thyroid cancer risk with history of total
inflammatory bowel disease or its two subtypes was not found. In the meta-analysis, patients with total inflammatory
bowel disease or ulcerative colitis showed an increased risk of thyroid cancer, but patients with Crohn’s disease did not.
Furthermore, inflammatory bowel disease patients with immunosuppressive therapy showed an increased risk of the
cancer, but patients without immunosuppressive therapy did not have this finding.

Conclusions: Risk of thyroid cancer probably elevates in patients with inflammatory bowel disease. Inflammatory
bowel disease (particularly ulcerative colitis) itself and use of immunosuppressant might contribute to the development

Keywords: Crohn'’s disease, Immunosuppressant, Inflammatory bowel diseases, Thyroid neoplasms, Ulcerative colitis

Background

Thyroid cancer (TC) is one kind of endocrine tumors,
which originates in the tissue of thyroid gland [1].
Papillary thyroid carcinoma (PTC) is the most com-
mon histological subtype and accounts for more than
80% of TC cases. It often occurs at the age of 35—
65 years old and usually affects women more than
men [2]. In recent years, incidence of TC has signifi-
cantly increased [3]. Presently, there are more than
three million TC patients around the world [3].
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Though prognosis of TC is not very poor, it still causes
tens of thousands of deaths each year. Family history,
radiation exposure, iodine intake abnormality, and
obesity are major risk factors [4—7]. Other potential
risk factors have not been well investigated.
Inflammatory bowel disease (IBD) including ulcerative
colitis (UC) and Crohn’s disease (CD) is a precancerous
disease of colorectal cancer [8]. Besides, an increased
risk of extra-intestinal cancer in IBD patients has been
revealed by previous studies [9]. According to these find-
ings, potential relationship between risk of TC and his-
tory of IBD has also been explored. Some studies
reported that risk of TC was elevated in patients with
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IBD [10, 11], but other studies failed to do so [12, 13].
Thus, a firmed conclusion has not been drawn.

Therefore, we conducted a case-control study and a
meta-analysis to evaluate the relationship between the
risk of TC and the history of IBD and to further explore
the mechanism involved.

Methods

Case-control study

Outpatients in Tianjin Binjiang Hospital between 1991
and 2000 enrolled in a health system database, which
contained the huge data of these patients from baseline
to 2015. All these outpatients signed the written in-
formed consents and agreed to participate in a series of
clinical studies including this study. A total of 1392 IBD
patients (1022 UC patients, 370 CD patients) were iden-
tified in this database according to ICD-9 codes (codes
of CD: 555, 550.0, 555.1 and 555.9; codes of UC: 556,
556.0, 556.1, 556.2, 556.3, 556.5, 556.6, 556.8, and 556.9)
and served as the IBD group. All these patients did not
have any kind of cancer on admission. And, 1392 age-
and gender-matched patients with diverticulitis (codes of
diverticulitis 62.11 and 562.13) were randomly collected
from the database and served as control group.

Research data such as demographic information, per-
sonal history, medical history, treatment history, and
other useful information from baseline to 2015 were
collected from the database. Major endpoint was the de-
velopment of PTC, and all the patients with PTC should
be confirmed pathologically. Total follow-up period of
these IBD patients were 27,448 person-years.

Most of the IBD patients received 5-ASA treatment
and other supportive treatment. They did not receive
any kind of biologics or immunosuppressant. They did
not receive any surgical therapy.

History of smoking was defined as smoking (=7 ciga-
rettes per week) for more than 6 months in one’s life.
History of drinking was defined as drinking alcohol (=3
times per week) for more than 6 months in one’s life.
History of iodized salt intaking was defined as having
iodized salt for more than 6 months in one’s life. History
of radiation exposure was defined as having radiation ex-
posure (> 1 time per month) for more than 6 months in
one’s life.

Difference of continuous variables was determined
using independent sample ¢ test, and difference of cat-
egorical variables was determined using chi-square
test. If a P value was less than 0.05, it was considered
to be statistically significant. Relationship between the
history of IBD and the risk of PTC was determined
using multivariate logistic regression analysis. Odds
ratios (ORs), 95% confidence intervals (Cls), and P
values were reported. Bonferroni correction was
adopted for multiple analyses, and Bonferroni corrected P
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value was 0.004 (0.05/12 variables). If a P value was less
than 0.004, it was statistically significant. These ana-
lyses were conducted using SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA).

