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Background: The basic platelet counts of schistosomiasis patients are low. If it does not meet the 
requirements for chemotherapy, the patient’s treatment will not be carried out, which directly affects their 
prognosis. Therefore the impact of treatment on platelet counts is critically important. The effects of 
bevacizumab plus oxaliplatin-based chemotherapy and bevacizumab plus irinotecan-based chemotherapy 
regimens on platelets are different but have not been determined. In order to find a more suitable plan for 
metastatic colorectal cancer (mCRC) patients with a history of schistosomiasis, we conducted a retrospective 
analysis of mCRC patients and evaluated the impact of bevacizumab on their platelets.
Methods: The medical records of all mCRC patients with a history of schistosomiasis who received 
oxaliplatin-based chemotherapy or irinotecan-based chemotherapy as first-line treatment for no less than 4 
cycles, with or without bevacizumab from September 1, 2017, to June 30, 2019, in Kunshan Hospital were 
reviewed. Six-month cumulative incidence rates of splenomegaly and thrombocytopenia of chemotherapy 
with and without bevacizumab groups, oxaliplatin-based chemotherapy with and without bevacizumab 
groups, irinotecan-based chemotherapy with and without bevacizumab groups were compared from the first 
cycle until the completion of chemotherapy using Kaplan-Meier analysis and Log-rank test.
Results: Evaluable splenic enlargement and thrombocytopenia results were obtained from 153 mCRC 
patients. The 6-month cumulative incidence rates of splenomegaly (23.3% vs. 55%; P=0.01) and that 
of thrombocytopenia (43.8% vs. 57.5%; P=0.40) were lower in the bevacizumab group than the non-
bevacizumab group, however there were no statistical differences for the rates of thrombocytopenia. For 
patients treated with oxaliplatin, the rates of splenomegaly (19.5% vs. 66.7%; P=0.01) and thrombocytopenia 
(31.7% vs. 77.2%; P=0.02) were lower in the bevacizumab-treated cohort than that in the non-bevacizumab 
cohort. When stratified for irinotecan, there were no statistical differences in the frequency of splenomegaly 
between the two groups. However, the rates of thrombocytopenia were higher in the bevacizumab-treated 
cohort than that in the non-bevacizumab cohort (59.4% vs. 8.7%; P=0.01).
Conclusions: The bevacizumab plus oxaliplatin-based chemotherapy regimen is safer for mCRC patients 
with a history of schistosomiasis, especially for patients with a lower platelet count.
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Introduction

Schistosomiasis is a snail-borne disease caused by parasitic 
blood-dwelling flukes that affects almost 250 million 
people globally. It is a public health problem in tropical and 
subtropical regions of Africa, Asia, the Caribbean and South 
America. There were about 12 million schistosomiasis 
patients in China in 1950s (1). Although great achievements 
have been attained in treating schistosomiasis, there were 
still 37,601 schistosomiasis patients in China by the end of 
2017 (2). Kunshan city lies in the Yangtze river basin, and 
is a endemic area of schistosomiasis (1). Schistosomiasis 
often results in hepatic fibrosis, splenomegaly, and 
thrombocytopenia. The basic platelet counts of the 
schistosomiasis patients are low, and might be much 
lower during chemotherapy, which leads to increased 
risk of bleeding. If the platelet count does not meet the 
requirements for chemotherapy, the patient’s treatment will 
be delayed or even not be carried out as planned, which 
directly affects their prognosis. Therefore the impacts 
of treatment regimens on platelet counts are critically 
important for those patients.

Oxaliplat in or  ir inotecan in combinat ion with 
5-fluorouracil regimens are the backbones of systemic 
treatment for metastatic or recurrent colorectal cancer 
patients. However, thrombocytopenia is one of the 
commonest treatment-related adverse events of them. 
Angiogenesis is an attractive therapeutic target for patients 
with cancer, and it can be inhibited by bevacizumab (3). 
Bevacizumab (Avastin, Genentech, South San Francisco, 
CA) is a recombinant humanized immunoglobulin 
monoclonal antibody that binds with and inhibits the 
activity of human vascular endothelial growth factor-A 
(VEGF-A) (4). Bevacizumab enhances the effect of 
chemotherapy in colorectal cancer and was approved 
by the FDA as the first angiogenesis inhibitor to treat 
metastatic colorectal cancer (mCRC) (5). However, it has 
several adverse effects including hypertension, proteinuria, 
thromboembolic events, wound-healing complications, 
congestive heart failure, and gastrointestinal perforation 
(6-11). Bevacizumab plus oxaliplatin-based chemotherapy 
and bevacizumab plus irinotecan-based chemotherapy 
are equally effective. The impacts of the two regimens 
on platelet counts remain unknown as the results varied 
among different clinical trials. A study has reported that 
bevacizumab was associated with an increased risk of all 
grades of thrombocytopenia (12). It increased the incidence 
of grade 1 or 2 thrombocytopenia from irinotecan-

