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Abstract

Aim: The purpose of this study was to compare clinicopathological features of patients with non-schistosomal and
schistosomal colorectal cancer to explore the effect of schistosomiasis on colorectal cancer (CRC) patients’ clinical
outcomes.

Methods: Three hundred fifty-one cases of CRC were retrospectively analyzed in this study. Survival curves were
constructed by using the Kaplan-Meier (K-M) method. Univariate and multivariate Cox proportional hazard
regression models were performed to identify associations with outcome variables.

Results: Colorectal cancer patients with schistosomiasis (CRC-S) were significantly older (P < 0.001) than the patients
without schistosomiasis (CRC-NS). However, there were no significant differences between CRC-S and CRC-NS patients
in other clinicopathological features. Schistosomiasis was associated with adverse overall survival (OS) upon K-M
analysis (P = 0.0277). By univariate and multivariate analysis, gender (P = 0.003), TNM stage (P < 0.001), schistosomiasis
(P = 0.025), lymphovascular invasion (P = 0.030), and lymph nodes positive for CRC (P < 0.001) were all independent
predictors in the whole cohort. When patients were stratified according to clinical stage and lymph node metastasis
state, schistosomiasis was also an independent predictor in patients with stage III–IV tumors and in patients with lymph
node metastasis, but not in patients with stage I–II tumors and in patients without lymph node metastasis.

Conclusion: Schistosomiasis was significantly correlated with OS, and it was an independent prognostic factor for OS
in the whole cohort. When patients were stratified according to clinical stage and lymph node metastasis state,
schistosomiasis was still an independently unfavorable prognosis factor for OS in patients with stage III–IV tumors or
patients with lymph node metastasis.
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Introduction
Growing pieces of evidence have emerged in recent de-
cades that inflammation is the root of many malignant
tumors [1, 2]. As the fourth most common cancer and
the second leading cause of cancer deaths in the world
[3], CRC represents a growing number of cancers that

correlated with inflammatio n[1, 4, 5]. Schistosoma japo-
nicum (S. japonicum), which is common in Southeast
Asia [6], is regarded as a risk factor of CRC development
[7]. Schistosomal infestation has been implicated in the
etiology of several human malignancies including blad-
der, liver, and CRC [8, 9]. The prevalent view is that the
sequestered eggs in the mucosa and submucosa incite a
severe inflammatory reaction with cellular infiltration
and consequent granuloma formation. This in turn leads
to mucosal ulceration, microabscess formation, polyp-
osis, and neoplastic transformation [10]. But the causal
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relationship between S. japonicum and CRC still
remained controversial [11]. Some case reports and de-
scriptive studies from Africa and the Middle East raised
the possibility of an association between S. japonicum
infestation and induction of CRC [12–14]. Nonetheless,
the pathological evidence supporting this conclusion is
rather weak, while some research demonstrated that S.
japonicum infestation was unrelated with CRC [15].
In the 1950s, schistosomiasis was epidemic at a large

scale in regions along the Yangtze River and in more
than 400 counties in South China [16]. Because of the
effective prevention and cure measures taken in China
in recent years, schistosomiasis has been eliminated in
most epidemic regions. However, its spread is not yet
completely controlled and schistosomiasis occurs every
year in a small number of people in the epidemic regions
of China [17]. The Qingpu District of Shanghai used to
be one of the 10 areas with serious schistosomiasis epi-
demic in China [18], and problems of treatment and
outcome of a large number of late schistosomiasis pa-
tients left over from history are still remaining. There-
fore, detailed knowledge about schistosomiasis is
necessary to improve the accuracy of clinical prognosis
prediction and will shed light on improving our ability
to the prevention and control of schistosomiasis.
In the present study, we made a retrospective analysis

of schistosomiasis and clinicopathological characteristics
in 137 CRC-S patients and 214 CRC-NS patients to in-
vestigate the effect of schistosomiasis on CRC patients’
clinical outcomes.