The study was separately approved by the ethics com-
mittee of Tianjin Medical University General Hospital
(TMUGH-2016-0657) and Tianjin People’s Hospital
(Tianjin Binjiang Hospital) (TJTRMYY-2016-087).

Meta-analysis

A structured literature search in MEDLINE/PubMed,
EMBASE, Web of Science, and Cochrane Database of
Systematic Reviews was conducted between January
1998 and December 2017. Search parameters were
“Thyroid Cancer” [Title/Abstract], “Thyroid Neo-
plasms” [MeSH Terms], “Inflammatory Bowel Disease”
[Title/Abstract], “Inflammatory Bowel Diseases”
[MeSH Terms], “Ulcerative Colitis” [Title/Abstract],
“Colitis, Ulcerative” [MeSH Terms], “Crohn’s Disease”
[Title/Abstract], “Crohn Disease” [MeSH Terms] and
their combinations.

Inclusion criteria were listed as follows: (1) There
were IBD group and control group in each study. (2)
Number of TC patients in each group was reported.
Only English articles were included. Subsequently,
references in the included articles were searched. If
any reference met the inclusion criteria, it was also
adopted.

Two trained reviewers independently performed the
data selection according to a predefined survey form,
which had several contents: first author, year of publi-
cation, country, study design, age at diagnosis, gender,
period of follow-up, use of immunosuppressant, size
of study, and so on. All data were double entered.

Our meta-analysis was conducted according to the
recommendations from the Cochrane Collaboration
and the Quality of Reporting of Meta-analyses guide-
lines [14, 15]. The fourfold table data (events/total in
group one, events/total in group two) of each included
study were input to a data matrix in Review Manager
Version 5.2 (The Cochrane Collaboration, Software
Update, Oxford). If P values for heterogeneity >0.05,
the results were performed by fixed effects method. If
not, the random effects model was adopted. Then, OR
and 95%CI were reported. It was statistically signifi-
cant, if the 95% CI did not include the value one.

The study adopted three strategies to ensure the
research quality. (1) Funnel plot obtained by Review
Manager Software was used to evaluate the publica-
tion bias [16, 17]. (2) Sensitivity analysis was per-
formed. In this process, each included study was
sequentially removed from the meta-analysis to meas-
ure its contribution to the overall effect size. (3) All
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studies in the meta-analysis were scored by the
Newcastle-Ottawa Scale to assess their overall quality [18].

Results
Case-control study
In Table 1, there were 1392 patients with IBD and 1392
controls with diverticulitis in the case-control study.
Compared with the controls, body mass index was
higher in the IBD patients (P <0.001). More IBD pa-
tients had history of smoking, radiation exposure, or be-
nign thyroid nodule (P<0.001, P<0.001, P<0.001).
More IBD patients had family history of TC (P < 0.001).
Furthermore, the development of PTC was more com-
mon in the IBD patients than in the controls (P = 0.032).
In Table 2, after adjusted for several confounding fac-
tors (i.e., age, gender, body mass index, smoking, drink-
ing alcohol, iodized salt intaking, radiation exposure,
benign thyroid nodule and family history of thyroid can-
cer), a multivariate logistic regression analysis reported
that the history of smoking, radiation exposure, benign
thyroid nodule, inflammatory bowel disease, or ulcera-
tive colitis was associated with the increased risk of PTC
(OR 3.81, 95%CI 1.27~11.37, P =0.016; OR 5.37, 95%CI
1.78~16.13, P =0.003; OR 9.22, 95%CI 1.21~70.54, P =
0.031; OR 3.70, 95%CI 1.04~13.26, P = 0.044; OR 4.12,
95%CI 1.12~15.24, P=0.033). Family history of TC
was also related to the elevated risk of the cancer (OR
13.02, 95%CI 4.47~37.97, P <0.001). After Bonferroni
correction, only history of radiation exposure and

Table 1 Characteristics of inflammatory bowel disease patients
and controls in the case-control study