based chemotherapy in patients with mCRC (13,14). 
However, researches also reported that bevacizumab can 
reduce the rate of thrombocytopenia from oxaliplatin-
based chemotherapy because of its protective impact on 
oxaliplatin-induced hepatic sinusoidal injury (HSI) (15,16). 
For mCRC patients with a history of schistosomiasis, the 
basic platelet counts of whom are more likely to be low, 
choosing a regimen with less impact on platelet count 
is very important. Because of survival improvement of 
bevacizumab on chemotherapy and protective effect of 
bevacizumab on oxaliplatin-induced splenomegaly and 
thrombocytopenia, bevacizumab plus oxaliplatin-based 
chemotherapy is potentially more effective and safer. In 
order to find the answer, we conducted this retrospective 
analysis. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-207/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Affiliated Kunshan Hospital of Jiangsu 
University Institutional Review Board (No. 2022-03-006-
K01). Individual consent for this retrospective analysis 
was waived. Bevacizumab has been widely used in China 
since September 1, 2017, before which it was not covered 
by insurance. We retrospectively reviewed the medical 
records of all patients with mCRC who received oxaliplatin-
based chemotherapy or irinotecan-based chemotherapy 
from September 1, 2017, to June 30, 2019, in the Affiliated 
Kunshan Hospital of Jiangsu University. Patients were 
included if they were mCRC patients with a treatment 
history for schistosomiasis and if they received oxaliplatin-
based chemotherapy or irinotecan-based chemotherapy as a 
first-line treatment for no less than 4 cycles. The exclusion 
criteria were then applied to the 195 identified cases as 
follows: receiving a regimen containing cetuximab, lack 
of available imaging, absence of spleen on imaging, prior 
liver resection, presence of known hepatitis or cirrhosis, 
lack of information on platelet counts. The final population 
analyzed consisted of 153 patients.

Data collection

The basel ine data  col lected consisted of  pat ient 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-207/rc
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demographics, body mass index (BMI, a person’s weight 
in kilograms divided by the square of height in meters), 
and disease characteristics. From the first cycle until the 
completion of chemotherapy, data were collected on 
numbers of cycles delivered, spleen sizes, and platelet 
counts. Contrast-enhanced computed tomography (CT) 
studies were performed with a multidetector row-64 CT 
scanner (Light-Speed, GE Healthcare) with a collimation 
of 5 mm. Spleen volume was calculated as vertical diameter 
× transverse diameter × posterior diameter × 0.445+ 
29 (cm3). Thrombocytopenia was defined as a platelet count 
of less than 100,000/mm3. The changes in spleen volumes 
and platelet counts were determined by comparisons with 
the baseline pretreatment values. The distribution of each 
categorical variable was summarized by its frequencies and 
percentages. The distribution of each continuous variable 
was summarized in term of its medians and ranges. Many 
researches have demonstrated that bevacizumab enhances 
the effect of chemotherapy in colorectal cancer. Bevacizumab 
plus oxaliplatin-based chemotherapy and bevacizumab plus 
irinotecan-based chemotherapy are equally effective. And 
the main purpose of this study is to find a safer treatment 
regimen for mCRC patients with a history of schistosomiasis, 
whose platelet counts are more likely to be low. So we didn’t 
consider survival and progression outcomes.

Statistical analysis

The primary end points were the comparisons of the 

6-month cumulative incidence rates of splenic enlargement 
of 10% or greater and thrombocytopenia between 
bevacizumab and non-bevacizumab treatment cohorts. 

Comparison studies between groups were carried 
out with the Fisher exact test and Wilcoxon rank-sum 
test. Time-to-event distributions were estimated by the 
Kaplan-Meier curves, and variable comparisons between 
treatment groups were made using the Log-rank test. The 
Cox proportional hazards regression model was used to 
characterize associations between patient characteristics 
and the incidences of splenomegaly and thrombocytopenia. 
All statistical analyses were performed with Stata 14.0 
(StataCorp., College Station, TX). All statistical tests 
were two-sided, and P<0.05 was considered statistically 
significant.

