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Irinotecan, a topoisomerase inhibitor, is a common cytotoxic agent prescribed for metastatic colorectal cancer 
(mCRC) patients. Diarrhea is the most common adverse event (AE). The underlying mechanism of irinotecan-
induced diarrhea is intestinal mucosal damage caused by SN-38 (active metabolite of irinotecan) hydrolyzed 
from SN-38G (inactive metabolite) by bacterial b-glucuronidase (bG). According to an animal study, silymarin 
reduces the activity of bacterial bG without impairing antitumor efficacy. We conducted a prospective open-
label pilot study to evaluate the effect of silymarin as supplementation in reducing toxicities of mCRC patients 
undergoing irinotecan-based chemotherapy. We enrolled and randomized 70 mCRC patients receiving first-line 
FOLFIRI (5-fluorouracil/leucovorin/irinotecan) plus bevacizumab. In each treatment cycle, the study group 
was administered silymarin capsules (150 mg) three times daily for 7 days. The study group experienced less 
AEs in diarrhea (5.7% vs. 14.6%, p = 0.002) and nausea (27.0% vs. 40.2%, p = 0.005) in comparison with the 
control group, but no significant differences in hepatic toxicities were observed. In conclusion, simultaneous 
administration of silymarin is a potential effective supplementation for reducing toxicities in mCRC patients 
undergoing first-line FOLFIRI plus bevacizumab, especially in diarrhea and nausea.
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INTRODUCTION

Irinotecan, a topoisomerase inhibitor that interrupts 
deoxyribonucleic acid (DNA) replication in cancer cells, 
is a cytotoxic agent commonly prescribed for metastatic 
colorectal cancer (mCRC) patients. The most common 
adverse reaction to irinotecan is bone marrow suppres-
sion through anemia (60% to 97%), leukopenia (63% to 
96%), thrombocytopenia (96%), and neutropenia (30% to 

96%), which is followed by diarrhea (late: 83% to 88%; 
early: 43% to 51%)1. Such adverse events (AEs) may 
interfere with a patient’s treatment course and quality of 
life. Irinotecan-induced diarrhea is of two types: early 
onset (beginning within 24 h), which is mild, transient, 
and part of a broader cholinergic syndrome that may be 
prevented by intravenous administration of atropine, and 
delayed onset diarrhea (beginning after more than 24 h of 
infusion), which appears to be multifactorial and includes 
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dysmotility and secretory factors2,3. The underlying mech-
anism of irinotecan-induced delayed diarrhea is intestinal 
mucosal damage caused by SN-38 (the active metabo-
lite of irinotecan), which is hydrolyzed from SN-38G 
(the inactive metabolite) by bacterial b-glucuronidase 
(bG)4–8. At the present time, the intestinal bacterial micro-
flora is one of the reasons causing damage to the intes-
tinal mucosa because of their capacity of transforming 
the SN-38G in SN-38 in the intestinal lumen. Thus, the 
methods to eradicate intestinal microflora or reduce the 
activity of intestinal bacterial bG seem to be a reason-
able mechanism to reduce such transforming capacity. 
Takasuna et al. reported using penicillin plus streptomy-
cin to decrease accumulation of SN-38 in the large intes-
tine of a rat9. Likewise, Kehrer et al. reported reduced 
irinotecan-induced intestinal toxicity after prescribing the 
oral form neomycin in seven colorectal patients10. Cheng 
et al. suggested that TCH-3562, another inhibitor of bG, 
had protective effects against irinotecan-induced diarrhea 
without interfering with the therapeutic efficacy of irino-
tecan in tumor-bearing mice11.

Silymarin is a bioflavonoid complex extract from 
Silybum marianum Gaertneri (common name: milk 
thistle) composed of various flavonolignans and discov-
ered in 195212. Standardized silymarin products must 
have 30%–65% silymarin content, which is composed 
of 20%–45% silychristin and silydianin, 40%–65% sily-
bins A and B, and 10%–20% isosilybins A and B13. This 
compound has been used for more than 2,000 years to 
treat cirrhosis and hepatitis and to protect the liver against 
toxins. Various studies performed in animals and humans 
have confirmed that silymarin and particularly its active 
ingredient, silybin, exert prominent antioxidant effects 
through free radical scavenging and inhibition of lipid 
peroxidation14,15. Silymarin inhibits lipid peroxidation 
and exerts antioxidant, anti-inflammatory, antifibrotic, 
immunomodulatory, and membrane-stabilizing effects; it 
is also able to regenerate the liver in experimental models 
of hepatic diseases16.

