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It is well known that host immunity plays an important role in the defense against
colorectal cancer (CRC) progression. The effects of autoimmune diseases, such as
rheumatic disease (RD) in which the immune system is deregulated, on this immunity
have not been fully investigated. The medical records of 1299 consecutive patients
diagnosed with primary colorectal cancer who underwent surgical resection were
retrospectively reviewed. The clinicopathologic factors of 28 subjects with RD (RD
group) were compared with those of 1271 patients without RD (non-RD group).
Compared to the non-RD group, the RD group was typified by a predominance of
females (P < 0.01), older age (P < 0.01), and a lower incidence of rectal cancer (P = 0.02).
Although no difference was observed between the groups in terms of TNM classification,
disease-free and overall survival were significantly poorer in the RD group in both
univariate and multivariate analyses. Subjects who had RD for more than 10 years
tended to have a higher frequency of lymph node metastasis (P =0.06) and a significantly
higher incidence of synchronous distant metastasis (P = 0.035) at the time of cancer
diagnosis. RD was associated with a significantly poorer prognosis of colorectal cancer,
suggesting that deregulation of the immune system by autoimmune diseases may
adversely affect the host immune defense against colorectal cancer progression.
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important role in defenses against the develop- vival.' In carcinogen-induced mouse models of
ment and progression of cancer. The degree of cancer, primary tumor susceptibility has been found

lymphocyte infiltration into tumors has been report- to be enhanced in immunocompromised mice;
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conversely, the capacity for such tumors to grow
after transplantation into wild-type mice is re-
duced.>® Although cancer cells originate from
autologous normal tissue, the immune system can
recognize even minimal cellular alterations, distin-
guish cancerous from normal cells, and elicit an
immune response.

In autoimmune diseases represented by rheumat-
ic disease (RD), the immune system loses the ability
to distinguish nonself from self, eliciting an immune
response against self-antigens; in this process, there
is a possibility that immune defenses against non-
normal cells are lost or impaired, facilitating the
development and progression of cancer. In addition,
the development of RD associated with cancer has
been reported, and as its development is dependent
on the production of substances such as hormones,
peptides, autocrine and paracrine mediators, and
antibodies or the stimulation of cytotoxic lympho-
cytes, the condition is known as paraneoplastic
rheumatic syndrome. In such cases, RD tends to be
less responsive to therapy than its nonparaneo-
plastic equivalents, and instead, treatment of the
underlying cancer usually results in regression of
RD.*® Thus, it is postulated that RD and cancer are
closely associated. However, only a few reports on
the incidence and risk of cancer among patients with
RD exist,®” and the characteristics and prognosis of
colorectal cancer (CRC) in these patients remain to
be elucidated.

In the present study, we investigated the devel-
opment of CRC in the background of an immuno-
logic disorder caused by RD, with the hypothesis
that patients with CRC and autoimmune diseases
such as RD will have a poorer prognosis than those
without RD, as a result of depressed antitumor
immunity caused by immune system incompetence.
Thus, we aimed to clarify the features and prognosis
of CRC-associated RD, and for this purpose, we
compared the clinicopathologic features of patients
with CRC with or without underlying RD.

Methods

The medical records of 1299 consecutive patients
with primary CRC diagnosed between April 2004
and December 2012 who underwent surgical resec-
tion at the Department of Surgical Oncology, The
University of Tokyo Hospital, were reviewed retro-
spectively. Patients with familial adenomatous
polyposis, hereditary nonpolyposis colorectal can-
cer, and inflammatory bowel diseases, such as
ulcerative colitis or Crohn’s disease, were excluded
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from the study. RD was defined as rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE),
Sjogren syndrome, polymyalgia rheumatic, systemic
scleroderma, or dermatomyositis, and 28 of 1299
patients with CRC displayed RD. After surgical
resection of the tumor, all specimens were analyzed
histopathologically, and the pathologic TNM classi-
fication and stage were determined according to the
classification established by the American Joint
Committee on Cancer.

