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Continuing anti-EGFR monoclonal  
antibody after secondary resection  
significantly prolongs overall survival for  
patients with metastatic colorectal cancer  
who were responsive to first-line anti-EGFR  
monoclonal antibody plus chemotherapy doublet
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Abstract: The combination of anti-epidermal growth factor receptor (EGFR) monoclonal antibodies (mAb) and dou-
blet chemotherapy is the standard first-line treatment for patients with wild-type RAS/BRAF metastatic colorectal 
cancer (mCRC). Some patients may require secondary resection after first-line treatment. However, it remains un-
clear whether targeted therapy should be continued after liver resection. To investigate whether targeted therapy 
can be spared after secondary resection, we retrospectively analyzed data from the Taiwan National Health Insur-
ance Research Database for patients with wild-type KRAS mCRC who received first-line anti-EGFR mAb plus doublet 
chemotherapy. Between 2013 and 2018, 5694 mCRC patients were screened, with 174 meeting the eligibility 
criteria and being enrolled in this study. Among them, 153 patients continued anti-EGFR mAb after secondary resec-
tion. These patients demonstrated a significant improvement in overall survival (OS) but not in time to treatment fai- 
lure. Postresection anti-EGFR mAb conferred OS benefits compared to no anti-EGFR mAb (43.17 vs. 31.41 months; 
P = 0.0064). When stratified by assessment period, OS was longer in patients assessed between 2016 and 2018 
than in those assessed between 2012 and 2015 (not reached vs. 39.87 months; P = 0.1819). However, no signifi-
cant difference was observed in time to treatment failure when stratified by assessment period or primary tumor 
location. A multivariate analysis revealed that postresection anti-EGFR mAb was an independent predictor of pro-
longed OS. In conclusion, for mCRC patients who have undergone secondary resection after first-line anti-EGFR 
mAb plus doublet chemotherapy, continuing anti-EGFR mAb may significantly extend OS, regardless of the primary 
tumor location.

Keywords: Metastatic colorectal cancer, secondary surgery, epidermal growth factor receptor, monoclonal anti-
body, doublet chemotherapy
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Introduction

Colorectal cancer (CRC) is the second leading 
cause of cancer-related mortality worldwide. In 
Taiwan, the annual numbers of new CRC cases 
and CRC deaths are approximately 15,000 and 
5000, respectively [1, 2]. The incidence of CRC 
continues to increase in Taiwan. The primary 
treatment for early-stage CRC is surgery with  
or without adjuvant chemotherapy. However, 
approximately 25% of all patients with CRC 
develop metastasis at initial diagnosis, and 
approximately 50% of all patients with CRC 
develop metastasis, increasing the rate of  
CRC-related mortality [3]. The current medical 
interventions for metastatic CRC (mCRC) main-
ly comprise anti-vascular endothelial growth 
factor and anti-epidermal growth factor recep-
tor (EGFR) mAb. Several drugs, such as bevaci-
zumab, cetuximab, panitumumab, aflibercept, 
and regorafenib, have been approved for  
mCRC treatment [1, 4, 5]. The pan-Asian guide-
lines from the European Society for Medical 
Oncology recommend targeted therapy plus 
doublet chemotherapy as the standard first- 
line treatment for patients with mCRC. The 
presence of the RAS mutation should be test- 
ed in all patients during mCRC diagnosis [6]. 
Approximately 50% and < 5% of all patients 
with mCRC carry RAS and BRAF mutations, 
respectively; these patients do not respond to 
anti-EGFR mAb [7, 8]. The remaining 45% 
patients carry wild-type RAS; these patients, 
particularly those with left-sided tumors, 
receive anti-EGFR mAb plus doublet chemo-
therapy [9-12].

The liver is the predominant site for CRC me- 
tastasis. Approximately 30% of all patients with 
CRC with liver metastasis (CRLM) exhibit ex- 
tended overall survival (OS) after liver surgery 
[13]. A cure rate of 16% has been observed in 
patients with CRLM, who became eligible for 
surgery after conversion chemotherapy [14]. In 
the LiverMetSurvey, patients receiving first-line 
systemic therapy exhibited the highest conver-
sion rate, and the results indicate that the  
likelihood of cure is the highest after first-line 
conversion chemotherapy [15]. Among the two 
categories of targeted therapy, anti-EGFR mAb 
provides improved response rates and tumor 
shrinkage percentages [16]. Thus, anti-EGFR 
mAb plus chemotherapy is preferred when con-
sidering conversion surgery for patients with 
mCRC [3, 9].

To the best of our knowledge, no standard 
guideline is available for determining whether 
patients with CRLM should continue targeted 
therapy after liver surgery [17]. The National 
Comprehensive Cancer Network recommends 
only FOLFOX, without any targeting agents, for 
patients with initially resectable CRLM. Few 
studies involving patients undergoing conver-
sion surgery have evaluated the efficacy of 
incorporating targeted therapy into the postop-
erative treatment regimen [18-20]. In several 
prospective controlled trials, if patients with 
CRLM were not selected for conversion sur- 
gery, they received postoperative therapy. 
Some post hoc studies have not defined the 
duration of postmetastasectomy treatment 
[21, 22]. Although the phase III New EPOC  
trial evaluated the efficacy of combining anti-
EGFR mAb with perioperative chemotherapy, 
this trial focused on patients with initially 
resectable CRLM [22].