Results

The baseline characteristics

The final population analyzed consisted of 153 patients, 
including 73 bevacizumab-treated patients and 80 non-
bevacizumab-treated patients. Baseline characteristics 
for the two groups, including age, sex, tumor site, BMI, 
chemotherapy cycles, spleen size, and platelet count, 
were similar (Table 1). The median age of patients was 
63 [51–79] years old for the bevacizumab cohort, and  
58 [53–89] years old for non-bevacizumab cohort (P=0.12). 
Sex (P=0.50) and tumor sites (P=0.33) of patients were 

Table 1 Characteristics of patients involved

Characteristics Bevacizumab cohort (n=73) Non-bevacizumab cohort (n=80) P value

Age, median [range], y 63 [51–79] 58 [53–89] 0.12

Sex, No. (%) 0.50

Female 24 (32.9) 31 (38.8)

Male 49 (67.1) 49 (61.2)

BMI, median (range), kg/m2 21.1 (15.5–29.2) 21.5 (15.9–33.8) 0.64

Tumor site, No. (%) 0.33

Colon 45 (61.6) 43 (53.8)

Rectum 28 (38.4) 37 (46.2)

Chemotherapy cycles, median [range] 6 [6–24] 6 [6–16] 0.68

Baseline spleen size, median (range), cm3 152.2 (74.1–529.6) 150.0 (69.5–410.8) 0.11

Baseline platelet count, median [range], K/μL 162 [77–441] 166 [69–532] 0.90

BMI, body mass index.
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Figure 1  Cumulat ive  incidences  of  splenomegaly  and 
thrombocytopenia. (A) Cumulative incidences of splenomegaly 
defined as 10% or greater increase in spleen volume in the 
BEV and non-BEV groups; (B) Cumulative incidences of 
thrombocytopenia in the BEV and non-BEV groups. BEV, 
bevacizumab.

Table 2 The impact on splenomegaly and thrombocytopenia for the bevacizumab and the non-bevacizumab cohort

Outcomes

Bevacizumab cohort (n=73) Non-bevacizumab cohort (n=80)

P valueOxaliplatin-based 
chemo (n=41)

Irinotecan-based 
chemo (n=32)

P value
Oxaliplatin-based 

chemo (n=57)
Irinotecan-based 

chemo (n=23)
P value

Six-month cumulative incidence rates 
of splenic enlargement of 10%, % [No.]

23.3 [17] 55 [44] 0.01

Six-month cumulative incidence rates 
of thrombocytopenia, % [No.]

43.8 [32] 57.5 [46] 0.40

Six-month cumulative incidence rates 
of splenic enlargement of 10%, % [No.]

19.5 [8] 28.1 [9] 0.59 66.7 [38] 26.1 [6] 0.08

Six-month cumulative incidence rates 
of thrombocytopenia, % [No.]

31.7 [13] 59.4 [19] 0.20 77.2 [44] 8.7 [2] <0.01

Six-month cumulative incidence rates 
of grade 1 thrombocytopenia, % [No.]

22.0 [9] 46.9 [15] 0.16 57.9 [33] 8.7 [2] 0.01

Six-month cumulative incidence rates 
of grade 2 thrombocytopenia, % [No.]

9.8 [4] 12.5 [4] 1.00 19.3 [11] 0 0.06

Six-month cumulative incidence rates 
of grade 3 thrombocytopenia, % [No.]

0 0 – 0 0 –

equally distributed in the two groups. BMI was calculated 
as weight (kg)/(height (m))2, and the median values were 
21.1 (15.5–29.2) for the bevacizumab group and 21.5 
(15.9–33.8) for the non-bevacizumab group (P=0.64). No 
significant differences were found in chemotherapy cycles 
{6 [6–24] vs. 6 [6–16]; P=0.68}, baseline spleen sizes [152.2 
(74.1–529.6) vs. 150.0 (69.5–410.8); P=0.11] (cm3), and 
baseline platelet counts {162 [77–441] vs. 166 [69–532]; 
P=0.90} (K/μL) between the two groups.