Univariate analyses of clinicopathologic variables
were conducted as follows. Continuous variables,
such as age and tumor size, were analyzed using an
unpaired t test, and variables categorized into 2 or
more groups, such as gender and the presence/
absence of metastasis, were analyzed using the chi-
square test. Concerning variables related to RD, we
defined 4 variables: type of RD, presence of steroid
therapy, C-reactive protein (CRP) elevation, and
time since the onset of RD. Multivariate analysis
also was performed using logistic regression anal-
ysis. The Kaplan-Meier estimator, log-rank test, and
Cox proportional hazard model were used for
survival analysis. All analyses were performed
using JMP 9.0 software (SAS Institute Inc, Cary,
North Carolina), and differences at P < 0.05 were
considered statistically significant.

Results

A comparison of the patients’ characteristics be-
tween the RD and non-RD groups is presented in
Table 1. Among the 1299 patients with CRC, 28 had
an associated RD, giving an association rate of 2.2%.
All 28 patients received oral nonsteroidal anti-
inflammatory drugs. No patient received molecu-
lar-targeted drugs, such as antitumor necrosis
factor-o. drugs. The most frequent type of RD was
RA, which comprised approximately half of the
cases of RD, followed by SLE. Regarding patient
gender, almost 75% of the enrolled subjects were
females, suggestive of a high female/male ratio for
RD. Additionally, patients with RD-associated CRC
were significantly older than patients with CRC
without RD. The pathologic evaluation of patients
with CRC revealed that the majority of RD-
associated CRCs were located in the colon, with a
markedly lower incidence of rectal cancer compared
to the findings in patients without RD. These 3
variables, namely gender, age, and cancer location,
were found to be independent RD-associated CRC-
related factors in multivariate analysis (Table 2). No
difference was observed for the other clinicopatho-
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Table 1 Comparison of the clinicopathologic features between RD and non-RD CRC

RD Non-RD P value
Total 28 1271
Gender

Male 7 (25.0%) 781 (61.5%)

Female 21 (75.0%) 490 (38.6%) <0.001
Age 72.1 = 8.3 years* 66.0 = 11.2 years* 0.004
Types of RD

Rheumatoid arthritis 15

Systemic lupus erythematosus 5

Sjogren syndrome 4

Polymyalgia rheumatica 2

Systemic scleroderma 1

Dermatomyositis 1
Location of cancer

Right-side colon 13 (46.4%) 348 (27.4%)

Left-side colon 11 (39.3%) 445 (35.0%)

Rectum 4 (14.3%) 477 (37.6%) 0.016
Tumor diameter 354 = 18.5 mm* 40.5 = 23.1 mm* 0.252
Depth of invasion

Tis/1/2 12 (42.9%) 425 (33.8%)

T3/4 16 (57.1%) 839 (66.2%) 0.323
Regional lymph node metastasis

Absent 18 (64.3%) 773 (61.3%)

Present 10 (35.7%) 489 (38.8%) 0.743
Distant metastasis

Absent 22 (78.6%) 1097 (86.6%)

Present 6 (21.4%) 170 (13.4%) 0.252
Histologic classification

Well-differentiated adenocarcinoma 16 (57.1%) 678 (53.6%)

Moderately-differentiated adenocarcinoma 9 (32.1%) 507 (40.1%)

Poorly-differentiated adenocarcinoma 2 (7.1%) 29 (2.3%)

Mucinous adenocarcinoma 1 (3.6%) 37 (2.9%)

Others 0 13 (1.0%) 0.715
Lymphatic invasion

Absent 22 (78.6%) 900 (71.5%)

Present 6 (21.4%) 359 (28.5%) 0.398
Venous invasion

Absent 10 (35.7%) 425 (33.8%)

Present 18 (64.3%) 834 (66.2%) 0.829

RD, rheumatic disease; CRC, colorectal cancer.
*Data presented as mean * SD.