Materials and methods
Patients and samples
A total of 351 CRC patients were enrolled in this retro-
spective study. All patients had undergone primary sur-
gical resection at Qingpu Branch of Zhongshan Hospital
affiliated to Fudan University, from January 2008 to Au-
gust 2016. All of the operations followed the principle:
adequate resection margins, en bloc high ligation of the
inferior mesenteric artery (IMA), and lymphadenectomy.
All circumferential margins were cleared. The number
of positive lymph nodes and total number of retrieved
lymph nodes were recorded. The inpatient medical re-
cords and pathological reports were reviewed, and the
patients were followed up by telephone. OS is defined as
the interval from the surgical operation date to the last
follow-up or death caused by CRC. Inclusion criteria in-
cluded the following: (i) patients with CRC as primary
focus, (ii) none of these patients had received any prior
anti-tumor therapy, and (iii) patients were diagnosed as
adenocarcinoma by pathology after resection of CRC.
Exclusion criteria included the following: (i) Tis tumors,
(ii) patients who lacked complete information, (iii)

patients with synchronous malignancy, and (iv) patients
with survival time less than 1 month.
Two expert pathologists reviewed HE-stained slides to

determine the diagnosis and to restage the tumors ac-
cording to the eighth edition of American Joint Commit-
tee on Cancer (AJCC).

Detection of schistosome ova and assessment of tumor
budding
Schistosome ova were observed in all of original HE-
stained formalin-fixed paraffin-embedded (FFPE) sec-
tions (usually 4–6 slides), which were examined at × 10
and × 40 magnification fields using a conventional light
microscope by two pathologists who were blinded to the
clinical data. The diagnosis of schistosomiasis was done
by finding schistosome eggs in HE-stained slides.
Tumor budding was defined as the presence of de-

differentiated single cells or small clusters of up to 5
cells at the invasive front of CRC [19]. To assess tumor
budding in the 10-HPF method [20], the invasive front is
first scanned at low magnification (× 4 to × 10) to iden-
tify areas of highest budding density. Tumor buds are
then counted under high magnification (× 40), and the
tumor budding count is reported. The evaluation of
tumor budding was conducted by two pathologists who
were blinded to the clinical data. Five tumor budding
counts were used as breakthrough point. In brief, tumor
bud counts greater than or equal to 5 were defined as
the high group, otherwise as the low group.

Statistical analysis
The association between schistosomiasis and clinico-
pathological characteristics was evaluated by using the
chi-square and Fisher’s exact tests. The Kaplan-Meier
(K-M) curves with log-rank tests were used to determine
the prognostic significance for OS. Univariate and multi-
variate regression analyses were used to identify inde-
pendent prognostic factors, and P < 0.05 was defined as
the criterion for variable deletion when performing
backward stepwise selection. Statistical analyses were
performed using SPSS 22.0 (SPSS Inc., Chicago, IL).

Results
Clinical characteristics in full cohort
A total of 351 surgically resected FFPE primary CRC
samples were included in the study. In the whole cohort,
39.0% (137 out of 351) were infected with schistosoma
(Fig. 1a). The clinical and pathological features of the co-
hort are summarized in Table 1. In the whole cohort,
the age of patients at diagnosis ranged from 33 to 91
years (median, 69 years) and they were predominantly
male (60.2%, 212 out of 351). By anatomic site, 27% tu-
mors were in the rectum, 33% in the left colon, and 40%
in the right colon. Lymph node metastasis was observed
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in 40% of patients, and 46% of patients were at late-stage
disease, while patients without lymph node metastasis
were 60%. On the basis of the AJCC Staging Manual
(seventh edition), there were very few highly differenti-
ated cases in the follow-up data. Thus, highly differenti-
ated and moderately differentiated cases were classified
as “well differentiation,” and poorly differentiated cases
classified as “poor differentiation.” Seventy-six percent
cases were well differentiated, and 24% were poorly dif-
ferentiated. As shown in Table 1, lymphovascular inva-
sion, perineura invasion, lymph nodes positive for CRC,
and tumor budding were prone to appear in patients
with stage III–IV tumors or patients with lymph node
metastasis. More poorly differentiated tumors and dee-
per tumor invasion depth were also mostly observed in
patients with late tumor stage or patients with lymph
node metastasis. The distribution trend of other clinico-
pathological features, such as colonic perforation, ulcer-
ation, and histological type, was similar within different
subgroups.