Bevacizumab had an impact on the rate of 
thrombocytopenia from chemotherapy

The 6-month cumulative incidence rates of splenic 
enlargement of  10% or greater  (23.3% vs .  55%; 
P=0.002; Figure 1A) and cumulative incidence rates of 
thrombocytopenia (43.8% vs. 57.5%; P=0.203; Figure 1B)  
were lower in the bevacizumab group than the non-
bevacizumab group, however there were no statistical 
differences for the cumulative incidence rates of 
thrombocytopenia (Table 2). The multivariate Cox 
proportional hazard regression model indicated that 
bevacizumab and chemotherapy regimen were independent 
prognostic factors for the patients (Table 3). In the 
bevacizumab-treated cohort, the 6-month cumulative 
incidence rates of thrombocytopenia (31.7% vs. 59.4%; 
P=0.20) and splenic enlargement of 10% or greater (19.5% 
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Table 3 Multivariate Cox regression analyses for cumulative incidence of splenomegaly and thrombocytopenia in Bevacizumab and non- 
Bevacizumab cohort

Characteristics
Cumulative incidence of splenomegaly Cumulative incidence of thrombocytopenia

HR 95% CI P HR 95% CI P

Age 0.99 0.97–1.01 0.42 1.01 0.99–1.03 0.36

Sex 1.50 0.85–2.65 0.16 0.98 0.61–1.58 0.94

BMI 1.02 0.93–1.12 0.68 1.04 0.96–1.13 0.39

Bevacizumab or not 0.43 0.24–0.76 <0.01 0.76 0.48–1.20 0.23

Oxaliplatin or Irinotecan 1.93 1.03–3.63 0.04 1.84 1.06–3.18 0.03

HR, hazard ratio; CI, confidence interval; BMI, body mass index.

Table 4 Characteristics of patients in the oxaliplatin-treated group and the irinotecan-treated group

Characteristics

Oxaliplatin-based chemotherapy (n=98) Irinotecan-based chemotherapy (n=55)

Bevacizumab  
cohort (n=41)

Non-bevacizumab 
cohort (n=57)

P value
Bevacizumab  
cohort (n=32)

Non-bevacizumab 
cohort (n=23)

P value

Age, median [range], y 63 [51–79] 63 [53–80] 0.83 58 [53–79] 62 [55–89] 0.18

Sex, No. (%) 0.27

Female 13 (31.7) 19 (33.3) 1.00 11 (34.4) 12 (52.2)

Male 28 (68.3) 38 (66.7) 21 (65.6) 11 (47.8)

BMI, median (range), kg/m2 20.9 (15.5–28.2) 21.3 (15.9–26.4) 0.62 21.7 (16.8–29.2) 22.9 (18.7–33.8) 0.09

Tumor site, No. (%) 0.41

Colon 24 (58.5) 31 (54.4) 0.84 21 (65.6) 12 (52.2)

Rectum 17 (41.5) 26 (45.6) 11 (34.4) 11 (47.8)

Chemotherapy cycles,  
median [range]

6 [6–24] 6 [6–15] 0.33 6 [6–19] 7 [6–16] 0.23

Baseline spleen size,  
median (range), cm3

174.4 (76.4–382.8) 208.0 (76.7–525.6) 0.35 160.1 (83.5–529.6) 153.6 (101.9–263.7) 0.18

Baseline platelet count, 
median [range], K/μL

159 [77–441] 166 [69–461] 0.84 164 [86–309] 183 [102–532] 0.55

BMI, body mass index.

vs. 28.1%; P=0.59) were lower in the oxaliplatin group than 
the irinotecan group, however there were no statistical 
differences. In the non-bevacizumab treatment cohort, the 
incidence rates of splenic enlargement were similar between 
the two groups (66.7% vs. 26.1%; P=0.08), while the rates 
of thrombocytopenia were lower in the irinotecan group 
(77.2% vs. 8.7%; P<0.01) (Table 2).

