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Abstract

AIM

To analyze the survival data between patients dia-
gnosed with right-sided primary (RSP) tumors and
patients diagnosed with left-sided primary (LSP) tumors
after hepatic arterial infusion chemotherapy (HAIC) at
our center.

METHODS

A retrospective analysis of pretreated metastatic
colorectal cancer patients who received HAIC from
May 2006 to August 2015 was conducted. A Cox
proportional hazard regression analysis was used to
assess the long-term survival outcomes. The mean
and median age of patients was 61 years (range 27-85
years). There were 115 males and 53 females in our
study.

RESULTS

One hundred sixty-eight patients were enrolled in
this study. The overall response rate was 28.9% in
LSP patients and 27.3% in RSP patients. The disease
control rate was 76.3% in LSP patients and 69.7% in
RSP patients. The median overall survival in response
to HAIC was 16.3 mo in the LSP arm and 9.3 mo in
the RSP arm (P = 0.164). The median progression-free
survival was 5.7 mo in the LSP arm and 4.2 mo in the
RSP arm (P = 0.851).

CONCLUSION

There was no significant difference in survival between
LSP patients and RSP patients after HAIC. Further pro-
spective studies are needed to confirm these findings.

Key words: Colorectal cancer; Hepatic arterial infusion
chemotherapy; Primary tumor side; Local treatment;
Hepatic metastasis

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study shows that the prognosis of left-
sided colorectal cancer liver metastasis patients is su-
perior to that of right-sided patients, but no significant
difference in survival was found between left-sided
primary and right-sided primary patients in response to
treatment with hepatic arterial infusion chemotherapy.

Zhang HY, Guo JH, Gao S, Chen H, Wang XD, Zhang PJ, Liu P,
Cao G, Xu HF, Zhu LZ, Yang RJ, Li J, Zhu X. Effect of primary
tumor side on survival outcomes in metastatic colorectal cancer
patients after hepatic arterial infusion chemotherapy. World J
Gastrointest Oncol 2018; 10(11): 431-438 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v10/i11/431.htm DOI:
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INTRODUCTION

Colorectal cancer is the third leading cause of cancer
death in both men and women in the Western world!.
In China, the incidence of colorectal cancer is gra-
dually increasing and has become the fourth most fre-
quent cancer in women and the fifth in men™. Gene
expression-based subtyping is now widely accepted as
a predictive model of survival, including the mutually
exclusive RAS and BRAF pathways, as well as the Wnt
pathway™*, In addition, increasing evidence indicates
that patients with a left-sided primary (LSP) tumor have
a survival advantage compared to those with a right-
sided primary (RSP) tumor; indicating that primary lo-
cation could be a predictive factor™. The distinguishing
prognosis is ascribed to differences in biology, pathology,
and epidemiology of colorectal cancer based on primary
tumor location. LSP tumors arise from the hindgut at
their embryological beginnings and are supplied by the
inferior mesenteric artery, while RSP tumors arise from
the midgut and are supplied by the superior mesenteric
artery. There are also biological and molecular pathway
variations between these two subtypes'®”®.

Due to the dissimilar genotype and phenotype of
LSP and RSP tumors, the location of primary tumor has
turned out to be predictive of outcome!'®*!, Subsequent
studies have found that RSP patients have an inferior
outcome in first-line chemotherapy!'?, and targeted
agents, such as anti-epidermal growth factor receptor
(EGFR) monoclonal antibody and anti-vascular EGFR
monoclonal antibody, show differential efficacy in RSP
and LSP patients!>***4,

Metastasis occurs in approximately 50% of patients
during disease!*. Without efficient treatment, me-
tastatic colorectal cancer (mCRC) patients who fail to
respond to systemic chemotherapy only survive ap-
proximately 3.5 mo™®. The survival benefit of third-
line chemotherapies is 4.5-10.5 mo™”, However, inter-
ventional treatments are potential choices for mCRC
patients. Transarterial chemoembolization and hepatic
arterial infusion chemotherapy (HAIC) can achieve a
higher local response rate than systemic chemotherapy
and remain effective when patients have failed to resp-
ond to previous chemotherapy!*®**?!. Chemo-refractory
patients treated with HAIC can survive 7.7-19 mo®>%,
However, no studies have reported the relationship
between the efficacy of HAIC and the primary tumor side.
We gathered survival information on mCRC patients
after HAIC in our center to clarify this issue.