IBD Control P value
Total (n)° 1392 1392 -
Male (n) 634 658 0.362
Age (years)® 370+£58 367+58 0454
BMI (kg/m?)? 232+43  224+43 <0001
History of smoking (n) 604 296 <0.001
History of drinking (n) 410 395 0.531
History of iodized salt intaking (n) 754 708 0.081
History of radiation exposure (n) 251 14 <0.001
History of benign thyroid nodule (n) 1064 570 <0.001
Family history of TC (n)? 135 22 <0.001
Age at diagnosis of IBD (years)® 269+63 - -
Duration of IBD on admission (years) ~ 10.1£28 - -
Extraintestinal manifestations (n) 708 - -
5-ASA treatment (n)? 1334 - -
PTC development (n)® 11 3 0.032

2BMI Body mass index, IBD inflammatory bowel disease, 5-ASA 5-aminosalicylic
acid, PTC papillary thyroid carcinoma, TC thyroid cancer

PCategorical and continuous variables were separately showed by frequency
and mean + standard deviation
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family history of TC reached the Bonferroni-corrected
level of statistical significance.

Meta-analysis

As shown in Fig. 1, during the literature search using
the parameters described above, 411 potential articles
were found. Their abstracts were carefully reviewed, and
339 articles were directly excluded from the meta-ana-
lysis. Major reasons were that they were clinical studies
with other topic (205), reviews (53), case reports (34), ar-
ticles in other languages (27), or basic studies (20). Full
texts of the remaining 72 articles were collected and
reviewed. Among them, six articles focusing on this
topic without required data, seven duplicate articles, and
52 articles focusing on other topics were excluded from
the meta-analysis. Then, seven articles were included
[11, 13, 19-23]. Their references were researched, and
no suitable article was found. Meanwhile, our
case-control study was also adopted. Thus, a total of
eight studies were included in the meta-analysis.

Major characteristics of the included studies are pre-
sented in Table 3. There were 334,015 patients with IBD
in the meta-analysis. The study with the largest sample
size had 289,935 IBD patients, and the study with the
smallest sample size had 374 patients. During the
follow-up of more than 339,558 person-years, 244 pa-
tients had suffered from TC. Though time range of the
literature search was 1998-2017, most of the included
articles were published in the last 5 years. Improved de-
tection for TC in the recent years was believed to be one
of the possible reasons to explain this phenomenon. Five
studies had normal controls, and the other three studies
had patient controls with diverticulitis.

In Fig. 2, eight studies focused on the relationship
between the history of IBD and the risk of TC in the pa-
tients. The fixed-effect pooled OR was 1.75 (95%CI
1.48~2.07, P for heterogeneity = 0.31). After excluding
our study, the fixed-effect pooled OR was 1.72 (95%CI
1.45~2.04, P for heterogeneity = 0.33).

Five studies explored the possible association between
the history of UC and the risk of TC, and the
fixed-effect pooled OR was 1.62 (95%CI 1.26~2.09, P for
heterogeneity = 0.25) (Fig. 2). After excluding our study,
the fixed-effect pooled OR was 1.54 (95%CI 1.19~2.00, P
for heterogeneity = 0.32).

Six studies showed the relationship between the
history of CD and the risk of TC. The fixed-effect
pooled OR was 1.41 (95%CI 0.91~2.18, P for hetero-
geneity = 0.65) (Fig. 2). After excluding our study, the
fixed-effect pooled OR was 1.36 (95%CI 0.86~2.14, P
for heterogeneity = 0.57).

In the subgroup analysis, the data were separately
stratified by several factors, such as gender, race, case
type, control type, use of immunosuppressant, and
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Table 2 Association of several variables with risk of papillary thyroid carcinoma in the case-control study
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Group Subgroup PTC? Total Univariate Univariate Multivariate Multivariate
OR (95%CI)>° P value © OR (95%C1)° P value

Gender Female 9 1492 Reference Reference

Male 5 1292 0.64 (0.20~1.92) 0425 0.65 (0.21~1.93) 0424
Age (years) <369 years 6 1428 Reference Reference

2369 years 8 1356 141 (049~4.06) 0529 142 (049~4.07) 0528
BMI (kg/m?)? <228 kg/m? 5 1408 Reference Reference

2228 l<g/m2 9 1376 1.85 (0.61~5.54) 0272 1.86 (0.62~5.54) 0.271
History of smoking Absent 5 1884 Reference Reference