Kim et al. showed that silybin, a compound of sily-
marin, inhibited bG activity in rat intestinal bacteria, 
HGU-1 and HGU-2, and Escherichia coli HB101 non-
competitively17. Moreover, bG expression in the feces of 
a healthy individual and of an individual with colon can-
cer was also inhibited by silybin and silymarin. Silymarin 
has been used as an antioxidant to treat liver disease for 
many years and is well tolerated and safe to prescribe14. 
To the best of our knowledge, there is no case report or 
clinical trial working on the effect of silymarin as supple-
mentation in mCRC patients treated with irinotecan-based 
therapy. Herein, we conducted a prospective open-label 
pilot study to evaluate the effect of supplemental sily-
marin in mCRC patients treated with irinotecan-based 
chemotherapy.

MATERIALS AND METHODS

Study Design and Ethics

The present study, a prospective open-label pilot 
study, was approved by the institutional review board of 
our hospital [KMUHIRB-F(II)-20160038] and registered 
on ClinicalTrials.gov (identifier: NCT03130634) before 
participants were enrolled. The Declaration of Helsinki 
and International Council for Harmonisation-Clinical 
Research Practice (ICH-GCP) were followed. All evalu-
ations were conducted at our hospital from September 
2016 to July 2019. Written informed consent was obtained 
from each patient before screening. 

Sample Size Estimation

Each patient had six cycles of therapy, and we took 
AE in each cycle as one event (per-cycle AEs). Based on 
our unpublished preliminary data, null [H(0)] and alter-
native [H(A)] hypothesis were following: H(0)—absence 
of any grade diarrhea in 85% of patients; H(A)—absence 
of any grade diarrhea in 94% of patients. Three hun-
dred sixty-two samples (181 cycles in each group) were 
needed to achieve 80% power to detect a difference 
between the group proportions (for any grade diarrhea) 
of 9% at the significance level of 0.0518. The proportion 
of patients without any grade diarrhea in the study group 
was assumed to be 85% under the null hypothesis and 
94% under the alternative hypothesis. The proportion of 
patients without any grade diarrhea in the control group 
was 85%. The test statistic used was the two-sided Z-test 
with pooled variance. Because of the expected 15% ineli-
gibility, the proposed number of samples was 416. In the 
end, we enrolled 70 patients, which we assumed provided 
420 cycles of treatment for statistical analysis. All analy-
ses were performed on an intention-to-treat basis.

Study Participants

A study flow diagram is presented in Figure 1. A total 
of 70 mCRC patients were evenly assigned into study and 
control groups between September 2016 and July 2019. 
The participants were randomized using sealed, opaque, 
individually numbered envelopes. The envelopes con-
tained data sheets with information on group allocation 
and a randomization number generated by a statistician 
with SAS 9.4 (SAS Institute, Cary, NC, USA).

Eligibility Criteria

Inclusion criteria were defined as follows: (1) age 
between 20 and 80 years, and (2) confirmed mCRC 
patients scheduled to receive first-line systemic therapy 
with FOLFIRI plus bevacizumab. Patients with the fol-
lowing criteria were excluded: (1) pregnant or lactating; 
(2) allergy, sensitivity, or contraindication to irinotecan, 
silymarin, or any ingredient of the medications used in 
the study; (3) viral hepatitis or a carrier or impaired liver 
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function with unknown etiology; (4) a severe comorbid-
ity; or (5) Eastern Cooperative Oncology Group (ECOG) 
performance status equal to or greater than 319.