We previously examined chemotherapy regi-
mens after primary resection [17]. In the pres-
ent study, we analyzed the benefits of postop-
erative anti-EGFR mAb for obtaining valuable 
insights for clinical practice.

Methods

Data source

This was a retrospective, nationwide, popula-
tion-based, cohort study. Relevant data were 
collected by linking three nationwide databas-
es: the National Health Insurance Research 
Database (inpatient and outpatient prescrip-
tions), Taiwan Cancer Registry (patient demo-
graphics and disease status), and National 
Death Registry (death records). Data were 
retrieved from the Health and Welfare Data 
Science Center, Ministry of Health and Welfare, 
Taiwan. The process of data retrieval and the 
applicability of these databases to our re- 
search have been described previously [17, 23, 
24]. Patients’ personal data in these nation-
wide databases were deidentified, ensuring 
data anonymity. Results applying to < 3% of  
the target group were not processed to en- 
sure privacy. The study was approved by the 
Institutional Review Board of National Taiwan 
University Hospital (Approval number: NTUH-
REC No.: 202206062W). Written informed  
consent was waived due to the retrospective 
nature of the study.
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points, such as treatment duration or progres-
sion-free survival. Continuous variables were 
compared using the independent t or Wilcoxon 
rank-sum test and are presented in terms of 
mean ± standard deviation values. Categorical 
variables were compared using the chi-square 
or Fisher exact test and are presented in terms 
of frequency and percentage values. OS and 
TTF were estimated using the Kaplan-Meier 
method. Between-group differences were 
determined using a log-rank test. To identify 
potential predictors of OS and TTF, we would 
apply univariate Cox proportional-hazards mo- 
del first. To eliminate possible confounding fac-
tors and any interactions among factors, we 
would also apply multivariate Cox proportional-
hazards model subsequently. A two-sided P 
value of < 0.05 indicated statistical signifi-
cance. All analyses were performed using SAS 
(version 9.4; SAS Institute, Cary, NC, USA).

Results

Patient demographics

This study included 174 patients. The CON- 
SORT diagram is presented in Figure 1. A total 
of 154 patients (87.9%) continued anti-EGFR 
mAb plus chemotherapy after secondary sur-
gery, whereas 21 (12.1%) received only chemo-
therapy (Table 1). The median follow-up dura-
tion was 36.5 months in the postoperative 
anti-EGFR mAb group and 29.3 months in the 
chemotherapy-only group. No significant be- 
tween-group difference was observed in the  
following baseline characteristics: age, sex,  
primary tumor location, initial tumor stage, hos-
pital area, and hospital level. The treatment 
duration was longer in the chemotherapy-only 
group than in the postoperative anti-EGFR  
mAb group (17.1 vs. 10.1 months; P < 0.0001). 
The death rate was lower in the post-operative 
anti-EGFR mAb group (52.3% vs. 81.0%; P = 
0.0064).

Treatment outcomes

The median OS was longer in the postoperative 
anti-EGFR mAb group than in the chemothera-
py-only group (median values: 43.17 vs. 31.41 
months; P = 0.0064; Figure 2A). Notably, when 
patients were stratified by primary tumor loca-
tion, no significant between-group difference 
was observed in median OS (left vs. unknown 
vs. right: 40.31 vs. 38.79 vs. 42.35 months; 
Figure 2B). Patients were further stratified into 

Study population and variables

The inclusion criteria were as follows: receiving 
a histologically confirmed diagnosis of primary 
CRC (ICD-O-3: C180-C189, C19, and C20); re- 
ceiving a diagnosis of wild-type KRAS mCRC; 
being aged ≥ 18 years; receiving first-line sys-
temic therapy with either cetuximab or panitu-
mumab between January 1, 2013, and De- 
cember 31, 2019; receiving targeted therapy  
in combination with either irinotecan or oxalipl-
atin; and undergoing secondary resection or 
radiofrequency ablation for liver metastasis 
during the study period and receiving at least 
two cycles of chemotherapy. The exclusion cri-
teria were as follows: unavailability of clinical 
data, diagnosis of hematological malignancies 
or Kaposi sarcoma (ICD-O-3 morphology code: 
9140 and 9590-9989), simultaneous use of 
irinotecan and oxaliplatin or nonuse of either 
irinotecan or oxaliplatin, and postoperative 
alteration of the backbone of chemotherapy 
(from irinotecan to oxaliplatin or vice versa)  
and preoperative use of any targeting agent. 
Patients were divided into postoperative che-
motherapy-only group and postoperative anti-
EGFR mAb plus chemotherapy groups on the 
basis of their status after secondary surgery. 
Left-sided CRC was defined as primary tumors 
originating in the rectum, sigmoid colon, de- 
scending colon, or splenic flexure, whereas 
right-sided CRC was defined as primary tumors 
originating in the cecum, ascending colon, 
hepatic flexure, or transverse colon. Indivi- 
duals aged ≥ 70 years were regarded as older 
patients.

Statistical analysis

The index date was the date when the first  
dose of anti-EGFR mAb plus chemotherapy  
was administered. OS was calculated as the 
interval from the index date to the date of 
death; data were censored if patients survived 
beyond the latest date of follow-up (December 
31, 2019). Time to treatment failure (TTF) was 
calculated as the interval from the index date  
to that of the first dose of the subsequent line 
of chemotherapy. Because re-introduction 
strategy was usually favored when recurrence 
or progressive diseases were observed for 
patients who were very sensitive to first-line 
treatment, we choose TTF as our surrogate 
endpoint rather than other traditional end-
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Figure 1. CONSORT diagram for this study according to inclusion and exclu-
sion criteria.

two groups by assessment period: patients 
assessed between 2012 and 2015 and those 
assessed between 2016 and 2018. OS was 
longer in patients assessed during 2016-2018 
than in those assessed during 2012-2015 
(median values: not reached vs. 39.87 months; 
P = 0.1819; Figure 2C).