Table 2 Multivariate analysis of RD association and clinicopathologic
factors

P value Relative risk 95% CI
Gender
Male vs. female 0.0004 4.28 1.88-11.00
Age 0.0232 1.04 0.92-0.99
Cancer location
Colon vs. rectum 0.0342 2.85 1.07-9.84
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logic features associated with cancer progression,
such as tumor depth, lymph node metastasis, or
distant metastasis, between the RD-associated and
non-RD-associated CRC groups. However, patients
with RD exhibited significantly shorter disease-free
and overall survival after curative resection of the
primary tumor (Fig. 1). In multivariate analysis, RD
was found to be an independent predictive factor of
poor prognosis for both disease-free and overall
survival (Table 3). The risk of cancer recurrence was
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Fig. 1 Disease-free (A) and overall survival (B) after curative
resection. The survival curves of patients with (dotted line) or
without (solid line) rheumatic disease are presented using the
Kaplan-Meier estimator, and the P values were calculated using
the log-rank test.
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more than 2-fold higher in RD-associated CRC
group.

Next, we evaluated the association between RD-
related characteristics and the TNM-related factors
of colorectal cancer (Table 4). Gender, age, type of
RD, use of corticosteroids, and elevation of CRP
levels were not correlated with TNM-related factors.
Comparing patients who had RD for 10 or more
years (longer duration) with those who presented
with RD less than 10 years previously (shorter
duration), a trend toward a higher incidence of
lymph node metastasis (P =0.06) and a significantly
higher rate of synchronous distant metastasis (P =
0.035) was observed for patients with a longer
disease duration. However, there was no difference
in depth of tumor invasion. Thus, we hypothesized
that a longer RD duration (>10 years) was a
prognostic factor for a poorer prognosis for RD-
associated CRC, but the differences were not
significant (Table 5; P = 0.303 for disease-free
survival and P =0.591 for overall survival). Instead,
elevation of CRP levels (CRP > 0.3, elevation above
the normal limit of our institution), which is a
marker suggestive of poor control of RD, tended to
be correlated with a poorer prognosis for overall
survival (P = 0.069). The mean CRP level among
patients with RA 0.62 + 1.53 mg/dL (mean * SD),
versus 0.71 = 1.12 mg/dL for patients without RA
(P = 0.66). Patients in the non-RD group who
exhibited high CRP levels also displayed poorer
overall survival than those with low CRP levels (5-
year survival rate: 78.3% vs. 90.0%; P = 0.044; (data
not shown).

Table 3 Univariate and multivariate analysis of prognostic valuables for disease-free survival and overall survival after curative resection

Multivariate analysis

Univariate analysis

P value P value Relative risk 95% CI
Disease-free survival
T (Tis-2 vs. T3-4) <(0.0001 <0.0001 248 1.63-3.92
N (NO vs. N1-2) <0.0001 0.0003 1.84 1.32-2.57
M (MO vs. M1) <(0.0001 <0.0001 3.89 2.78-5.40
Lymphatic invasion (absent vs. present) <0.0001 0.0109 1.5 1.10-2.05
Venous invasion (absent vs. present) <0.0001 0.0058 1.66 1.15-2.45
Cancer location (colon vs. rectum) 0.0029 0.004 1.53 1.15-2.04
Rheumatic disease 0.0184 0.0237 2.44 1.14-4.59
Opverall survival
T (Tis-2 vs. T3-4) <0.0001 0.0001 2.88 1.63-5.44
N (NO vs. N1-2) <0.0001 0.3962 1.22 0.77-1.92
M (MO vs. M1) <(0.0001 <0.0001 2.86 1.76-4.55
Lymphatic invasion (absent vs. present) <0.0001 0.0939 1.48 0.93-2.32
Venous invasion (absent vs. present) 0.0006 0.286 1.3 0.81-2.17
Cancer location (colon vs. rectum) 0.9287
Rheumatic disease <0.0001 0.0004 5.09 2.25-10.03
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Table 4 Correlation between the RD-related characteristics and the TNM classification of CRC
RD-related characteristics Tis-2 T3/4 P value NO N1/2 P value MO M1 P value
Gender

Male 1 (14.3%) 6 (85.7%) 3 (42.9%) 4 (57.1%) 5(71.4%) 2 (28.6%)

Female 11 (52.4%) 10 (47.6%) 0.064 15 (71.4%) 6 (28.6%) 0.179 17 (81.0%) 4 (19.1%) 0.603
Age