Investigational Medications

According to the treatment guideline in our hospi-
tal, the recommended first-line chemotherapy regimen 
is FOLFIRI. In this study, all the patients also received 
bevacizumab as biological therapy. In our treatment set-
ting, all mCRC patients were hospitalized every 14 days 
and received six cycles of biological therapy with beva-
cizumab (5 mg/kg) followed by the standard FOLFIRI 
regimen at a dose of 180 mg/m2 irinotecan and 200 mg/m2 
leucovorin as intravenous infusion over 2  h followed by 
fluorouracil (2,800 mg/m2 as intravenous infusion over 
a 46-h period). Prophylactic atropine 0.25 mg was pre-
scribed just before infusion of irinotecan to prevent acute 
cholinergic syndrome for every patient. According to our 
clinical observations, most delayed onset toxicities will 
develop within 7 days after FOLFIRI infusion. Therefore, 
we assumed to prescribe silymarin for a duration of 7 
days, and the dose of silymarin was 150 mg three times 
daily according to package insert. At the initiation of each 
cycle (i.e., at the beginning of chemotherapy), one cap-
sule of silymarin (150 mg) was administered orally three 
times a day for 7 days to the study group, whereas the 
control group received FOLFIRI plus bevacizumab only. 
The NutriMate silymarin capsules (300 mg Extr. Fructus 
Cardui Mariae extract equivalent to 150 mg silymarin) 
were produced by Taiwan Biotech Co. Ltd. (Taoyuan 
City, Taiwan).

Primary and Secondary Endpoint

The primary endpoint was the incidence of gastrointes-
tinal (GI) toxicities. The AEs were monitored and graded 
according to the Common Terminology Criteria for 
Adverse Events version 4.03 (https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/ctc.htm) of 
the National Cancer Institute. The secondary endpoints 
were median progression-free survival (PFS) and over-
all survival (OS) of these patients. All the analyzed data 
were contributed from the medical chart record. Patient-
reported outcomes were collected by medical records 
through outpatient visit or telephone contact. The dos-
age of additional antidiarrheal drugs was also recorded. 
Patient diary and compliance of study drug were not 
evaluated.

Safety Assessment

The following safety-related parameters and events 
were recorded and evaluated for both groups among the 
hospitalization in each cycle during the study period: 
vital signs, concomitant medications, and AEs occurring 
after the administration of the investigated medications. 
If any severe AEs occurred (of grade equal to or greater 
than 3), the chemotherapy and concomitant medications 
were to be postponed until the AE grade was relieved to 
equal to or less than 2. Patients received full supportive 
care during the study including antidiarrheal drugs (lop-
eramid, diosmectite, mepenzolate, and dicyclomine), 
antiemetics, and analgesics when appropriate as a stan-
dard of care.

Figure 1. Study flow diagram of mCRC patients.
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Statistical Analysis

PFS was defined as the time elapsed between the first 
treatment and documented disease progression or death of 
a patient. OS was defined as the time elapsed between the 
first treatment and death of a patient due to any cause. 
Continuous variables were represented as means ± stan-
dard deviations, and dichotomous variables as numbers 
and percentage values. All statistical analyses were per-
formed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA). 
Patient profiles and AE results were compared using the 
Pearson chi-square test, survival rates were estimated 
using the Kaplan–Meier method, and the log rank test was 
used to compare time-to-event distributions. A value of 
p < 0.05 was considered statistically significant.

RESULTS

Seventy mCRC patients were enrolled and randomized 
evenly to each group. The clinical profiles of seven mCRC 

patients are summarized in Table 1. The patients’ median 
age was 60.5 years (range from 24 to 83), and 62.9% were 
female. There were 72.9% of mCRC patients with left 
side colon cancer, and the most frequent metastatic site 
was the liver (38.6%), followed by the lung (12.9%) and 
distant lymph nodes (11.4%), and 22.9% of patients pre-
sented at least two metastatic sites. The other metastatic 
sites included the adrenal gland, ovary, spleen, prostate, 
and urinary bladder. ECOG performance status was better 
in the control group (p = 0.003), but all mCRC patients 
were suitable for receiving chemotherapy and 90% of 
them went through the six-cycle therapy completely. The 
collectible somatic, germline, and tumor genetic pro-
files revealed nonsignificant differences between the two 
groups in BRAF mutation (2.9% vs. 11.8%, p = 0.163), 
mutant UGT1A1 genotype (28.6% vs. 22.9%, p = 0.314), 
and positive expression of epidermal growth factor recep-
tor (100.0% vs. 97.1%, p = 0.484), but the study group had 

