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Purpose: Cetuximab (CET) combined with chemotherapy significantly improved the survival in RAS and RAF wild-type metastatic 
colorectal cancer (mCRC) patients, while clinical evidence was lacking on the use of maintenance therapy (MT). The study aimed to 
explore the role of maintenance therapy following Cetuximab + chemotherapy and the optimal Cetuximab-based maintenance therapy 
regimen.
Patients and Methods: We retrospectively reviewed data on the efficacy and safety of CET-based MT in patients with mCRC who 
achieved disease control after induction therapy.
Results: Eighty-one patients with mCRC who achieved disease control after CET + chemotherapy induction were enrolled. Overall 
median progression-free survival (PFS) was 10.5 (95% CI = 8.8–12.2) months and median maintenance/observation PFS (mnPFS) was 
6.0 (95% CI = 5.0–7.0) months. Among these 81 patients, 61 patients were prescribed MT (CET alone for 21 patients and CET + 
chemotherapy for 40 patients). Median PFS and mnPFS in the MT group were significantly longer than those for the non-MT group. 
Different MT regimens did not affect PFS and mnPFS significantly. Univariate and multivariate analysis demonstrated MT, complete 
response/partial response during induction therapy, and absence of peritoneal metastasis to be positively associated with longer PFS 
and mnPFS. Treatment-related adverse events (AEs) were tolerable during MT, and AE-related deaths were not observed.
Conclusion: MT with CET or CET + chemotherapy was an appropriate option following initial induction chemotherapy for patients 
with RAS and RAF wild-type mCRC. This strategy endowed survival benefits and a tolerable safety profile.
Keywords: colorectal cancer, maintenance therapy, cetuximab, RAS and RAF wild-type, targeted therapy

Introduction
Colorectal cancer (CRC) is the third most common and second most lethal cancer type worldwide. CRC was estimated to 
cause 935,000 deaths worldwide in 2020.1 Approximately 25% present with metastases at initial diagnosis and almost 50% of 
patients with colorectal cancer will develop metastases.2,3 Over the past two decades, the prognosis of patients with mCRC has 
been improved markedly due to multi-modal treatments, and a median overall survival (OS) of ~30 months has been 
documented.4 5-Fluorouracil (5-FU)-based chemotherapy (combined with oxaliplatin or irinotecan) plus anti-epidermal 
growth factor receptor/vascular endothelial growth factor (anti-EGFR/VEGF) therapy is a first-line treatment for microsa-
tellite-stable mCRC.5–7

Cetuximab (CET) is a recombinant, human/mouse chimeric immunoglobulin monoclonal antibody that binds exclusively 
to the extracellular domain of the EGFR. CET interferes with the apoptosis and proliferation of cells, angiogenesis, and tumor 
metastasis. CET in combination with chemotherapy has been shown to improve the survival in RAS and RAF wild mCRC 
patients.5 However, patients undergoing oxaliplatin- or irinotecan-based therapies tend to discontinue treatment prematurely 
due to severe neurotoxicity (oxaliplatin) or chronic diarrhea (irinotecan). Thus, switching to low-intensity or low-toxicity 
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maintenance therapy (MT) can balance clinical efficacy and adverse effects (AEs) after disease control. Randomized trials 
have shown MT using bevacizumab plus fluoropyrimidine to be superior to intermittent treatment or continuous combined 
chemotherapy in patients with mCRC.8,9 However, the role of MT with CET is controversial.

The efficacy and safety of MT with different CET-based regimens in mCRC have been studied in several clinical 
trials. The MACRO-2 trial concluded that MT using CET alone was more tolerable than continued induction therapy.10 

Moreover, the MACBETH trial compared MT with CET alone or bevacizumab alone after chemotherapy plus induction 
therapy with CET. Greater clinical efficacy was achieved with MT using CET than with MT using bevacizumab, but the 
difference was not significant.11 In the VALENTINO trial, MT with the anti-EGFR antibody panitumumab plus 
fluorouracil achieved longer progression-free survival (PFS) and OS than that by using panitumumab alone.12 Clinical 
studies have explored CET combined with single-agent chemotherapy (eg, capecitabine or irinotecan) for MT and shown 
satisfactory efficacy and safety.7 However, consensus regarding the best CET-based MT regimen (ie, single-agent CET or 
combined with chemotherapy) has not been reached.