As shown in Figure 3A, TTF did not differ signifi-
cantly between the postoperative anti-EGFR 
mAb and chemotherapy-only groups (median 
values: 21.85 vs. 26.18 months; P = 0.679). 
The findings suggest that continuous anti-EGFR 
mAb therapy in the context of chemotherapy 
after secondary resection does not increase 
the likelihood of treatment discontinuation. The 

analysis of TTF was further 
stratified by primary tumor lo- 
cation and assessment period 
to explore potential variations 
in treatment failure duration 
across these subgroups and  
to understand if specific char-
acteristics influence the effec-
tiveness of continuous anti-
EGFR mAb therapy alongside 
chemotherapy. As shown in 
Figure 3B, no significant dif- 
ference in median TTF was 
observed among patients st- 
ratified by primary tumor loca-
tion, with median values of 
22.89 months for left-sided, 
18.20 months for unknown, 
and 44.58 months for right-
sided tumors (P = 0.169). 
Furthermore, while TTF app- 
eared to be longer in patients 
assessed during the period of 
2016-2018 compared to th- 
ose assessed during 2012-
2015 (median values: 30.55 
vs. 19.45 months; Figure 3C), 
the difference did not reach 
statistical significance (P = 
0.129).

Results of the multivariate 
analysis

Given the significant survival 
benefits observed with contin-
uous anti-EGFR mAb therapy in 
patients undergoing secondary 
resection, it is critical to fur-

ther evaluate the impact of various clinical fac-
tors on OS. The Cox proportional-hazards an- 
alysis was performed to identify significant pre-
dictors for OS (Table 2). The univariate analysis 
showed that continuous anti-EGFR mAb thera-
py after secondary surgery (Hazard ratio [HR] = 
0.49, 95% confidence interval [CI]: 0.29-0.83; 
P = 0.008) was associated with favorable OS, 
while a Charlson comorbidity index (CCI) score 
of ≥ 3 was significantly associated with worse 
OS (HR = 2.14, 95% CI: 1.11-4.12; P = 0.023). 
These two parameters remained significant  
in multivariate analysis (Hazard ratio [HR] = 
0.44, P = 0.015; [HR] = 2.14, P = 0.041, 
respectively).
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Table 1. Patient demographics

Total (N = 174) Anti-EGFR mAb +  
chemotherapy (N = 153)

Chemotherapy-only 
(N = 21) P value

n (%) n (%) n (%)
Sex
    Male 106 (60.92) 92 (60.13) 14 (66.67) 0.57
    Female 68 (39.08) 61 (39.87) 7 (33.33)
Age
    Mean (SD) 57 (11.97) 57 (11.81) 61.18 (12.63) 0.09
    Median 57 57 64.48
Age
    < 60 100 (57.47) 91 (59.48) 9 (42.86) 0.15
    60+ 74 (42.53) 62 (40.52) 12 (57.14)
Hospital area
    North 89 (51.15) 84 (54.9) 5 (23.81) 0.04
    South 50 (28.74) 40 (26.14) 10 (47.62)
    Center or east 35 (20.11) 29 (18.95) 6 (28.57)
Hospital level
    Medical Center 126 (72.41) 113 (73.86) 13 (61.9) 0.25
    Others 48 (27.59) 40 (26.14) 8 (38.1)
Primary site
    Left 92 (52.87) 81 (52.94) 11 (52.38) 0.40
    Right 19 (10.92) 15 (9.8) 4 (19.05)
    Others 63 (36.21) 57 (37.25) 6 (28.57)
Initial stage
    III-IV 164 (94.25) 143 (93.46) 21 (100.00) 0.61
    Other 10 (5.75) 10 (6.54) 0 (0.00)
Chemotherapy backbone
    Irinotecan + 5FU 161 (92.53) 143 (93.46) 18 (85.71) 0.20
    Oxaliplatin + 5FU 13 (7.47) 10 (6.54) 3 (14.29)
Follow-up time, months
    Mean (SD) 39 (17.68) 40 (17.83) 33.01 (15.74) 0.11
    Median (Q1, Q3) 35 (26.03, 47.83) 36 (27.03, 48.67) 29.33 (23.93, 40.37)
Treatment duration, months
    Mean (SD) 13.34 (8.25) 12.45 (7.47) 19.80 (10.72) < 0.0001
    Median (Q1, Q3) 10.38 (7.97, 15.07) 10.07 (7.80, 14.63) 17.13 (12.17, 25.97)
Death events
    Yes 97 (55.75) 80 (52.29) 17 (80.95) 0.0064
    No 77 (44.25) 73 (47.71) 4 (19.05)

Next, univariate and multivariate analyses we- 
re performed to explore potential clinical fac-
tors that might impact TTF (Table 3). In univari-
ate analysis, TTF was significantly associated 
with the level of the hospital where patients 
received treatment (HR = 0.63, 95% CI: 0.41-
0.98; P = 0.041), suggesting that facility-re- 
lated factors might play a role in treatment 
duration. However, after adjusting for multiple 
variables, the multivariate analysis indicated 

that no factor, including the type of hospital or 
primary tumor location, significantly impacted 
TTF in this patient population (all P > 0.05, 
Table 3). This finding suggests that treatment 
duration is unlikely to be adversely or favorably 
affected by these specific clinical characteris-
tics, making continuous anti-EGFR mAb the- 
rapy potentially broadly applicable across pa- 
tient types and treatment settings within this 
population.
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Figure 2. Kaplan-Meier plots of overall survival. Overall survival was com-
pared (A) between patients who continued anti-EGFR therapy after conver-
sion surgery and those who received chemotherapy-only, (B) among pa-
tients with right-sided primary tumors, those with left-sided primary tumors, 
and unknown primary tumor locations, and (C) between patients assessed 
during the 2016-2019 period and those assessed during the 2012-2015 
period. Only continued anti-EGFR therapy arm had significantly impact on 
longer overall survival.