Table 1. Patient Profiles

Study [n (%)] Control [n (%)] All [n (%)] p Value

Patients 35 35 70
Age 0.918

Mean (SD) 61.5 (9.8) 61.2 (13.0) 60.9 (11.6)
Median (range) 61 (40–79) 61 (24–83) 60.5 (24–83)

Gender 1.000
Male 13 (37.1%) 13 (37.1%) 26 (27.1%)
Female 22 (62.9%) 22 (62.9%) 44 (62.9%)

Primary tumor site 0.788
Right 10 (28.6%) 9 (25.7%) 19 (27.1%)
Left 25 (71.4%) 26 (74.3%) 51 (72.9%)

Metastatic site 0.812
Liver 13 (37.1%) 14 (40.0%) 27 (38.6%)
Lung 6 (17.1%) 3 (8.6%) 9 (12.9%)
Distant lymph nodes 3 (8.6%) 5 (14.3%) 8 (11.4%)
Bone 1 (2.9%) 2 (5.7%) 3 (4.3%)
Other 3 (8.6%) 4 (11.4%) 7 (10.0%)
Multiple 9 (25.7%) 7 (20.0%) 16 (22.9%)

ECOG performance status 0.003
0 4 (11.4%) 15 (42.9%) 19 (27.1%)
1 31 (88.6%) 20 (57.1%) 51 (72.9%)

KRAS status 0.001
Wild 9 (25.7%) 22 (64.7%) 31 (44.9%)
Mutant 26 (74.3%) 12 (35.3%) 38 (55.1%)

BRAF status 0.163
Wild 33 (97.1%) 30 (88.2%) 63 (92.6%)
Mutant 1 (2.9%) 4 (11.8%) 5 (7.4%)
No data 1 1 2

UGT1A1 status 0.314
Wild (6/6) 25 (71.4%) 27 (77.1%) 52 (74.3%)
Mutant (6/7) 10 (28.6%) 8 (22.9%) 18 (25.7%)

EGFR status 0.484
Positive 35 (100.0%) 34 (7.1%) 69 (98.6%)
Negative 0 (0.0) 1 (2.9%) 1 (1.4%)

Abbreviations: SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal 
growth factor receptor.
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higher frequency of KRAS mutation than did the control 
group (74.3% vs. 35.3%, p = 0.001).

Thirty-two patients in the study group completed 
the six cycles of treatment, which counted for 192 sam-
ples. Thirty-one patients in the control group completed 
the six cycles, which counted for 186 samples. Three 
patients in the study group and four patients in the con-
trol group were unable to complete six cycles of treat-
ment. According to the basis of intention to treat, we also 

counted the completed treatment cycles of these seven 
patients for further analysis. In the result, the study group 
had 204 samples, and the control group had 199 samples 
for further statistical analysis.

Because the occurrence of severe AEs (grade equal to 
or greater than 3) was limited (Table 2), the severity of 
AEs could be compared between two groups. The inci-
dences of any grade AEs were compared and analyzed 
(Table 3). Among GI toxicities, the study group had less 

Table 2. Adverse Events of 70 mCRC Patients

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Adverse Events
Study 

[n (%)]
Control 
[n (%)]

Study 
[n (%)]

Control 
[n (%)]

Study 
[n (%)]

Control 
[n (%)]

Study 
[n (%)]

Control 
[n (%)]

Study 
[n (%)]

Control 
[n (%)]

Gastrointestinal toxicities
Diarrhea 193 (94.6) 170 (85.4) 7 (3.4) 17 (8.5) 4 (2.0) 8 (4.0) 0 4 (2.0) 0 0
Nausea 149 (73.0) 119 (66.5) 48 (23.5) 62 (31.2) 7 (3.4) 16 (8.0) 0 2 (1.0) 0 0
Vomiting 181 (88.7) 168 (48.1) 15 (7.4) 15 (7.5) 8 (3.9) 13 (6.5) 0 3 (1.5) 0 0