<75 6 (33.3%) 12 (66.7%) 12 (66.7%) 6 (33.3%) 14 (77.8%) 4 (22.2%)

>75 6 (60.0%) 4 (40.0%) 0.172 6 (60.0%) 4 (40.0%) 0.725 8 (80.0%) 2 (20.0%) 0.89
Type of RD

Rheumatoid arthritis 6 (40.0%) 9 (60.0%) 11 (73.3%) 4 (26.7%) 11 (73.3%) 4 (26.7%)

Others 6 (46.2%) 7 (53.9%) 0.743 7 (53.9%) 6 (46.2%) 0.282 11 (84.6%) 2 (15.4%) 0.464
Steroid

Yes 8 (40.0%) 12 (60.0%) 13 (65.0%) 7 (35.0%) 17 (85.0%) 3 (15.0%)

No 4 (50.0%) 4 (50.0%) 0.63 5(62.5%) 3 (37.5%) 0.901 5(62.5%) 3(37.5%) 0.206
CRP

<0.3 7 (41.2%) 10 (58.8%) 9 (52.9%) 8 (47.1%) 14 (82.4%) 3 (17.7%)

>0.3 5(412%) 6 (54.6%) 0.823 9 (81.8%) 2(182%) 0.11 8 (72.7%) 3 (27.3%) 0.548
Duration from onset of RD (years)

<10 5(33.3%) 10 (66.7%) 12 (80.0%) 3 (20.0%) 14 (93.3%) 1 (6.7%)

>10 7 (53.9%) 6 (46.2%) 0273 6 (46.2%) 7 (53.9%) 0.06 8 (61.5%) 5 (38.5%) 0.035

RD, rheumatic disease; CRC, colorectal cancer.

Discussion

Although many reports have documented an in-
creased risk of lymphoma in patients with RD,*"" it
remains controversial whether RD is a risk factor for
solid cancers. In a meta-analysis of 21 publications
reported in 2008, RA was identified as a risk factor for
lymphoma and lung cancer, but the incidence of
colorectal and breast cancers was lower in patients
with RA."> In a nationwide cohort analysis from
Taiwan involving 11,763 patients with SLE, cancer
developed during surveillance in 259 patients,
including 14 cases of CRC, giving a standardized
incidence ratio of 0.82.® Another nationwide Danish
analysis that included 2040 patients with systemic
scleroderma reported the development of 9 colon and
2 rectal cancers, giving standardized incidence ratios
of 0.9 and 0.4, respectively.® Although some autoim-
mune diseases, such as ulcerative colitis and Crohn’s
disease, are known to increase the risk of CRC,!>*
these precedent reports suggested that RD is not a
risk factor for CRC. In our analysis, the incidence of
RA among patients with CRC was 1.2%, and that of
SLE among the same patients was 0.4%. The
prevalence of RA in the general population is
reported to be 0.1-0.5%">; thus, the incidence of RA
among our CRC cohort was not high, considering
that the average age of the patients was 66 years.
Recently, it was demonstrated in a nationwide cohort
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study in Taiwan that RA patients did not have an
increased risk of cancer, consistent with our results.'®

The majority of patients with RD-associated CRC
were female, and these patients were on average 6
years older than those with non-RD-associated
CRC, reflecting the characteristics of RD. Interest-
ingly, the proportion of patients with rectal cancer
was significantly lower among patients with RD-
associated CRC. Although the high incidence of
colon cancer in patients with RD could be partly
explained by the higher proportion of females and
the older age of the patients,"”'® females and older
age were found to be an independent feature of RD-
associated CRC in multivariate analysis. There are
limited reports about the location of CRC in patients
with RD, but 1 report identified a more than 4-fold
higher incidence of colon cancer than rectal cancer
in patients with systemic scleroderma, corroborating
our finding.®

Presently, the correlation between underlying
RD and the prognosis of solid cancer remains to be
fully elucidated. Sihvonen et al reported that
patients with RA were at increased risk of cancer-
related death compared to the general popula-
tion,'® whereas Riise et al failed to demonstrate a
statistically significant increase in cancer-related
mortality.”” Llorca ef al also reported that age- and
gender-standardized mortality ratios for cancer in
patients with RA were not different from those of
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Table 5 Univariate analysis of RD-related variables for disease-free and
overall survivals