Present 9 900 3.80 (1.27~11.36) 0017 3.81 (1.27~11.37) 0016
History of drinking Absent 7 1979 Reference Reference

Present 7 805 247 (0.86~7.07) 0.092 248 (0.87~7.08) 0.092
History of I1SI° Absent 4 1322 Reference Reference

Present 10 1462 2.26 (0.72~7.24) 0.167 2.27 (0.72~7.25) 0.166
History of RE® Absent 9 2519 Reference Reference

Present 5 265 536 (1.78~16.12) 0.003 537 (1.78~16.13) 0.003
History of BTN® Absent 1 1150 Reference Reference

Present 13 1634 9.21 (1.20~70.53) 0.032 922 (1.21~70.54) 0.031
Family history of TC® Absent 8 2627 Reference Reference

Present 6 157 13.01 (447~37.96) < 0.001 13.02 (447~37.97) <0.001
History of IBD® Control 3 1392 Reference Reference

IBD 1 1392 3.69 (1.04~13.25) 0.045 3.70 (1.04~13.26) 0.044
History of CD? Control 3 1392 Reference Reference

(@) 2 370 252 (043~15.12) 0313 253 (043~15.13) 0313
History of UC? Control 3 1392 Reference Reference

uc 9 1022 411 (1.12~15.23) 0.034 412 (1.12~15.24) 0.033

2BMI body mass index, ISI iodized salt intaking, RE radiation exposure, BTN benign thyroid nodule, IBD inflammatory bowel disease, UC ulcerative colitis, CD
Crohn’s disease, TC thyroid cancer, PTC papillary thyroid carcinoma, OR odds ratio, C/ confidence interval

PUnivariate analysis was not adjusted by potential confounding factor. Multivariate analysis was adjusted by age, gender, body mass index, smoking, drinking
alcohol, iodized salt intaking, radiation exposure, benign thyroid nodule, and family history of thyroid cancer

“Bonferroni correction was adopted for multiple analyses, and Bonferroni corrected P value was 0.004 (0.05/12 variables). If a P value was less than 0.004, it was

statistically significant

number of IBD patients. The results were showed in
Table 4. The meta-analysis with hospital-based or small
sample size (less than 10,000 cases) studies did not re-
port any statistically significant results, revealing that
study design had great influence on the result.

Jung et al. and So et al. reported that 35.3% and 40.0% of
the IBD patients separately in their studies received the im-
munosuppressant, and these two studies were defined as
“ever use” studies [13, 19]. Sonu et al. in their study and
our case-control study reported that the IBD patients did
not adopt any kind of immunosuppressant before the de-
velopment of TC, and these studies were defined as “never
use” study [22]. Then, a subgroup analysis was done
(Table 4). The IBD patients who ever received the immuno-
suppressant showed the increased the risk of TC, but the
patients who never received these drugs did not show any
change of the TC risk compared with the controls.

Discussion

At present, only a few clinical and epidemiological
studies focused on the risk of TC in IBD patients
around the world. Most of the studies were based on
their national health or medical insurance databases
and had a huge sample size [11, 13, 19, 20, 23]. Be-
cause many potential confounding factors were not
taken into account, these studies actually conducted
an unadjusted analysis. In addition, there were two
hospital-based studies. One was from Yano et al. and
examined all kinds of cancers in CD patients [21]. An-
other one came from Sonu et al, and their results
were only adjusted by age and gender [22]. Both the
studies did not have a well-adjusted design. Therefore,
we carried out this case-control study, which had
taken into account many confounding factors, such as
family history, radiation exposure, iodine intake
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411 papers were selected in Medline/Pubmed, Embase, Web
of Science and Cochrane Database of Systematic Reviews.

205 papers were clinical studies with other topic.
53 papers were reviews.

434 papers were case reports.

27 papers were articles in other languages.

20 papers were basic studies.

72 papers were screening for the full test.

6 papers were studies without required data.
+————————— |7 papers were duplicate articles.
52 papers were studies with other topics.

|7 papers were searching the listed references. |

— |No suitable papers were found. |

|7 papers were included. I

 — |Our case-control study was included. |

|8 papers were included. |

Fig. 1 Paper checklist and flowchart in the literature search

abnormality, and obesity. We believed that our study might
supplement the shortcomings of the previous studies.