Discussion

Our study focused on patients with initially 
unresectable wild-type KRAS mCRC receiving 
first-line anti-EGFR mAb plus doublet chemo-

therapy and undergoing sub- 
sequent curative surgery after 
systemic conversion therapy. If 
patients maintained their first-
line anti-EGFR mAb plus che-
motherapy as adjuvant thera- 
py after secondary surgery, 
they exhibited significantly bet-
ter outcomes (OS) than did 
those receiving chemotherapy 
alone. To the best of our knowl-
edge, the present study is the 
first to confirm that anti-EGFR 
mAb should be continued aft- 
er curative surgery to improve 
OS in patients with mCRC.

Controversies still exist regard-
ing the postoperative adjuvant 
therapy regimen. After the  
publication of the results of 
the EORTC 40983 study, some 
physicians recommended FO- 
LFOX instead of adjuvant ther-
apy [25]. However, the EORTC 
40983 study focused on peri-
operative therapy, specifically 
targeting patients with initially 
resectable tumors. Conversely, 
our study focused on patients 
with initially unresectable tu- 
mors, which became resect-
able after neoadjuvant anti-
EGFR mAb plus doublet che-
motherapy. We excluded 68 
patients who transitioned to 
FOLFOX after conversion sur-
gery and thus focused on 
patients who maintained their 
original chemotherapy back-
bone, aligning closely with stu- 
dies designed for patients un- 
dergoing conversion surgery 
for liver metastasis [18, 19]. 
The reason for regimen chang-
es may be attributable to poor 
response to the previous first-
line regimen.

The decision to continue mAb, particularly anti-
EGFR mAb, plus chemotherapy after curative 
surgery remains contentious. Few randomized, 
prospective phase III clinical trials have add- 
ressed this specific topic. In the NEW EPOC 
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Figure 3. Kaplan-Meier plots of time to treatment failure. Time to treatment 
failure was compared (A) between patients who continued anti-EGFR ther-
apy after conversion surgery and those who received chemotherapy-only, 
(B) among patients with right-sided primary tumors, those with left-sided 
primary tumors, and unknown primary tumor locations, and (C) between 
patients assessed during the 2016-2019 period and those assessed during 
the 2012-2015 period. Although some trends were observed, none factor 
had significantly impact on time to treatment failure.

study, perioperative cetuximab plus FOLFOX 
yielded inferior survival outcomes compared 
with those of FOLFOX alone [22]. Akin to the 
EORTC 40983 study, the NEW EPOC study tar-
geted patients in the perioperative setting, 
rather than those with initially unresectable 

tumors. We previously estab-
lished that patients with initial-
ly resectable stage 4 mCRC 
represent a distinct popula-
tion, markedly differing from 
those with initially unresect-
able mCRC [17]. Therefore, evi-
dence from perioperative set-
tings cannot be extrapolated 
to patients undergoing conver-
sion surgery.

We found that continuing anti-
EGFR mAb plus chemotherapy 
after secondary surgery im- 
proved OS, rather than TTF, 
compared with the outcomes 
of chemotherapy alone. The 
reason why the OS benefits  
did not translate into TTF ben-
efits is difficult to explain. The 
Kaplan-Meier plot for OS re- 
vealed a subset of patients 
with prolonged OS in the post-
operative anti-EGFR mAb gr- 
oup. The survival long-tail, ob- 
served in approximately 20% 
of patients, was evident in 
Kaplan-Meier plots for both  
OS and TTF. However, no such 
long-term survivors were pres-
ent in the chemotherapy-only 
group. Our study underscores 
that for patients exhibiting ini-
tial favorable responses to 
anti-EGFR mAb plus chemo-
therapy, anti-EGFR mAb shou- 
ld be continued after curative 
surgery to improve the cure 
rate and ensure long-term sur-
vival. Modest et al. ever pub-
lished a prospective phase II 
trial to address the importan- 
ce of keeping anti-EGFR after 
conversion surgery. However, 
the result was negative, but 
the survival plot showed a ben-
efit trend in both PFS and OS. 
This result is similar to our 

data, but our data provided a positive survival 
benefit [26].