MATERIALS AND METHODS

Study design and patient population
This was a retrospective analysis of the survival and
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efficacy of HAIC in mCRC patients. The primary criteria
for inclusion were as follows: Pathological diagnosis
of adenocarcinoma of the colon or rectum, inoperable
liver metastases or contraindications for liver resection,
systemic chemotherapy failure (experienced at least
first-line chemotherapy previously), treated with HAIC
in our center, and received tumor assessment after HAIC.
Subject demographic variables examined included age,
sex, and survival or censored data. Tumor variables
examined included location, gene status, histologic
grade (well, moderate, or poor), and extrahepatic metas-
tasis. Treatment variables examined included previous
treatment, combined liver radiotherapy or radiofrequency
ablation, and combined molecular targeted drugs.

RSP patients have a tumor site in the cecum, as-
cending colon, hepatic flexure, or transverse colon,
while LSP patients present tumors in the splenic flexure,
descending colon, sigmoid colon, or rectum. Disease eva-
luation was repeated every two cycles using computed
tomography scans, and the Response Evaluation Criteria
in Solid Tumors 1.1 criteria was applied. The primary
end-point of this study was the overall survival (OS)
difference between RSP and LSP patients. Secondary
end-points were progression-free survival (PFS) and
efficacy of several different chemotherapy regimens.
Our retrospective study was in accordance with the
ethical standards of the Beijing Cancer Hospital Ethics
Committee.

Statistical analysis

OS was defined from the first day of HAIC until death
from any cause. PFS was defined from the first day
of HAIC until the first objective observation of disease
progression or death from any cause. The SPSS soft-
ware program (version 19; SPSS, Chicago, IL, United
States) was used for analyses. The Graph Pad Prism 6
program (Graph Pad Software, Inc., La Jolla, CA, United
States) was used to create charts. A Student’s t-test
was used to analyze continuous variables, which are
reported as mean £ SD if normally distributed or as
a median and range if skewed. A 7° test was used to
analyze categorical variables, which are reported as a
proportion (%) of the overall cohort. The Kaplan-Meier
method was used to approximate PFS and OS, and the
significance of survival differences between separate
subgroups was assessed using the log-rank test. The
Cox proportional hazards model was used to determine
the univariate and multivariate hazards ratios for the
study parameters. For all tests, a P-value < 0.05 was
defined as statistically significant.

RESULTS

Patient characteristics

One hundred sixty-eight patients were included in
this study between May 2006 and August 2015. The
median age was 61 years (range 27-85 years), and
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the last follow up day was July 5, 2016. Median follow-
up time was 17 mo. Among all patients included in
this study, 138 patients died, 14 patients were lost
during the follow-up period, and 16 patients were still
alive. There were 135 LSP patients and 33 RSP pa-
tients. Extrahepatic metastases accounted for more
than half of all patients (94/168). There were 17 KRAS
mutation patients and 48 KRAS wild type patients
among LSP tumors. There were eight KRAS mutation
patients and seven KRAS wild type patients among
RSP tumors. The baseline information of patients, dis-
ease, and treatment characteristics by primary tumor
location are shown in Table 1. Eighty-nine (65.9%)
LSP patients were previously administered first-line
systemic chemotherapy, and 46 (34.1%) patients were
given second-line or subsequent therapies. Twenty-
four (72.7%) RSP patients received first-line systemic
chemotherapy, and nine (27.3%) patients received
second-line or subsequent lines of chemotherapy.