Bevacizumab decreased the rate of thrombocytopenia from 
oxaliplatin

Of the  98  pat ients  t rea ted  wi th  oxa l ip la t in  and 
fluoropyrimidine, 41 received bevacizumab. Baseline 
characteristics for the two groups, including age, sex, 
tumor site, BMI, chemotherapy cycles, spleen size, and 
platelet count, were similar (Table 4). The median age of 
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Figure 2 The changes in spleen size and platelet count in the BEV + OXA and OXA subgroups. (A) Cumulative incidences of splenomegaly 
defined as 10% or greater increase in spleen volume in the BEV + OXA and OXA subgroups; (B) maximal percentage change in spleen 
size in the BEV + OXA subgroup; (C) maximal percentage change in spleen size in OXA subgroup; (D) Cumulative incidences of 
thrombocytopenia in the BEV + OXA and OXA subgroups. BEV, bevacizumab; OXA, oxaliplatin.

patients was 63 [51–79] years old for the bevacizumab 
cohort, and 63 [53–80] years old for non-bevacizumab 
cohort (P=0.83). Sex (P=1.00) and tumor sites (P=0.84) 
of patients were equally distributed in the two groups. 
The median values of BMI were 20.9 (15.5–28.2) for the 
bevacizumab group and 21.3 (15.9–26.4) for the non-
bevacizumab group (P=0.62). No significant differences 
were found in chemotherapy cycles {6 [6–24] vs. 6 [6–15]; 
P=0.33}, baseline spleen sizes [174.4 (76.4–382.8) vs. 208.0 
(76.7–525.6); P=0.35] (cm3), and baseline platelet counts 
{159 [77–441] vs. 166 [69–461]; P=0.84} (K/μL) between 
the two groups. In patients treated with oxaliplatin, the 
6-month cumulative incidence rates of splenic enlargement 
of 10% or greater were lower in the bevacizumab-treated 
cohort than in the non-bevacizumab cohort (19.5% vs. 
66.7%; P<0.001; Figure 2A-2C). There was no splenic 
enlargement of more than 20% in the bevacizumab-treated 
cohort. The median time of splenic enlargement of 10% 
or greater in patients treated with oxaliplatin was longer 
in the bevacizumab cohort, but the difference was not 
significant [120 d (4.0 m) vs. 103 d (3.4 m); P=0.85]. The 
6-month cumulative incidence rates of thrombocytopenia 
were lower in the bevacizumab-treated cohort than in 
the non-bevacizumab cohort (31.7% vs. 77.2%; P<0.001;  

Figure 2D), especially for grade 1 thrombocytopenia (22.0% 
vs. 57.9%; P=0.02). The difference was not significant 
for that of grade 2 thrombocytopenia (9.8% vs. 19.3%; 
P=0.40), and there was no grade 3 thrombocytopenia. 
The median time to thrombocytopenia was shorter in the 
bevacizumab-treated cohort than in the non-bevacizumab 
cohort [23 d (0.8 m) vs. 33 d (1.1 m); P=0.02]. In patients 
with liver metastasis, the 6-month cumulative incidence 
rates of splenic enlargement of 10% or greater (26.1% vs. 
60.6%; P=0.14) and thrombocytopenia (43.5% vs. 75.8%; 
P=0.27) were similar in the bevacizumab-treated cohort 
and the non-bevacizumab cohort. In patients without 
liver metastasis, the 6-month cumulative incidence rates 
of splenic enlargement of 10% or greater (11.1% vs. 
75.0%, P=0.01) and thrombocytopenia (16.7% vs. 79.2%, 
P=0.03) were lower in the bevacizumab-treated cohort 
than in the non-bevacizumab cohort. When comparing 
the bevacizumab and non-bevacizumab-treated cohorts in 
patients with splenic enlargement of more than 10%, the 
6-month cumulative incidence rates of thrombocytopenia 
were similar [50.0% (4/8) vs.78.9% (30/38); P=0.54]. In 
patients with reduced splenic volume, the incidence rates 
were also similar [35.0% (7/20) vs. 67.7% (10/15); P=0.37] 
(Table 5).
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Table 5 The impact of bevacizumab on splenomegaly and thrombocytopenia for the oxaliplatin-treated group and the irinotecan-treated group

Outcomes

Oxaliplatin-based chemotherapy (n=98) Irinotecan-based chemotherapy (n=55)

Bevacizumab 
cohort (n=41)

Non-bevacizumab 
cohort (n=57)

P value
Bevacizumab 
cohort (n=32)

Non-bevacizumab 
cohort (n=23)

P value

Six-month cumulative incidence rates of 
splenic enlargement of 10%, % [No.]

19.5 [8] 66.7 [38] 0.01 28.1 [9] 26.1 [6] 1.00

Six-month cumulative incidence rates of 
splenic enlargement of 20%, % [No.]

0 50.1 [29] 0.00 18.8 [6] 17.4 [4] 1.00

Six-month cumulative incidence rates of 
splenic enlargement of 30%, % [No.]