Survival analysis
The median follow-up time was 62.4 (1.25–134.4)
months. During the follow-up, there were 41.6% (146
out of 351) patients who died. Mean and median time to
OS was 62.54 and 62.85, respectively.
To investigate the association between schistosomiasis

and clinical outcomes, we conducted K-M analysis ac-
cording to schistosoma infection status. Result demon-
strated that schistosoma infection was significantly
associated with poor survival in total CRC patients (me-
dian survival time, 80.82 for CRC-S set and 119.20 for
CRC-NS set; P = 0.0277) (Fig. 1b).
Further analysis was conducted to explore the effect of

schistosoma infection on CRC patients with similar stage
tumors. In stage I–II set (N = 192), a K-M curve was

plotted and found that schistosoma infection (40%) was
uncorrelated with survival (P = 0.5018) (Fig. 2a). Never-
theless, in stage III–IV set (N = 159), K-M analysis
showed a significant correlation between schistosoma in-
fection and OS (P = 0.0260) (Fig. 2b).
In patients with lymph node metastasis (N = 144),

schistosoma infection was observed in 39% (56 out of
144) CRC patients and associated with poor survival
(P = 0.0249) (Fig. 2c). In contrast, there was no sta-
tistically significant difference observed in OS between
CRC-S and CRC-NS patients without lymph node
metastasis (P = 0.4005) (Fig. 2d).

Univariate and multivariate analysis
The Cox proportional hazards model was used to deter-
mine factors that may influence OS of CRC patients. In
the whole cohort, by univariate analysis and multivariate
analysis (Table 2), gender (P = 0.003), TNM stage (P <
0.001), schistosomiasis (P = 0.025), lymphovascular inva-
sion (P = 0.030), and lymph nodes positive for CRC (P <
0.001) were significantly independent predictors. Schis-
tosomiasis was statistically significantly associated with
decreasing OS.
In late-stage (III–IV) CRC patients (Table 2), gender

(P = 0.030), pathological T stage (P = 0.12), tumor differ-
entiation (P = 0.016), schistosoma infection (P = 0.008),
and lymph nodes positive for CRC (P = 0.004) were sig-
nificantly independent prognostic factors for OS, while
in early stage (I–II), lymph nodes positive for CRC (P =
0.007) was the only independent prognostic factor for
OS in multivariate analysis.
In patients with lymph node metastasis (Table 2), gen-

der (P = 0.026), pathological T stage (P = 0.025), schisto-
soma infection (P = 0.023), and lymph nodes positive for
CRC (P = 0.003) were independent prognostic factors. In
patients without lymph node metastasis (Table 2), TNM

Fig. 1 a Typical sample of schistosomiasis-associated CRC; the red arrows indicate schistosome ova (HE, × 100). b K-M analysis of OS in the whole
CRC cohort according to schistosoma infection status. P value was calculated by log-rank test
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stage (P < 0.001) and tumor budding (P = 0.014) but not
schistosoma infection were associated with OS in multi-
variate analysis. These results further proved that schis-
tosoma infection may have different effects on CRC
patients’ clinical outcomes, especially for patients with
stage III–IV tumor and patients with lymph node
metastasis.