Patients were injected with 20-40 mg epirubicin
hydrochloride after routine arteriography by artery
catheter, and iodipin was injected when obvious blood
supply was found in the arteriography. Chemotherapy
agents administered through the catheter after che-
moembolization included oxaliplatin (85 mg/m?) or irin-
otecan (180 mg/m?®) over 4 h, followed by fluorouracil
(2000 mg/m?) administered over approximately 44 h
and cisplatin/fluorouracil (200 mg /m?) over 2-4 h vs
peripheral vein, combined with/without bevacizumab
(7.5 mg/kg) or cetuximab (250 mg/m?). Treatments
were repeated every three weeks. One hundred fifty-
three patients received oxalipatin-based chemothe-
rapy, and only 15 patients received irinotecan-based
chemotherapy. With respect to targeted therapy, 27
(20%) LSP patients were treated with bevacizumab;
while another 13 (9.6%) were treated with cetuximab.
In RSP patients, there were only two patients treated
with bevacizumab and three with cetuximab.

No significant differences were found between RSP
and LSP patients in terms of age, sex, tumor variables,
or treatment variables (Table 1).

Efficacy of HAIC

The overall response rate was 28.9% in LSP patients
and 27.3% in RSP patients. There were 0.7% complete
response (n = 1), 28.9% partial response (n = 39),
47.4% stable disease (n = 64), and 23% progressive
disease (n = 31) in LSP patients. There were 27.3%
partial response (n = 9), 42.4% stable disease (n =
14), and 30.3% progressive disease (n = 10) in RSP
patients The disease control rate was 76.3% in LSP
patients and 69.7% in RSP patients.

Progression-free survival time

Most of the patients (n = 84) who progressed did
so due to liver metastasis, while a small number of
patients (n = 45) progressed due to the progression
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Table 1 Patient characteristics

Variable Left side (» = 135) Right side (7 = 33) P-value
Age, mean (range), years 60.5 (27-85) 63.8 (37-83) 0.392
Men, 1 (%) 95 (70.4) 20 (60.6) 0.279
Previous system treatment, n (%) 0.455
Only first line 89 (65.9) 24 (72.7)
Second line or more 46 (34.1) 9(27.3)
Extrahepatic metastasis, 1 (%) 73 (54.1) 21 (63.6) 0.321
Primary tumor resected, 1 (%) 0.173
No surgery 22 (16.2) 10 (30.3)
Palliative surgery 49 (36.3) 11 (33.3)
Radical surgery 64 (47.4) 12 (36.4)
Synchronous metastases, 1 (%) 103 (76.3) 26 (78.8) 0.761
Gene status, 1 (%) 0.127
KRAS mutation 17 (35.6) 8 (24.2)
KRAS wild type 48 (12.6) 7(212)
Unknown 70 (51.9) 18 (54.5)
Targeted therapy, 1 (%)
Bevacizumab treated 27 (14.8) 2(6.1) 0.21
Cetuximab treated 13 (9.6) 309.1)
Other local treatment, 11 (%) 31 (23) 4 (12.1) 0.169
Repeated times of HAIC, 1 (%) 0.554
2 29 (21.5) 10 (30.3)
3-4 43 (21.9) 10 (30.3)
>6 63 (46.7) 13 (39.4)
HAIC: Hepatic arterial infusion chemotherapy.
(P = 0.155). The median PFS of RSP patients was 4.0
100 - mo in liver progression (n = 16, 57%), 4.4 mo in ex-
trahepatic progression (n = 7, 25%), and 4.4 mo in
both liver and extrahepatic progression groups (n = 5,
s R 18%) (P = 0.986).
2 LSP patients who had only first-line systemic che-
§ 50 motherapy exhibited a median PFS of 5.9 mo, and
9 B those who received second or more lines of treatment
exhibited a median PFS of 4.6 mo (P = 0.001). RSP
patients who had only first-line systemic chemotherapy
0 exhibited a median PFS of 4.4 mo, and those who
T T T T 1
0 5 10 15 20 25 received second or more lines of treatment exhibited a