In our study, we observed a significant disparity 
between treatment durations and overall sur-
vival in the two study groups: the chemothera-
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Table 2. Results of the Cox proportional-hazards analysis for overall survival

Variables N Death %
Univariate Multivariate

HR 95% CI p-value HR 95% CI P value
Group
    Chemotherapy-only 21 17 (80.95) 1 1
    Anti-EGFR mAb + chemotherapy 153 80 (52.29) 0.49 (0.29, 0.83) 0.008a 0.44 (0.23, 0.85) 0.015a

Group
    Irinotecan 161 93 (57.76) 1 1
    Oxaliplatin 13 4 (30.77) 0.88 (0.32, 2.42) 0.806 0.94 (0.31, 2.82) 0.915
Treatment age
    Age < 60 100 52 (52.00) 1 1
    Age ≥ 60 74 45 (60.81) 1.39 (0.93, 2.07) 0.108 1.02 (0.64, 1.61) 0.946
Sex
    Female 68 38 (55.88) 1 1
    Male 106 59 (55.66) 1.06 (0.71, 1.60) 0.769 0.97 (0.61, 1.54) 0.897
CCI
    0 95 55 (57.89) 1 1
    1-2 63 31 (49.21) 0.81 (0.52, 1.26) 0.357 1.10 (0.68, 1.77) 0.707
    3~ 16 11 (68.75) 2.14 (1.11, 4.12) 0.023a 2.14 (1.03, 4.43) 0.041a

Primary site
    Left 92 53 (57.61) 1 1
    Right 19 9 (47.37) 0.97 (0.48, 1.97) 0.931 0.89 (0.42, 1.90) 0.771
    Others 63 35 (55.56) 1.01 (0.66, 1.55) 0.962 0.87 (0.53, 1.43) 0.581
Hosp level
    Medical center 126 67 (53.17) 1 1
    Others 48 30 (62.50) 0.93 (0.61, 1.44) 0.754 1.31 (0.70, 2.46) 0.400
Hosp area
    North 89 53 (59.55) 1 1
    South 50 26 (52.00) 0.84 (0.53, 1.35) 0.470 0.71 (0.30, 1.68) 0.433
    Center or east 35 18 (51.43) 1.21 (0.71, 2.08) 0.489 0.76 (0.45, 1.30) 0.323
TTF year
    2012-2015 108 77 (71.30) 1 1
    2016-2018 66 20 (30.30) 0.71 (0.43, 1.18) 0.184 0.87 (0.50, 1.53) 0.633
CI, confidence interval; HR, hazard ratio. aP < 0.05. Right-sided colon: cecum, ascending colon, hepatic flexure, and transverse 
colon. Left-sided colon: splenic flexure, descending colon, sigmoid colon, and R-S junction.

py-only group had a significantly longer treat-
ment duration (mean of 17.1 months) but 
shorter overall survival compared to the group 
receiving continuing anti-EGFR therapy plus 
chemotherapy (mean of 10.1 months). The lon-
ger treatment duration totally did not trans- 
late into longer survival benefits. Although this 
result might imply the strong benefit from lon-
ger anti-EGFR mAb exposure, there were many 
clinical factors that needed to be dig-out, such 
as cumulative toxicity or the diminishing returns 
associated with extended exposure to chemo-
therapy agents. Our study was mainly estab-

lished by databases analysis and thus our 
study did possess many limitations which we 
will mention later in this manuscript. Since we 
cannot clarify the real causes of linger treat-
ment durations, such as less R0 resections or 
less depth of responses, we only demonstrated 
this result and we tended to elaborate this 
result more conservatively.

Our study has some limitations. First, the sam-
ple size was relatively small. The data were 
extracted from a nationwide cohort. We app- 
lied stringent inclusion and exclusion criteria to 
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Table 3. Results of the Cox proportional-hazards analysis for time to treatment failure

Variables N TTF %
Univariate Multivariate

HR 95% CI p-value HR 95% CI P value
Group
    Chemotherapy-only 21 12 (57.14) 1 1
    Anti-EGFR mAb + chemotherapy 153 103 (67.32) 1.14 (0.62, 2.07) 0.678 1.23 (0.64, 2.40) 0.536
Group
    Irinotecan 161 112 (69.57) 1 1
    Oxaliplatin 13 3 (23.08) 0.32 (0.10, 1.00) 0.051 0.41 (0.12, 1.42) 0.159
Treatment age
    Age < 60 100 70 (70.00) 1 1
    Age ≥ 60 74 45 (60.81) 0.98 (0.67, 1.43) 0.917 1.07 (0.70, 1.65) 0.759
Sex
    Female 68 45 (66.18) 1 1
    Male 106 70 (66.04) 1.07 (0.73, 1.55) 0.737 1.01 (0.66, 1.55) 0.959
CCI
    0 95 66 (69.47) 1 1
    1-2 63 39 (61.90) 0.80 (0.54, 1.19) 0.265 0.82 (0.54, 1.23) 0.333
    3~ 16 10 (62.50) 1.36 (0.70, 2.67) 0.364 1.79 (0.85, 3.76) 0.125
Primary site
    Left 92 60 (65.22) 1 1
    Right 19 10 (52.63) 0.76 (0.39, 1.49) 0.430 0.85 (0.42, 1.72) 0.644
    Others 63 45 (71.43) 1.33 (0.90, 1.97) 0.147 1.37 (0.91, 2.06) 0.135
Hosp level
    Medical center 126 84 (66.67) 1 1
    Others 48 31 (64.58) 0.72 (0.48, 1.09) 0.119 0.63 (0.41, 0.98) 0.041a

Hosp area
    North 89 64 (71.91) 1 1
    South 50 36 (72.00) 0.93 (0.62, 1.40) 0.717 0.87 (0.56, 1.37) 0.552
    Center or east 35 15 (42.86) 0.57 (0.32, 1.00) 0.050 0.59 (0.32, 1.09) 0.092
CI, confidence interval; HR, hazard ratio. aP < 0.05. Right-sided colon: cecum, ascending colon, hepatic flexure, and transverse 
colon. Left-sided colon: splenic flexure, descending colon, sigmoid colon, and R-S junction.