Association of schistosomiasis with clinicopathological
features
The relationship between schistosomiasis and clinico-
pathological features is shown in Table 3. Patients with
schistosomiasis were significantly older than the patients
without schistosomiasis (median age 74.0 years vs 64.0

years, P < 0.001). The clinical stage of patients with and
without schistosomiasis was similar (P = 0.816). In the
total cohort, the male/female ratio was also higher in the
CRC-S set (1.67 vs 1.43). Besides, in patients with lymph
node metastasis, there were significant associations be-
tween male sex and female sex (P < 0.001). There were
no significant differences in other clinicopathological
characteristics between CRC-NS and CRC-S sets.
In order to further investigate the effect of schistosom-

iasis on particular CRC population, we divided the whole
cohort into different groups according to their clinical
stage or the state of lymph node metastasis and further
subgrouped them into CRC-S and CRC-NS set based on
schistosomiasis. Except age, there were no correlations

Table 1 Clinicopathological characteristics of the CRC cohort

Characteristics All patients (N = 351) Patients with stage I–II
disease (N = 192)

Patients with stage
III–IV disease (N = 159)

Patients with
LNM (N = 144)

Patients without
LNM (N = 207)

N % N % N % N % N %

Age (< 60 years) 83 24 46 24 37 23 34 24 49 23

Gender (male) 214 61 118 61 65 59 71 49 123 57

Tumor location

Rectum 94 27 50 26 44 28 37 26 57 28

Left colon 115 33 61 32 54 34 51 35 64 31

Right colon 142 40 81 42 61 38 56 39 86 41

Tumor size (< 5 cm) 174 50 94 50 80 49.7 71 49 103 48

Differentiation

Well diff. 267 76 165 86 102 65 93 65 173 82

Poor diff. 84 24 27 14 57 35 51 35 36 18

Lymphovascular invasion (positive) 122 35 46 24 76 48 68 47 54 26

Nervous invasion (positive) 31 1.0 12 6.0 19 12 18 12.5 13 6

Lymph nodes positive for CRC (> 2) 42 1.2 1.0 0.0 41 26 35 24 7 3

Colonic perforation (yes) 13 0.4 8 4.0 5 3.0 4 3.0 9 4.0

Tumor budding (≥ 5 cells) 219 62 99 52 120 75 110 79 109 53

Ulceration (yes) 149 42 79 41 70 44 64 44 85 41

Histological type

Adenocarcinoma 311 89 173 90 138 87 124 86 187 90

Mucinous/SRCC 40 11 19 10 21 13 20 14 20 10

Pathological T stage

T1–2 80 23 65 34 15 9 14 10 63 31

T3–4 271 77 127 66 144 91 130 90 146 69

Lymph node metastasis

No 207 60 189 98 18 12 – – – –

Yes 144 40 3 2 141 88 – – – –

TNM stage

I + II 190 54 – – – – 3 2 192 92

III + IV 161 46 – – – – 141 98 17 8

Schistosomiasis 137 39 76 40 61 38 56 39 81 40

“–,” data is not applicable. Abbreviation: N number
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between other clinicopathological features and schisto-
somiasis when compared between CRC-NS and CRC-S
sets in different groups (Table 3).

Discussion
At present, there is sufficient evidence to conclude that
S. haematobium has a role in causing some types of
bladder cancer [21–23] and hepatocellular carcinoma [6,
10]. There is limited evidence to suggest that S. japoni-
cum leads to CRC.
Our study demonstrated that schistosomiasis was an

independently unfavorable factor for OS (P = 0.0260,
Fig. 1b; P = 0.025, Table 2). These results indicated that
schistosomiasis plays an important role in CRC progres-
sion and metastases. Shindo [24] reviewed 276 cases of
large intestinal cancer with schistosomiasis and found
significant differences between carcinoma with schisto-
somiasis and non-schistosomiasis-associated carcinoma
in symptoms, age, sex, and histological findings, suggest-
ing that schistosomiasis could induce the carcinoma. Ye
et al. [25] reported that intestinal schistosomiasis was a
risk factor for CRC and that the lesions caused by the