Survival time (mo)

Figure 1 Overall survival data of patients who received hepatic arterial
infusion chemotherapy treatment (n = 168). The median survival time of left-
sided colorectal cancer liver metastasis patients was 16.3 mo (curve A). The
median survival time of right-sided colorectal cancer liver metastasis patients
was 9.3 mo (curve B).

of extrahepatic metastasis, and another 23 patients
exhibited both liver and extrahepatic metastasis pr-
ogression. Median PFS of all included patients was
5.5 mo (95%CI: 4.9-6.0 mo). The median PFS was
5.7 mo (95%CI: 5.3-6.1 mo) in LPS patients and 4.2
mo (95%CI: 3.2-5.1 mo) in RSP patients, and no sig-
nificant difference was observed between these two
groups (P = 0.851) (Table 2 and Figure 1).

The median PFS of LSP patients was 5.5 mo in liver
progression (n = 67, 54%), 4.7 mo in extrahepatic
progression (n = 39, 31%), and 6.7 mo in both liver
and extrahepatic progression groups (n = 18, 15%)
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median PFS of 2.3 mo (P = 0.018).

OVERALL SURVIVAL TIME

There were 112 out of 135 LSP patients and 26 out of
33 RSP patients who died during the follow-up period.
The median OS from the diagnosis of CRC was 31.4 mo
in LSP patients and 22.2 mo in RSP patients (P = 0.186).
The OS after HAIC was 16.3 mo in LSP patients and 9.3
mo in RSP patients (P = 0.164) (Figure 2).

The median OS after HAIC in patients treated
with HAIC and bevacizumab was 22 mo, and patients
treated with HAIC and cetuximab or HAIC only exhibited
a median OS of 15.4 mo (P = 0.162). LSP patients
treated with HAIC and bevacizumab had a median OS
of 24.5 mo and 15.4 mo in the cetuximab arm (P =
0.053). No significant difference was observed between
the bevacizumab and cetuximab arms. Only two RSP
patients were treated with bevacizumab, and their OS
was 9.3 mo and 13 mo. The three RSP patients treated
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Table 3 Univariate analysis of predictive factor of survival after first hepatic arterial infusion chemotherapy

Variable MST (mo) Univariate analysis P-value
HR 95%Cl
Primary tumor site (right/left) 9.3vs16.3 1.353 0.881-2.079 0.167
Age (> 60/< 60 yr) 16 vs15.5 1.026 0.731-1.440 0.88
Gender (male/female) 16.5vs 13 0.744 0.520-1.063 0.104
Histology (poor/well to moderate) 10.3 vs 15.9 1.706 1.003-2.904 0.049*
Serum CA19-9 (= 37U/mL/< 37 U/mL)" 12.5vs21.2 2.108 1.444-3.076 <0.001*
Serum CA72-4 (= 6.7 U/mL/< 6.7 U/mL)" 13 v520.8 1.605 1.114-2.311 0.011*
Serum CEA (= 5U/mL/< 5 U/mL)" 14.6 vs 21.1 1.428 0.867-2.351 0.162
Extrahepatic metastasis (present/absent) 15.8 vs 15.8 1.172 0.825-1.667 0.376
Time to liver metastasis (synchronous/ metachronous) 14.8 vs 16.5 1.125 0.802-1.580 0.495
Other local treatment (combined/uncombined) 21.1vs14.6 0.651 0.426-0.995 0.047*
Response to HAIC <0.001*
PR 21.9 0.234 0.146-0.375 <0.001*
SD 16.1 0.285 0.185-0.439 <0.001*
PD 7.5 1 1 NA
Infusion agents (OXA/CPT-11) 15.8 vs22.8 1.225 0.660-2.273 0.52