Hepatic toxicities
Increased SGOT level 168 (82.4) 173 (86.9) 31 (15.2) 21 (10.6) 5 (2.5) 3 (1.5) 0 1 (0.5) 0 1 (0.5)
Increased SGPT level 175 (85.8) 173 (86.9) 27 (13.2) 24 (12.1) 2 (1.0) 0 0 1 (0.5) 0 1 (0.5)

Hematologic toxicities
Leukopenia 152 (74.5) 126 (63.3) 41 (20.1) 47 (23.6) 11 (5.4) 25 (12.6) 0 1 (0.5) 0 0
Anemia 44 (21.6) 68 (34.2) 115 (56.4) 98 (49.2) 45 (22.1) 33 (16.6) 0 0 0 0

Abbreviations: SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase.

Table 3. Occurrence Rate of Toxicities Between Two Groups

Adverse Events Study Control p Value

Gastrointestinal toxicities
Diarrhea 0.002

Yes 11 (5.4%) 29 (14.6%)
No 193 (94.6%) 170 (85.4%)

Nausea 0.005
Yes 55 (27.0%) 80 (40.2%)
No 149 (73.0%) 119 (59.8%)

Vomiting 0.205
Yes 23 (11.3%) 31 (15.6%)
No 181 (88.7%) 168 (84.4%)

Hepatic toxicities
Increased SGOT level 0.202

Yes 36 (17.6%) 26 (13.1%)
No 168 (82.4%) 173 (86.9%)

Increased SGPT level 0.737
Yes 29 (14.2%) 26 (13.1%)
No 175 (85.8%) 173 (86.9%)

Hematologic toxicities
Leukopenia 0.015

Yes 52 (25.5%) 73 (36.7%)
No 152 (74.5%) 126 (63.3%)

Anemia 0.005
Yes 160 (78.4%) 131 (65.8%)
No 44 (21.6%) 68 (34.2%)

Abbreviations: SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum 
glutamic pyruvic transaminase.
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diarrhea (5.4% vs. 14.6%, p = 0.002) and nausea (27.0% 
vs. 40.2%, p = 0.005) than the control group. The study 
group had less leukopenia (25.5% vs. 36.7%, p = 0.015) 
but more anemia (78.4% vs. 65.8%, p = 0.005) than con-
trol group among hematologic toxicities. No statistical 
differences were noted in the two groups with regard to 
the symptom of vomiting and hepatic toxicities (all p > 
0.005).

The median PFS between two groups were 12.6 months 
[95% confidence interval (CI): 10.0–15.2] versus 11.7 
months (95% CI: 10.3–13.2, p = 0.434) (Fig. 2); the OS 
was 36.4 months (95% CI: 20.1–52.8) versus 23.0 months 
(95% CI: 19.0–26.9, p = 0.513) (Fig. 3). Not only had the 
numbers of patients who ever used antidiarrheal medica-
tions but also the consumption of medication dosage had 
no statistical differences (all p > 0.005) (Table 4).

DISCUSSION

The FOLFIRI regimen revealed its benefit as first-line 
treatment for mCRC patients20; however, irinotecan fre-
quently induces neutropenia and diarrhea, affecting the 
treatment course. A previous study reported late onset 
diarrhea occurred in 87% advanced colorectal cancer 

(CRC) patients who received fluorouracil-based chemo-
therapy plus irinotecan (350 mg/m2) and 39% patients 
had grades 3–4 diarrhea21. In recent decade, the use of 
FOLFIRI plus bevacizumab as first-line therapy in 
advanced CRC patients disclosed the incidences of any 
grade and grades 3–4 diarrhea being 35.8%–62.0% and 
5.0%–15.0%, respectively, in Western countries22–28, and 
17.8%–54.0% and 2.6%–9.0%, respectively, in Asian 
countries29–33. In this study, the incidences of any grade 
and grades 3–4 diarrhea in the control group were 14.4% 
and 2.2%, respectively. The evolution and modification 
of chemotherapy and the racial difference may be an 
explanation to such difference in diarrhea incidence, but 
it still needs further investigation to prove it.