Incidence of TC in the case-control study seemed
to be higher than many previous studies [19, 20].
Possible reasons were listed as follows: First, TC was
a relatively quiet tumor, and could be asymptomatic
for a long time. Second, due to the improvement of
health consciousness, many local people began to re-
ceive regular physical examination. Third, great pro-
gress had been made in diagnostic technology for TC.
So, many cases of TC were found in recent years.
The incidence of the cancer might be underestimated
in the previous studies [19, 20].

Table 3 Characteristics of included studies in the meta-analysis

Based on the adjusted analysis, the case-control study
reported that the patients with IBD or its subtype UC had
a more than 2-time or 3-time increased risk of PTC com-
pared with the controls. However, these results did not
reach the Bonferroni-corrected statistical significance.

In the meta-analysis, there were eight case-control
studies with a total of 334,015 IBD patients. All the
eligible studies had been included. Based on the pooled
results, the patients with IBD showed a 45-100% in-
creased risk of TC and the patients with its subtype UC
showed a 20-100% increased risk of TC compared with
the controls. The pooled results demonstrated the sig-
nificant increase of the cancer risk in patients with IBD

First Year Country No. of IBD IBD male IBD age at diagnosis IBD type No. of controls Control Quality

author (n)? (n) (years) (n) type score

This study 2018 China 1392 634 Mean 269 Single 1392 Patient 7
center

Jung 2017 Korea 15,291 9743 Mean 38.6 Population 1,529,100 Normal 7

So 2017 China 1603 893 Median CD 40/UC 53 @ Population 160,300 Normal 7

Wadhwa 2016 USA 289,935 125,635 Mean 50.1 Population 315,145 Patient 7

Jussila 2013 Finland 21,964 11,810 NM Population 2,196,400 Normal 7

Yano 2013 Japan 770 531 Mean 23.1 Single 77,000 Normal 6
center

Sonu 2013 USA 2686 913 Mean 47.5 Single 1638 Patient 6
center

Jess 2004 Denmark 374 157 NM Population 37,400 Normal 7

4IBD inflammatory bowel disease, NM not mentioned, CD Crohn'’s disease, UC ulcerative colitis
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Total Weight M-H. Fixed. 95% ClI

1BD Control

Study or Subgrou Events Total Events

Jess 2004 1 374 18 37400 02%
Jung 2017 38 15281 2548 1529100 27.5%
Jussila 2013 34 21964 1859 2196400 20.1%
S02017 1 1603 188 160300 2.0%
Sonu 2013 13 2686 9 1638 6.1%
This study 2018 11 1392 3 1392 1.6%
Wadhwa 2016 145 289935 80 315145 419%
Yano 2013 1 770 55 77000 06%

Odds Ratio Odds Ratio
5.57[0.74, 41.81)
1.49 [1.08, 2.06) -
1.83(1.30, 2.57) -
0.53 [0.07, 3.80) —_—
0.88 [0.38, 2.06]
3.69[1.03,13.25)
1.97 [1.50, 2.59) -
1.82[0.25,13.16) —

M.H, Fixed, 95% CI

Fig. 2 Relationship between history of inflammatory bowel disease and risk of thyroid cancer in fixed effects model