0 27.9 [12] <0.01 6.3 [2] 8.7 [2] 1.00

Median time to splenic enlargement of 10% 
or greater, d (m)

120 (4.0) 103 (3.4) 0.85 130 (4.3) 140 (4.7) 0.80

Six-month cumulative incidence rates of 
thrombocytopenia, % [No.]

31.7 [13] 77.2 [44] 0.02 59.4 [19] 8.7 [2] 0.01

Six-month cumulative incidence rates of 
grade 1 thrombocytopenia, % [No.]

22.0 [9] 57.9 [33] 0.02 46.9 [15] 8.7 [2] 0.04

Six-month cumulative incidence rates of 
grade 2 thrombocytopenia, % [No.]

9.8 [4] 19.3 [11] 0.40 12.5 [4] 0 0.15

Six-month cumulative incidence rates of 
grade 3 thrombocytopenia, % (No.)

0 0 – 0 0 –

Median time to thrombocytopenia, d (m) 23 (0.8) 33 (1.1) 0.02 10 (0.3) 64 (2.1) 0.01

Six-month cumulative Incidence rates of splenic enlargement of 10%, % [No.]

Patients with liver metastasis 26.1 [6] 60.6 [20] 0.14 36.4 [4] 20.0 [2] 0.66

Patients without liver metastasis 11.1 [2] 75.0 [18] 0.01 23.8 [5] 30.8 [4] 1.00

Six-month cumulative Incidence rates of thrombocytopenia, % [No.]

Patients with liver metastasis 43.5 [10] 75.8 [25] 0.27 63.6 [7] 10.0 [1] 0.11

Patients without liver metastasis 16.7 [3] 79.2 [19] 0.03 57.1 [12] 7.7 [1] 0.07

Six-month cumulative Incidence rates of thrombocytopenia, % [No.]

Patients with splenic enlargement of more 
than 10%

50.0 [4] 78.9 [30] 0.54 66.7 [6] 9.1 [1] 0.09

Patients with reduced splenic volume 35.0 [7] 67.7 [10] 0.37 50.0 [7] 8.3 [1] 0.12

Bevacizumab increased the rate of thrombocytopenia from 
irinotecan

Of the 55 patients treated with irinotecan and fluoropyrimidine, 
32 received bevacizumab. Baseline characteristics for the two 
groups, including age, sex, tumor site, BMI, chemotherapy 
cycles, spleen size, and platelet count, were similar (Table 4).  
The median age of patients was 58 [53–79] years old 
for the bevacizumab cohort, and 62 [55–89] years old 
for non-bevacizumab cohort (P=0.18). Sex (P=0.27) and 
tumor sites (P=0.41) of patients were equally distributed 

in the two groups. The median values of BMI were 21.7 
(16.8–29.2) for the bevacizumab group and 22.9 (18.7–33.8) 
for the non-bevacizumab group (P=0.09). No significant 
differences were found in chemotherapy cycles {6 [6–19] vs. 
7 [6–16]; P=0.23}, baseline spleen sizes [160.1 (83.5–529.6) 
vs. 153.6 (101.9–263.7); P=0.18] (cm3), and baseline platelet 
counts {164 [86–309] vs. 183 [102–532]; P=0.55} (K/μL) 
between the two groups. In patients treated with irinotecan, 
the 6-month cumulative incidence rates of splenic 
enlargement of 10% or greater [28.1% vs. 26.1%; P=0.409;  
Figure 3A-3C] and median time to splenic enlargement  
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Figure 3 The changes in spleen size and platelet count in the BEV + IRI and IRI subgroups. (A) Cumulative incidences of splenomegaly 
defined as 10% or greater increase in spleen volume in the BEV + IRI and IRI subgroups; (B) maximal percentage change in spleen size in 
the BEV + IRI subgroup; (C) maximal percentage change in spleen size in the IRI subgroup; (D) Cumulative incidences of thrombocytopenia 
in the BEV + IRI and IRI subgroups. BEV, bevacizumab; IRI, irinotecan.