Cumulative 5-year

RD-related characteristics n survival rate P value
Disease-free survival
Gender
Male 7 0.0%
Female 21 57.0% 0.032
Age
<75 18 61.8%
>75 10 60.0% 0.675
Type of RD
Rheumatoid arthritis 15 66.7%
Others 13 54.4% 0.307
Steroid
Yes 20 65.6%
No 8 60.2% 0.558
CRP
<0.3 17 56.6%
>0.3 11 72.7% 0.426
Duration from onset of RD
(years)
<10 15 69.1%
>10 13 53.7% 0.303
Overall survival
Gender
Male 7 50.0%
Female 21 58.2% 0.979
Age
<75 18 60.0%
>75 10 47 1% 0.822
Type of RD
Rheumatoid arthritis 15 47.1%
Others 13 68.6% 0.313
Steroid
Yes 20 60.7%
No 8 45.7% 0.646
CRP
<0.3 17 40.9%
>0.3 11 69.2% 0.069
Duration from onset of RD
(years)
<10 15 62.9%
>10 13 52.1% 0.591

the general population; however, both high CRP
levels and high erythrocyte sedimentation rates,
which were indicative of a chronic inflammatory
response and thus poor control of RA, were
revealed as independent predictors of cancer-
related mortality.”' In their study, however, only a
few patients (n=17), including only 4 patients with
colon cancer, were analyzed. Thus, the power of the
study was insufficient to reach a conclusive
scientific basis regarding the prognosis and char-
acteristics of RD-associated solid cancer. In the
present study, we speculated that patients with RD
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would have more advanced tumors than those
without RD, but no difference was observed related
to the tumor depth and incidence of regional
lymph node and distant metastasis. Instead, pa-
tients with RD-associated CRC had significantly
shorter recurrence-free and overall survival in both
univariate and multivariate analyses. This suggests
that the cancer-preventing immune response also
might be suppressed in patients with RD, who have
an immunologic disorder in distinguishing self
from nonself.

We then evaluated the correlation of RD-related
variables with the TNM classification and patient
prognosis. Although no correlation with depth of
invasion was found in patients with a longer RD
duration (defined as 10 or more years), the incidence
of distant metastasis was significantly higher.
Incidence of lymph node metastasis also tended to
be higher, compared to the findings in patients with
a shorter RD duration (less than 10 years). These
findings suggest that longstanding RD may be
associated with reduced host immune defense,
leading to a propensity for metastatic invasion.
Because of the low incidence of RD in the general
population, the number of patients RD among
patients with CRC was also low, and only a limited
patient sample could be evaluated. Possibly, the
sample size was insufficient to demonstrate an
evident correlation between any of the RD-related
variables and cancer prognosis. Only CRP elevation
displayed a trend of correlation with shorter overall
survival. Several studies reported similar results
including 1 study of 7072 patients with CRC, which
demonstrated that an increased CRP level was an
independent risk factor for poor prognosis.”*> Addi-
tionally, this result was consistent with a previous
report identifying a correlation between CRP eleva-
tion and cancer-related mortality in patients with
RA.* Because most of the drugs used in the
treatment of RD exert anti-inflammatory and im-
munosuppressive effects, there is a possibility that
the RD treatment itself promotes cancer metastasis
and consequently shorter survival. However, in our
series, no correlation of corticosteroid treatment
with TNM classification and prognosis was ob-
served, and many previous reports have identified
no association of RA therapy, including gold,
penicillamine, prednisone, and methotrexate, with
increased cancer-related mortality, > corroborat-
ing our result.

The limitations of this study included the
relatively small number of patients with RD
investigated in the study because of the low
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prevalence of RD, which may be the cause of the
failure to elucidate a prognostic risk factor in RD
patients. Multi-institutional studies with larger
numbers of patients are needed.

Conclusion

RD was associated with a significantly worse
prognosis of CRC, suggesting that deregulation of
the immune system as a result of autoimmune
diseases may adversely affect the host immune
defense against cancer progression.
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