Total (95% CI) 334015 4318375 100.0%  1.75[1.48, 2.07] ¢+
Total events 244 4760
Heterogeneity: Chi*= 8.22, df=7 (P = 0.31); F= 15% b ¥ p J
e 0.01 01 10 100
Testfor overall effect: Z= 6.47 (P « 0.00001) Control 1BD
uc Control Odds Ratio Odds Ratio
Study or Subgrou; Events Total Events Total Weight M.H, Fixed, 95% CI M_.H, Fixed, 95% CI
Jung 2017 29 9785 1905 978500 47.3% 1.52[1.06, 2.20]
Jussila 2013 28 16649 145 166490 331% 1.93(1.29,2.90) it
S0 2017 1 1603 188 160300 4.7% 0.53(0.07,3.80) —t——r—
Sonu 2013 9 1774 9 1638 11.7% 0.921(0.37,2.33) .
This study 2018 9 1022 3 1392 3.2% 411[1.11,15.23)
Total (95% CI) 30833 1308320 100.0% 1.62 [1.26, 2.09] *
Total events 76 2250
Heterogeneity: Chi*= 5.43, df= 4 (P = 0.25); "= 26% b t p J
S i 001 01 10 100
Test for overall effect. Z= 3.77 (P = 0.0002) Control UC
co Control Odds Ratio Odds Ratio
Study or Sul Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Jess 2004 1 374 18 37400 1.2% 5.57[0.74,41.81)
Jung 2017 9 5506 643 550600 43.2% 1.40(0.72,2.71]
Jussila 2013 6 5315 414 531500 27.8% 1.45 [0.65, 3.25] -T=—
Sonu 2013 4 912 9 1638 21.8% 0.80([0.24, 2.60) ——
This study 2018 2 370 3 1392 4.3% 252(042,1511) I
Yano 2013 1 770 0 770 1.7% 3.00[0.12,73.85) /]
Total (95% CI) 13247 1123300 100.0% 1.41[0.91,2.18] »
Total events 23 1087
Heterogeneity: Chi*= 3.30, df = 5 (P = 0.65); F= 0% p t t i
=S s 001 01 10 100
Test for overall effect: Z=1.53 (P=0.13) Control CD

Table 4 Results of meta-analysis in the subgroup

Subgroup No. of studies (n) No. of IBD (n)® OR (95%Cl)® P value for heterogeneity
Gender

Male 2 21,553 2.05 (1.38~3.05) 0.26

Female 2 15,702 148 (1.11~1.97) 0.79
Race

Asian 4 19,056 1.55 (1.15~2.08) 039

Caucasian 2 22,338 1.87 (1.34~261) 0.29
Case type

Population 5 329,167 1.77 (149~2.11) 0.36

Hospital 3 4848 1.50 (0.78~2.88) 0.18
Control type

Normal 5 40,002 161 (1.28~2.02) 048

Patient 3 292,621 1.89 (1.47~244) 0.12
Immunosuppressant

Ever use 2 16,894 143 (1.04~1.96) 0.31

Never use 2 4078 147 (0.74~292) 0.07
No. of IBD patients

210,000 3 327,190 1.79 (1.50~2.14) 042

< 10,000 5 5433 1.39 (0.78~2.48) 0.19

?IBD inflammatory bowel disease, OR odds ratio, CI confidence interval
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or its subtype UC. In the subgroup analysis, the relation-
ship between the history of IBD and the risk of TC al-
ways existed in men, women, Asians, and Caucasians,
suggesting that the increased risk of TC in IBD might
not be a single race or gender problem.

To our knowledge, it was the first meta-analysis ex-
ploring the relationship between the history of IBD and
the risk of TC. Pedersen et al. obtained an estimate of
the risk of extra-intestinal cancer in CD and UC by per-
forming a meta-analysis of population-based cohort
studies and reported that the risk of upper gastrointes-
tinal tract cancer, lung cancer, urinary bladder cancer, or
skin cancer was significantly increased among patients
with CD, and the risk of liver-biliary cancer or leukemia
was significantly increased in patients with UC [9]. How-
ever, only two cohort studies with not enough subjects
focused on TC, and their pooled results did not demon-
strate a relationship between the history of IBD and the
risk of TC [9]. Another meta-analysis from Huai et al.
explored the impact of IBD on cholangiocarcinoma, and
suggested the risk of cholangiocarcinoma was signifi-
cantly increased among IBD patients, especially in intra-
hepatic cholangiocarcinoma cases [24]. Though there
were no positive or available results on TC, both
meta-analyses demonstrated the relationship between
the history of IBD and the risk of extra-intestinal cancer.

In addition, the results of the case-control study were
basically the same as those of the meta-analysis, though
the Bonferroni-corrected results in the case-control
study were not statistically significant. A possible explan-
ation for the negative results after Bonferroni-correction
was the lack of sample size. This explanation had been
confirmed in the subgroup meta-analysis. The
population-based studies in the subgroup meta-ana-
lysis reported a 50-110% increased risk of TC in the
IBD patients. But, the studies with small sample size
failed to do so.