[130 d (4.3 m) vs. 140 d (4.7 m); P=0.80] were similar 
between the bevacizumab and non-bevacizumab cohorts. 
When we used a higher threshold of 20% (18.8% vs. 17.4%, 
P=1.00) or 30% (6.3% vs. 8.7%, P=1.00), the 6-month 
cumulative incidence rates were also similar between the 
bevacizumab and non-bevacizumab cohorts. The 6-month 
cumulative incidence rates of thrombocytopenia were 
higher in the bevacizumab-treated cohort than in the non-
bevacizumab cohort (59.4% vs. 8.7%; P<0.001; Figure 3D).  
The difference was significant for that of grade 1 
thrombocytopenia (46.9% vs. 8.7%; P=0.04). There was 
no grade 2 thrombocytopenia in the non-bevacizumab 
treatment cohort, and no grade 3 thrombocytopenia 
was found in either of the cohorts. The median time to 
thrombocytopenia was shorter in the bevacizumab-treated 
cohort [10 d (0.3 m) vs. 64 d (2.1 m); P=0.01]. With or 
without liver metastasis, the 6-month cumulative incidence 
rates of splenic enlargement of 10% or greater (with 
liver metastasis: 36.4% vs. 20.0%, P=0.66; without liver 
metastasis: 23.8% vs. 30.8%, P=1.00) and thrombocytopenia 
(with liver metastasis: 63.6% vs. 10.0%, P=0.11; without 
liver metastasis: 57.1% vs. 7.7%, P=0.07) were similar in the 
bevacizumab-treated and non-bevacizumab cohorts. When 
comparing the bevacizumab and non-bevacizumab cohorts 
in patients with splenic enlargement of more than 10%, the 

6-month cumulative incidence rates of thrombocytopenia 
were similar [66.7% (6/9) vs. 9.1% (1/11); P=0.09]. In 
patients with reduced splenic volume, the incidence rates 
were also similar [50.0% (7/14) vs. 8.3% (1/12); P=0.12] 
(Table 5).

Discussion

Human schistosomiasis is a snail-borne disease caused by 
Schistosoma worms and is a serious public health problem 
worldwide. Schistosomiasis threatens 800 million people 
in 78 countries. China has carried out active control 
measures over the past six decades and has made great 
achievements. However, schistosomiasis remains a serious 
issue in China. The eggs of Schistosoma worms deposited 
in liver tissues elicit a granulomatous response that leads 
to periportal fibrosis, liver cirrhosis, portal hypertension, 
splenomegaly, and thrombocytopenia, the reason of 
which might be increased splenic clearance, suppression 
of platelet production in the bone marrow, sequestration 
of platelets in the liver and anti-platelet antibodies 
mediated destruction (17). The baseline platelet counts 
of patients in this study were lower than that of Overman 
et al.’s study (median platelet count: 162 vs. 320 in the 
bevacizumab cohort, 166 vs. 304 in the non-bevacizumab 
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cohort; range of platelet count: 77–441 vs. 161–1,013 in 
the bevacizumab cohort, 69–532 vs. 151–887 in the non-
bevacizumab cohort) (K/μL) (15). This may be because 
schistosomiasis which leads to liver fibrosis, splenomegaly, 
and thrombocytopenia is endemic in Kunshan city. Our 
patients were more likely to encounter thrombocytopenia 
during chemotherapy, therefore they had an increased 
risk of bleeding, treatment delay, and chemotherapy 
dose reduction or discontinuation, and a greater blood 
transfusion requirement. These factors mean that 
evaluating the effect of treatment regimen on platelet 
count was critically important for the patients in our study.

This study showed that bevacizumab decreases the rate 
of thrombocytopenia from oxaliplatin-based chemotherapy 
but increases the rate from irinotecan-based chemotherapy. 
Bevacizumab decreased the rate of splenic enlargement 
from oxaliplatin-based chemotherapy but did not change 
that from irinotecan-based chemotherapy. Results were 
similar when we stratified patients with splenic enlargement 
and shrinkage.