eliminate the effects of potential confounders, 
such as delayed postoperative chemotherapy 
or altered chemotherapy regimens. This allowed 
for a clear comparison between postoperative 
anti-EGFR mAb and non-EGFR mAb without any 
bias. However, we could analyze only TTF and 
not disease-free survival. Data were collected 
by linking three national databases in Taiwan. 
For privacy protection, all data were anony-
mized. Therefore, not all personal information, 
such as computed tomography scans, was 
available for analysis. Although we could not 
shed light on disease-free survival, the data on 
TTF indicate the timing of recurrent disease or 
failure of first-line treatment even after re-intro-
duction and can thus serve as a good alterna-
tive marker of disease-free survival.

Second, we could not clarify whether patients 
underwent R0/R1 or R2 resection during con-
version surgery. In Taiwan, permission from the 
National Health Insurance Bureau is required 
for anti-EGFR mAb for mCRC: physicians must 
apply to the bureau to obtain an approval letter 
for prescribing anti-EGFR mAb to their patients. 
The first approval letter is for nine courses of 
anti-EGFR mAb. Physicians must apply for a 
second approval letter if patients are in com-
plete response, partial response, or stable dis-
ease after the first 18 weeks of treatment. 
Thus, patients undergoing R2 resection might 
have applied for anti-EGFR mAb for the treat-
ment of measurable lesions remaining after 
resection; this might have led to their inclusion 
in the postoperative anti-EGFR therapy group. 
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Patients with R0 resection were likely included 
in the chemotherapy-only group. Evidence sug-
gests improved survival outcomes for these 
patients [27]. However, we found that OS was 
relatively long in patients who continued anti-
EGFR mAb after secondary surgery. Therefore, 
most patients in our groups might have under-
gone R0 resection.

Finally, our study was retrospective. None- 
theless, it still provides a strong rationale for 
prospective clinical trials.

Conclusion

Our findings suggest that in patients with ini-
tially unresectable mCRC who are responsive 
to first-line anti-EGFR mAb plus doublet chemo-
therapy and subsequently undergo curative 
surgery, postoperative maintenance of anti-
EGFR mAb plus chemotherapy can improve OS 
and the likelihood of cure compared with the 
outcomes of chemotherapy alone. This study 
offers a rationale for determining an appropri-
ate postoperative treatment regimen and high-
lights the need for relevant prospective clinical 
trials.

Acknowledgements

This study was supported by MERCK KGaA, 
Darmstadt. This manuscript was edited by 
Wallace Academic Editing.

Disclosure of conflict of interest

None.

Abbreviations

EGFR, Epidermal Growth Factor Receptor;  
mAb, Monoclonal Antibodies; mCRC, Metas- 
tatic Colorectal Cancer; OS, Overall Survival; 
CRC, Colorectal Cancer; CRLM, CRC with Liver 
Metastasis; TTF, Time to Treatment Failure.

Address correspondence to: Dr. Yi-Hsin Liang, De- 
partment of Oncology, National Taiwan Univer- 
sity Hospital, No. 7, Chung-Shan South Road,  
Taipei 10002, Taiwan. Tel: +886-223123456 Ext. 
266007; Fax: +886-223711174; E-mail: liangyih-
sin@ntuh.gov.tw

References

[1] Chen HH, Ke TW, Huang CW, Jiang JK, Chen 
CC, Hsieh YY, Teng HW, Lin BW, Liang YH, Su 

YL, Hsu HC, Kuan FC, Chou YH, Lin J, Lin BR, 
Chang YY and Wang JY. Taiwan Society of Co-
lon and Rectal Surgeons consensus on mCRC 
treatment. Front Oncol 2021; 11: 764912.

[2] Liang YH, Shao YY, Chen HM, Lai CL, Lin ZZ, 
Kuo RN, Cheng AL, Yeh KH and Lai MS. Young 
patients with colorectal cancer have increased 
risk of second primary cancers. Jpn J Clin On-
col 2015; 45: 1029-1035.

[3] Yoshino T, Arnold D, Taniguchi H, Pentherouda-
kis G, Yamazaki K, Xu RH, Kim TW, Ismail F, 
Tan IB, Yeh KH, Grothey A, Zhang S, Ahn JB, 
Mastura MY, Chong D, Chen LT, Kopetz S, Egu-
chi-Nakajima T, Ebi H, Ohtsu A, Cervantes A, 
Muro K, Tabernero J, Minami H, Ciardiello F 
and Douillard JY. Pan-Asian adapted ESMO 
consensus guidelines for the management of 
patients with metastatic colorectal cancer: a 
JSMO-ESMO initiative endorsed by CSCO, 
KACO, MOS, SSO and TOS. Ann Oncol 2018; 
29: 44-70.

[4] Cervantes A, Adam R, Roselló S, Arnold D, Nor-
manno N, Taïeb J, Seligmann J, De Baere T, 
Osterlund P, Yoshino T and Martinelli E; ESMO 
Guidelines Committee. Electronic address: 
clinicalguidelines@esmo.org. Metastatic colo- 
rectal cancer: ESMO Clinical Practice Guide-
line for diagnosis, treatment and follow-up. 
Ann Oncol 2023; 34: 10-32.