At present, immunosuppressant became one common
therapeutic drug for IBD. Some previous studies re-
ported that the use of immunosuppressant increased the
risk of cancer [25, 26]. In particular, immunosuppressant
caused lymphoproliferative disorder, which was related
to the development of TC [26]. In the case-control
study, the patients did not receive the immunosuppres-
sant and provided a negative result. In the meta-analysis,
the patients who ever use immunosuppressant showed
an increased risk of TC, but the patients who never used
the drug did not. So, the strategy of immunosuppressive
therapy might be a possible carcinogenic factor for TC.

Radiation exposure was another important con-
founding factor. A previous study reported that the
IBD patients frequently received X-ray or computed
tomography examination, which was a potential haz-
ard to the human body [27]. In the case-control study,

Page 7 of 9

the history of radiation exposure was related to the in-
creased risk of the cancer. Therefore, excessive
exposure to radiation in IBD patients probably con-
tributed to the development of TC.

Potential role of IBD in the development of TC
could not be completely negated. The meta-analysis
found that the risk of TC was higher in the UC pa-
tients than in the CD patients. The case-control study
supported it, though the results did not reach
Bonferroni-corrected statistical significance. This find-
ing apparently could not be explained by the use of
immunosuppressant and excessive exposure to radi-
ation, but could be partly explained by chronic inflam-
mation in IBD. It was well known that the
pathogenesis of UC and CD was not exactly the same.
CD was clearly identified as a Thl inflammation [28],
and Th2 mainly improved the development of UC
[29]. Interleukin-13 (IL-13) was the key Th2 cytokine,
and affected epithelial tight junctions, apoptosis and
cell restitution in UC [30]. IL-5 was another Th2 cyto-
kine, which could attract eosinophils to intestinal
tissue and caused tissue damage and intestinal inflam-
mation in UC [31]. Furthermore, Th2 cytokines (IL-4,
IL-5 and IL-13), but not Thl cytokines, were impli-
cated in the pathogenesis of TC. Simonovic et al. sug-
gested that peripheral blood cells of differentiated TC
patients produced significantly higher concentrations
of Th2 cytokines (IL-5 and IL-13) than control sub-
jects, and radioactive 131-I therapy led to reduced se-
cretion of these Th2 cytokines [32]. Joshi et al.
demonstrated that IL-4 receptor-a (IL-4Ra) was over-
expressed in anaplastic TC and might represent a
novel therapeutic target in this cancer [33]. Taken to-
gether, there was no enough evidence that IBD was an
independent risk factor for TC, but IBD might provide
an appropriate inflammatory environment and pro-
mote the development of the cancer.

Quality evaluation of the meta-analysis was conducted
and mainly involved three aspects: participant selection,
group comparability, and outcome assessment. All in-
cluded studies received satisfactory scores (Table 3).
Major results were based on the fixed effects model (P
values for heterogeneity were > 0.05). So, included stud-
ies showed good homogeneity. Publication bias was an
important problem and could not be ignored. As shown
in Fig. 3, the studies created roughly funnel-shaped dis-
tributions and formed symmetric graphs. So, significant
publication bias had not been detected.

“Reverse causality” might be a potential limitation in
case-control study. But, the studies in our meta-analysis
were nested case-control studies with follow-ups of
6000-236,000 person-years. “Recall bias” was another
potential problem in retrospective study. But, all in-
cluded studies obtained their research data from medical
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Fig. 3 Funnel plots of studies evaluating publication bias in the meta-analysis
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records or health data system. The cases of IBD and TC
were collected according to ICD-10 system. So, we did
not think these issues affected our results.

TC was classified into medullary cancer, follicular can-
cer, undifferentiated cancer, and PTC. The case-control
study focused on the PTC patients. But, most of the in-
cluded studies in the meta-analysis explored the associ-
ation of IBD with total TC. This limitation might cause
bias, though PTC was the most common tissue subtype
and accounted for more than 80% of total TC cases.
More research should be conducted in different tissue
types of TC.

Conclusions

In conclusion, there were some defects in the current stud-
ies, but their achievements could be the basis for future re-
search. Based on the results of our case-control study and
meta-analysis, we suggested that the risk of TC probably el-
evated in patients with IBD, and this increase was more sig-
nificant in its subtype UC. Inflammatory response of IBD
itself, use of immunosuppressant and other undefined
factors contributed to the development of TC. Well-ad-
justed and population-based studies should be con-
ducted to verify our conclusion.
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