Thrombocytopenia is a prominent side effect during 
oxaliplatin treatment and it occurs in up to 70% of 
patients. Bone marrow suppression, hypersplenism, 
non-immune microangiopathy, and immune-mediated 
thrombocytopen ia  a re  the  ma in  mechan i sms  o f 
thrombocytopenia (18). Thrombocytopenia could also 
be associated with splenic enlargement as a result of 
oxaliplatin-induced HSI (19,20). Sinusoidal injury is 
a disruption of sinusoidal endothelium that leads to 
subsequent collagen deposition in the perisinusoidal 
space and veno-occlusive fibrosis. It may result in 
portal hypertension and splenomegaly with associated 
thrombocytopenia (21,22). Bevacizumab has been found to 
protect against HSI by reducing the extent and incidence 
of sinusoidal dilatation and reducing the incidence of 
perisinusoidal fibrosis and hepatocellular necrosis (23), 
while also reducing the rate of thrombocytopenia and 
the frequency of splenomegaly (24). These previous 
findings are consistent with our current results. We found 
that the 6-month cumulative incidence rates of splenic 
enlargement and thrombocytopenia were lower in the 
bevacizumab-treated cohort than in the non-bevacizumab 
cohort. In patients without liver metastasis, we drew 
similar conclusions. In patients with liver metastasis, the 
rates were lower in the bevacizumab-treated cohort, while 
the differences were not significant. This may be because 
that the protective effect of bevacizumab on oxaliplatin-
induced splenomegaly was attenuated by liver metastasis, 

or because only a small number of patients were involved 
in this study.

Irinotecan, a synthetic analog of camptothecin, is a 
topoisomerase I inhibitor. Its dominant hematologic side 
effect is neutropenia, and thrombocytopenia, when it occurs, 
is usually mild. Reports showed that bevacizumab increases 
the incidence of thrombocytopenia from irinotecan-
based chemotherapy (5% vs. 0%) in patients with mCRC 
(13,14). However, other studies showed that the addition 
of bevacizumab to irinotecan-based chemotherapy did not 
alter the incidence of thrombocytopenia (25-27). Our study 
shows that, in patients treated with irinotecan, the 6-month 
cumulative incidence rates of thrombocytopenia were much 
higher in the bevacizumab-treated cohort than in the non-
bevacizumab cohort. For patients with or without liver 
metastasis, the rates were both higher in the bevacizumab-
treated cohort, though the differences were not significant. 
It is possible that this was caused by the small number 
of patients that were involved in this study. However, 
thrombocytopenia can cause platelet dysfunction and 
consuming it could shorten the platelet half-life and activate 
the compensatory mechanisms of the bone marrow caused 
by bevacizumab. These may be the reasons for the increased 
incidence of thrombocytopenia in the bevacizumab cohort 
treated with irinotecan.

Our study adds evidence to the protective effect 
of bevacizumab as a surrogate for HSI that results in 
thrombocytopenia in mCRC patients in oxaliplatin-induced 
splenomegaly. The data suggests that we can gain a better 
understanding of platelet counts by monitoring the changes 
in spleen size during oxaliplatin-based chemotherapy. 
Additional work is needed to identify patients at the greatest 
risk of oxaliplatin-induced HSI as they would benefit from 
bevacizumab because of its ability to reduce the rate of 
thrombocytopenia. This study also shows that bevacizumab 
increases the incidence of thrombocytopenia from 
irinotecan. More studies are also needed to identify patients 
at the greatest risk of thrombocytopenia, as dose reduction 
or regimen adjustment should be considered for them. 
With a better understanding of the impact of treatment 
regimens on platelet counts, we can select regimens 
that are more suitable for patients, since patients with a 
low baseline platelet count are more likely to encounter 
thrombocytopenia.

To minimize investigator bias in this study, the 
evaluator that calculated the spleen size was blinded to 
the chemotherapy regimens. However, our study still 
has limitations. First, this is a retrospective study, and 
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there might be bias due to unidentified confounders. The 
decision to use bevacizumab was made by the treating 
physician who may have been influenced by additional 
factors. Second, although the patients involved in this study 
had a treatment history for schistosomiasis, they did not 
necessarily have splenomegaly, and it was not easy to assess 
the hepatic fibrosis statements for each patient. Third, 
the number of patients in this study was relatively small. 
Fourth, when treatment was delayed, dose adjustments were 
not only based on platelet count, but also other clinical and 
laboratory factors. We were unable to isolate all the impacts 
of thrombocytopenia upon chemotherapy dose intensity. 
Fifth, the interaction of the impact of schistosomiasis on 
liver fibrosis and thrombocytopenia treated with oxaliplatin 
was unknown. Studies with randomized prospective and 
larger cohorts are needed to confirm our findings.

Conclusions

Bevacizumab decreased the rate of thrombocytopenia 
in the oxaliplatin-based group; however, it increased 
thrombocytopenia in the irinotecan-based group. For 
mCRC patients with a history of schistosomiasis, especially 
for patients with lower platelet count, choosing a regimen 
of bevacizumab with oxaliplatin is potentially effective and 
safer. Further studies are required to verify our findings.
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