[5] Yoshino T, Cervantes A, Bando H, Martinelli E, 
Oki E, Xu RH, Mulansari NA, Govind Babu K, 
Lee MA, Tan CK, Cornelio G, Chong DQ, Chen 
LT, Tanasanvimon S, Prasongsook N, Yeh KH, 
Chua C, Sacdalan MD, Sow Jenson WJ, Kim ST, 
Chacko RT, Syaiful RA, Zhang SZ, Curigliano G, 
Mishima S, Nakamura Y, Ebi H, Sunakawa Y, 
Takahashi M, Baba E, Peters S, Ishioka C and 
Pentheroudakis G. Pan-Asian adapted ESMO 
Clinical Practice Guidelines for the diagnosis, 
treatment and follow-up of patients with meta-
static colorectal cancer. ESMO Open 2023; 8: 
101558.

[6] Lievre A, Bachet JB, Le Corre D, Boige V, Landi 
B, Emile JF, Cote JF, Tomasic G, Penna C, Du-
creux M, Rougier P, Penault-Llorca F and Lau-
rent-Puig P. KRAS mutation status is predictive 
of response to cetuximab therapy in colorectal 
cancer. Cancer Res 2006; 66: 3992-3995.

[7] Rowland A, Dias MM, Wiese MD, Kichenadas-
se G, McKinnon RA, Karapetis CS and Sorich 
MJ. Meta-analysis of BRAF mutation as a pre-
dictive biomarker of benefit from anti-EGFR 
monoclonal antibody therapy for RAS wild-type 
metastatic colorectal cancer. Br J Cancer 
2015; 112: 1888-1894.

[8] Lo Nigro C, Ricci V, Vivenza D, Granetto C, 
Fabozzi T, Miraglio E and Merlano MC. Prog-
nostic and predictive biomarkers in metastatic 
colorectal cancer anti-EGFR therapy. World J 
Gastroenterol 2016; 22: 6944-6954.

mailto:liangyihsin@ntuh.gov.tw
mailto:liangyihsin@ntuh.gov.tw


Postoperative anti-EGFR mAb for mCRC

5919 Am J Cancer Res 2024;14(12):5909-5920

[9] Liang YH, Chen KH and Shao YY. Treatment 
outcome comparisons of first-line targeted 
therapy in patients with KRAS wild-type meta-
static colorectal cancer: a nationwide data-
base study. Cancer Med 2023; 12: 15176-
15186.

[10] Liang YH, Tsai JH, Cheng YM, Chan KY, Hsu WL, 
Lee CC, Chen KH and Yeh KH. Chemotherapy 
agents stimulate dendritic cells against hu-
man colon cancer cells through upregulation 
of the transporter associated with antigen pro-
cessing. Sci Rep 2021; 11: 9080.

[11] Kanas GP, Taylor A, Primrose JN, Langeberg 
WJ, Kelsh MA, Mowat FS, Alexander DD, Choti 
MA and Poston G. Survival after liver resection 
in metastatic colorectal cancer: review and 
meta-analysis of prognostic factors. Clin Epide-
miol 2012; 4: 283-301.

[12] Snyder M, Bottiglieri S and Almhanna K. Im-
pact of primary tumor location on first-line 
bevacizumab or cetuximab in metastatic 
colorectal cancer. Rev Recent Clin Trials 2018; 
13: 139-149.

[13] Adam R, Wicherts DA, de Haas RJ, Ciacio O, 
Levi F, Paule B, Ducreux M, Azoulay D, Bismuth 
H and Castaing D. Patients with initially unre-
sectable colorectal liver metastases: is there a 
possibility of cure? J Clin Oncol 2009; 27: 
1829-1835.

[14] Vigano L, Capussotti L, Barroso E, Nuzzo G, 
Laurent C, Ijzermans JN, Gigot JF, Figueras J, 
Gruenberger T, Mirza DF, Elias D, Poston G, 
Letoublon C, Isoniemi H, Herrera J, Sousa FC, 
Pardo F, Lucidi V, Popescu I and Adam R. Pro-
gression while receiving preoperative chemo-
therapy should not be an absolute contrain- 
dication to liver resection for colorectal metas-
tases. Ann Surg Oncol 2012; 19: 2786-2796.

[15] Jiang W, Yu Q, Ning R, Zhao W and Wei C. Effi-
cacy of bevacizumab versus epidermal growth 
factor receptor inhibitors for wild-type RAS 
metastatic colorectal cancer: a meta-analysis. 
Onco Targets Ther 2018; 11: 4271-4281.

[16] Taieb J, Rivera F, Siena S, Karthaus M, Val-
ladares-Ayerbes M, Gallego J, Geissler M, Kou-
kakis R, Demonty G and Peeters M. Explorato-
ry analyses assessing the impact of early 
tumour shrinkage and depth of response on 
survival outcomes in patients with RAS wild-
type metastatic colorectal cancer receiving 
treatment in three randomised panitumumab 
trials. J Cancer Res Clin Oncol 2018; 144: 321-
335.

[17] Liang YH, Shao YY, Chen HM, Cheng AL, Lai MS 
and Yeh KH. Irinotecan and oxaliplatin might 
provide equal benefit as adjuvant chemothera-
py for patients with resectable synchronous 
colon cancer and liver-confined metastases:  
a nationwide database study. Anticancer Res 
2017; 37: 7095-7104.