disease might be considered precancerous. Liu et al. [26]
reported that the history of colon schistosomiasis was a
probable risk factor for the development of colorectal
neoplasia, but only a few studies reported the clinico-
pathological characteristics and prognosis of patients
with schistosomal CRC. This might be explained as fol-
lows. Firstly, there is little relevant clinical data in the
medical literature, limited to case reports; physicians
know little about it [27, 28]. Secondly, cases of colonic
schistosomiasis are rare leading to a small sample size
and potential bias in data analysis. Previous reports [29,
30] showed that the development of CRC-S occurs in a
younger age group unlike our findings. This might be
explained by the following reasons. First, since effective
prevention and control measures were taken in China in
1983, the infection rate has decreased, which result in
large quantity and relatively younger CRC-NS patients.
Second, this disparity may be related to differences in
hereditary factors and environmental carcinogens. Our
results showed that there is also a male predominance
(61%, Table 1) in the cohort, although there was no sig-
nificant difference between CRC-NS and CRC-S patients

Fig. 2 K-M analysis of OS in stratified CRC. a Patients with stage I–II tumors (N = 192, P = 0.5018). b Patients with stage III–IV tumors (N = 159, P =
0.0260). c Patients with lymph node metastasis (N = 144, P = 0.0249). d Patients without lymph node metastasis (N = 207, P = 0.4005). P value
was calculated by log-rank test
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(Table 3). The Qingpu District of Shanghai was previ-
ously predominantly rural and, as more males were en-
gaged in farm work, is likely to be at greater risk for
exposure [31–33].
In the cohort, there were 22 (1.7%) patients who have

stage IV tumors, and the survival time ranged from 1.25
to 118 months. Although it is well known that stage IV
tumors have a poor prognosis, we want to investigate
the impact of schistosoma on CRC in the complete
process.
Schistosomiasis was statistically significant for OS in

the univariate analysis and was an independent progno-
sis factor in multivariate analysis in the whole cohort (P
= 0.025, HR = 1.458, 95% CI = 1.049–2.027). When pa-
tients were stratified based on clinical stage or state of
lymph node metastasis, schistosomiasis was also a sig-
nificantly independent predictor, except in patients with
stage I–II tumor or without lymph node metastasis.
Therefore, our observation indicates that schistosomiasis
may be a considerable risk for patients in different clin-
ical stages, especially in the late clinical stage. This con-
clusion may increase the debate that schistosomiasis is a
weak risk of CRC [5, 34, 35].
Our study has several limitations. First, because it was

performed at a single institution, the uniformity of the
results may be low. Further work will be needed to valid-
ate the present results. Second, patient selection bias is a
possibility due to the nature of the retrospective study.
Third, although we found a negative correlation between
schistosomiasis and CRC outcomes, the precise func-
tional roles of schistosomiasis in CRC progression and
its underlying molecular mechanisms remain obscure.
Chen et al. observed a variable degree of colonic epithe-
lial dysplasia in 60% of cases with S. japonicum colitis
and regarded these changes as a transition on the way
towards cancer development in schistosomal colonic dis-
ease [36]. A similar conclusion was drawn by Yu et al.
from their studies on different types of schistosomal egg
polyps [34]. All these results suggested the pro-tumor
mechanisms of S. japonicum in tumor tissues. Therefore,
further analysis about the functional roles of schisto-
soma infection and underlying molecular mechanisms
needs to be investigated. In addition, we were not sure if
any of these patients suffered from familial cancer syn-
dromes, such as Lynch syndrome. It was known that the
proportion of patients with familial polyps and heredi-
tary non-polyposis CRC syndrome is higher in young pa-
tients (≤ 40 years old) [37, 38]. In our cohort, there were
seven patients (0.02%) under 40 years old. However,
work will continue to examine this possibility. Lastly, it
was reported that schistosomiasis results from the host’s
immune response to schistosome eggs and the granu-
lomatous reaction evoked by the antigens they secrete
[39], and the process of granuloma formation will be

accompanied by chronic inflammatio n[40, 41], which
may induce the development of tumor. However, we
could not provide evidence in this study and detection
of inflammatory markers will be conducted to
strengthen the hypothesis in further work.
In summary, our observations support the pathogen-

etic role of schistosomiasis and shed light on the adverse
effects of schistosomiasis on CRC patients.
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