Please define what this symbol represents in the table
legend below

Please define what this symbol represents in the table
legend below

MST: Median survival time; HR: Hazard ratio; HAIC: Hepatic arterial infusion chemotherapy; PR: Partial response; SD: Stable disease; PD: Progressive

disease.
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Figure 2 Progression-free survival data of patients who received hepatic
arterial infusion chemotherapy treatment (n = 168). The median PFS of left
sided colorectal cancer liver metastasis patients was 5.7 mo (curve A). The
median PFS of right sided colorectal cancer liver metastasis patients was 4.2
mo (curve B).

instead of testing all RAS genes; and HAI treatment was
not a first-line treatment in our study. Another study
reported that RAS gene mutations might be influenced
by previous treatment. However, in LSP patients,
bevacizumab treatment showed an obvious advantage
compared with cetuximab, and this advantage could
even be observed in RAS wild-type patients. This
demonstrates that in HAIC treatment, especially in left-
sided colorectal cancer liver metastasis, bevacizumab is
superior to cetuximab.

In comparison with cytotoxic agents, irinotecan
seems superior to oxaliplatin in OS after HAI treatm-
ent. However, in first-line treatment of all patients,
the vast majority received oxaliplatin-based systemic
chemotherapy, so the data could support the conclusion
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that irinotecan is superior to oxaliplatin in HAI treatment.
However, it is worth noting that, as a second-line or
subsequent treatment, HAIC obtained close to 30%
objective remission rates in both LSP and RSP patients
when most patients had previously received oxalipatin.
The overall response rate observed in this study was
obviously superior to second-line systemic chemotherapy
and was similar to systemic therapy treatment using
FOLFOX and bevacizumab (E3200)**, suggesting that
HAIC treatment might be superior to systemic cytotoxic
chemotherapy in second-line conversion therapy for
mCRC.

In conclusion, for HAIC treatment of mCRC, the
survival of patients with left colon cancer remains bett-
er than that of right colon cancer patients. Subgroup
analysis showed that bevacizumab might be superior to
cetuximab, especially in left-sided colorectal cancer liver
metastasis. However, further study is needed on the
optimal dosage and mode of administration of molecular
targeted drugs for HAIC treatment. Both oxaliplatin
and irinotecan achieve considerable objective remission
rates.

ARTICLE HIGHLIGHTS

Research background

Previous studies have shown that left-sided colorectal cancer has a better
survival prognosis than right-sided colorectal cancer. However, whether this
prognosis difference is also present in liver metastasis colorectal cancer (CRC)
patients treated with hepatic arterial infusion chemotherapy (HAIC) is still
unknown.

Research motivation
Our study attempted to analyze for the first time, whether there would be a
difference in survival and overall response rate in liver metastasis CRC patients
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treated with HAIC.

Research objectives
To analyze the overall survival and overall response rate difference of patients
with liver metastasis of left-sided or right-sided colorectal cancer after HAIC.

Research methods

A retrospective analysis of liver metastasis CRC patients from May 2006 to
August 2015 was conducted. Cox proportional hazard regression analysis was
used to assess long-term survival outcomes.

Research results

Overall response rate was 28.9% in left-sided primary (LSP) patients, and
27.3% in right-sided primary (RSP) patients. Disease control rate was 76.3%
in LSP patients and 69.7% in RSP patients. Median overall survival after HAIC
was 16.3 mo in the LSP arm and 9.3 mo in the RSP arm (P = 0.164). Median
progression-free survival was 5.7 mo in the LSP arm and 4.2 mo in the RSP
arm (P =0.851).

Research conclusions
The treatment response rate of HAIC in metastatic CRC patients is similar
when compared by different primary tumor site. LSP patients seemed to have
a superior survival compared to RSP patients when treated by HAIC but no
significant difference was found.

Research perspectives
Further large sample size and multi-center prospective studies are needed to
confirm the conclusion of this study.
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