[18] Folprecht G, Gruenberger T, Bechstein WO, 
Raab HR, Lordick F, Hartmann JT, Lang H, Frill-
ing A, Stoehlmacher J, Weitz J, Konopke R, 
Stroszczynski C, Liersch T, Ockert D, Herrmann 
T, Goekkurt E, Parisi F and Kohne CH. Tumour 
response and secondary resectability of 
colorectal liver metastases following neoadju-
vant chemotherapy with cetuximab: the CELIM 
randomised phase 2 trial. Lancet Oncol 2010; 
11: 38-47.

[19] Maughan TS, Adams RA, Smith CG, Meade AM, 
Seymour MT, Wilson RH, Idziaszczyk S, Harris 
R, Fisher D, Kenny SL, Kay E, Mitchell JK, Madi 
A, Jasani B, James MD, Bridgewater J, Kenne-
dy MJ, Claes B, Lambrechts D, Kaplan R and 
Cheadle JP; MRC COIN Trial Investigators. Addi-
tion of cetuximab to oxaliplatin-based first-line 
combination chemotherapy for treatment of 
advanced colorectal cancer: results of the ran-
domised phase 3 MRC COIN trial. Lancet 
2011; 377: 2103-2114.

[20] Ji JH, Park SH, Lee J, Kim TW, Hong YS, Kim KP, 
Kim SY, Baek JY, Kang HJ, Shin SJ, Shim BY 
and Park YS. Prospective phase II study of neo-
adjuvant FOLFOX6 plus cetuximab in patients 
with colorectal cancer and unresectable liver-
only metastasis. Cancer Chemother Pharma-
col 2013; 72: 223-230.

[21] Kohne CH, Poston G, Folprecht G, Ciardiello F, 
Ronga P, Beier F and Van Cutsem E. FOLFIRI 
plus cetuximab in patients with liver-limited  
or non-liver-limited RAS wild-type metastatic 
colorectal cancer: a retrospective subgroup 
analysis of the CRYSTAL study. Eur J Surg On-
col 2016; 42: 1540-1547.

[22] Bridgewater JA, Pugh SA, Maishman T, Emin-
ton Z, Mellor J, Whitehead A, Stanton L, Rad-
ford M, Corkhill A, Griffiths GO, Falk S, Valle JW, 
O’Reilly D, Siriwardena AK, Hornbuckle J, Rees 
M, Iveson TJ, Hickish T, Garden OJ, Cunning-
ham D, Maughan TS and Primrose JN; New 
EPOC investigators. Systemic chemotherapy 
with or without cetuximab in patients with re-
sectable colorectal liver metastasis (New 
EPOC): long-term results of a multicentre, ran-
domised, controlled, phase 3 trial. Lancet On-
col 2020; 21: 398-411.

[23] Liang YH, Shao YY, Liao BC, Lee HS, Yang JC, 
Chen HM, Chiang CJ, Cheng AL and Lai MS. Cy-
totoxic chemotherapy as first-line therapy for 
advanced non-small-cell lung cancer in Tai-
wan: daily practice. J Cancer 2016; 7: 1515-
1523.

[24] Hsieh YY, Fang WT, Lo YW, Chen YH and Chien 
LN. Comparing the effectiveness of different 
EGFR-TKIs in patients with EGFR mutant non-
small-cell lung cancer: a retrospective cohort 
study in Taiwan. Int J Cancer 2020; 147: 1107-
1116.



Postoperative anti-EGFR mAb for mCRC

5920 Am J Cancer Res 2024;14(12):5909-5920

[25] Nordlinger B, Sorbye H, Glimelius B, Poston GJ, 
Schlag PM, Rougier P, Bechstein WO, Primrose 
JN, Walpole ET, Finch-Jones M, Jaeck D, Mirza 
D, Parks RW, Mauer M, Tanis E, Van Cutsem E, 
Scheithauer W and Gruenberger T; EORTC Gas-
tro-Intestinal Tract Cancer Group; Cancer Re-
search UK; Arbeitsgruppe Lebermetastasen 
und-tumoren in der Chirurgischen Arbeitsge-
meinschaft Onkologie (ALM-CAO); Australasian 
Gastro-Intestinal Trials Group (AGITG); Fédéra-
tion Francophone de Cancérologie Digestive 
(FFCD). Perioperative FOLFOX4 chemotherapy 
and surgery versus surgery alone for resect-
able liver metastases from colorectal cancer 
(EORTC 40983): long-term results of a ran-
domised, controlled, phase 3 trial. Lancet On-
col 2013; 14: 1208-1215.

[26] Modest DP, Karthaus M, Kasper S, Moosmann 
N, Keitel V, Kiani A, Uhlig J, Jacobasch L, Fisch-
er V Weikersthal L, Fuchs M, Kaiser F, Lerchen-
muller C, Sent D, Junghanss C, Held S, Loren-
zen S, Kaczirek K, Jung A, Stintzing S and 
Heinemann V. FOLFOX plus panitumumab or 
FOLFOX alone as additive therapy following 
R0/1 resection of RAS wild-type colorectal 
cancer liver metastases - The PARLIM trial (AIO 
KRK 0314). Eur J Cancer 2022; 173: 297-306.

[27] Kim SA, Kim JW, Suh KJ, Chang W, Kim JW, Oh 
HK, Cho JY, Kim DW, Cho S, Kim JH, Kim K, 
Kang SB, Jheon S and Lee KW. Conversion sur-
gery after cetuximab or bevacizumab plus FOL-
FIRI chemotherapy in colorectal cancer pa-
tients with liver- and/or lung-limited meta- 
stases. J Cancer Res Clin Oncol 2020; 146: 
2399-2410.