Many potential approaches to reducing incidence of 
irinotecan-induced late onset diarrhea have been tested, 
including schedule/dose modification, intestinal alkaliza-
tion, structural/chemical modification, genetic testing, 
antidiarrheal therapies, transporter (ABCB1, ABCC2, and 
BCRP2) inhibitors, enzyme (bG, UGT1A1, CYP3A4, 
carboxylesterase, and COX-2) inducers and inhibi-
tors, probiotics, antibiotics, adsorbing agents, cytokine 
and growth factor activators and inhibitors, and other 

Figure 2. Kaplan–Meier survival analysis of the progression-free survival of two groups (p = 0.434).
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miscellaneous agents3. However, these approaches may 
cause other problems, such as constipation, drug resis-
tance, a high economic burden, or other drug-related side 
effects. 

In our study, the mCRC patients who received sily-
marin as supplementation experienced a significant 
reduction in the occurrence of diarrhea; moreover, the 
occurrence of nausea was also markedly decreased. The 
study group had longer survival periods than the control 
group in either PFS (12.6 months vs. 11.7 months) or OS 
(36.4 months vs. 23.0 months). Besides, the patients of 
the study group have more KARS mutations (75%) and 

worse ECOG performance status (>0: 90.6%) than the 
control group. Such differences may affect the interval 
to disease progression in the study group. However, 
PFS and OS revealed no significant statistical difference 
between the two groups, which may imply such differ-
ences in KRAS mutation, ECOG status, and silymarin 
supplementation may not interfere with the survival of 
mCRC patients undergoing first-line FOLFIRI plus beva-
cizumab regimen.

In the present study, no severe liver function impair-
ment occurred in both groups, but the study group has 
a higher proportion of grade 1 liver toxicities without 

Table 4. Additional Consumption of Antidiarrheal Medications Between Two Groups

Study (n = 35) Control (n = 35) p Value

Use of antidiarrheal drugs 0.615
Yes 24 (68.6%) 22 (62.9%)
No 11 (31.4%) 13 (37.1%)

Loperamide (mg) [mean (SD)] 15.1 (48.8) 27.1 (58.3) 0.354
Diosmectite (g) [mean (SD)] 68.2 (117.9) 82.0 (130.3) 0.644
Mepenzolate (mg) [mean (SD)] 13.5 (44.7) 80.6 (222.8) 0.089
Dicyclomin (mg) [mean (SD)] 0 8.6 (38.2) 0.193

Figure 3. Kaplan–Meier survival analysis of the overall survival of two groups (p = 0.513).
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statistical difference. Therefore, silymarin revealed little 
hepatic function protective effect in our study. The rela-
tively low incidence of liver dysfunction in both groups 
might explain this result. 

Leukopenia and anemia are two common hematologic 
toxicities caused by irinotecan. In our study, the study 
group experienced less leukopenia but more anemia. 
Currently, no studies focus on the influence of silymarin 
in bone marrow suppression caused by irinotecan. The 
effect of silymarin on hematologic toxicities in our study 
is ambiguous, and it might need a large-scale study for 
further investigation.

The limitations of the study are threefold. First, it was 
not double blind, and a placebo effect cannot be elimi-
nated. Second, the study was limited with only 70 mCRC 
patients in a single institution in an Asian country and 
should be expanded to include patients in other institu-
tions (or even Caucasian mCRC patients), and some of 
the 70 mCRC patients were not completely evaluated 
for six cycles of the treatment course. Third, we may 
need a patient diary to assess patients’ compliance and 
patient-reported outcomes to make our assessment of 
the primary endpoint more complete. Fourth, no animal 
model investigation was performed to explore underlying 
mechanisms.

In summary, silymarin supplementation can reduce 
the occurrence of diarrhea and nausea in mCRC patients 
undergoing first-line FOLFIRI plus bevacizumab. 
Silymarin (150 mg) three times daily from the beginning 
of chemotherapy for 7 days is an effective and well-toler-
ated supplementation that does not interfere with antitu-
mor efficacy for mCRC patients.
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