Herein, we retrospectively reviewed the data for efficacy and safety of CET-based MT in patients with mCRC or 
recurrent colorectal cancer in Qilu Hospital of Shandong University.

Materials and Methods
Inclusion Criteria
The inclusion criteria were: (1) Unresectable or recurrent mCRC with wild-type RAS and RAF status; (2) information on 
efficacy evaluation based on a complete response (CR), partial response (PR) or stable disease (SD) after first-line 
induction treatment with chemotherapy plus CET was available; (3) patients had adequate hematologic, hepatic, and renal 
functions; (4) at least one lesion could be measured in one dimension according to Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 (Figure 1).

Study Population
We retrospectively collected the information of patients with RAS and RAF wild type (WT) mCRC who were treated 
with CET-based chemotherapy as first-line therapy and achieved disease control in Qilu Hospital of Shandong University 
(Jinan and Qingdao) from January 2016 to December 2020.

Figure 1 Inclusion criteria and treatment pattern.
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Treatment Methods
Eligible patients accepted observation or CET-based MT: CET, CET + irinotecan, CET + capecitabine, or CET + CF 
(5-FU and leucovorin (LV)). The dose of CET during induction and maintenance therapy is 500 mg/m2 on day 1 every 2 
weeks. The dose of other agents followed international guidelines and the physician’s decision. The exact starting dose, 
dose modification, and dose interruption of CET and chemotherapy drugs were determined by the physician based on the 
results of clinical trials, general health status, and choice of individual patients.

Efficacy and Toxicities
Tumor responses were evaluated every 3–4 cycles of treatment according to the criteria in RECIST 1.1. Patients 
were evaluated at an early time point if significant signs of progressive disease presented rapidly. The “objective 
response” comprised the CR and PR. The “disease control rate” was defined as CR+PR and SD. Progression-free 
survival (PFS) was calculated from the beginning of induction therapy to the time of disease progression or death 
due to any cause. PFS during maintenance therapy/observation (mnPFS) was calculated from the beginning of MT/ 
observation to the time of disease progression or death due to any cause. Toxicities were assessed based on Common 
Toxicity Criteria version 5.0 (CTC5.0) set by the US National Cancer Institute. The cutoff date for data use was 
31 December 2021.

Statistical Analyses
The Pearson χ2 test was used to compare the difference in the characteristics at baseline and AEs between different 
groups of patients. PFS curves were constructed based on the Kaplan–Meier method. Median PFS and 95% confidence 
intervals (CIs) were estimated with the Log rank test. Cox regression analysis was employed to estimate significant 
factors in univariate and multivariate analysis. Statistical analyses were carried out using SPSS 22.0 (IBM, Armonk, NY, 
USA). p <0.05 (two-tailed) was considered significant.

Results
Patient Characteristics
A total of 81 patients were included in the study, which were treated with combination chemotherapy plus CET and achieved 
disease control after induction therapy, including 61 men (75.3%) and 20 women (24.7%). The median age of the study cohort 
was 64 (range, 22–83) years. The Eastern Cooperative Oncology Group performance score was 0/1 for 79 patients (97.5%) 
and ≥2 for two (2.5%) patients. Seventy-eight (96.3%) patients were diagnosed with left-sided primary CRC, and three (3.7%) 
patients were diagnosed with right-sided primary colon cancer. All patients were confirmed to be pMMR/MSS by immuno-
histochemical- or polymerase chain reaction-based assays. Fourteen (17.3%) patients had peritoneal metastasis. Sixty-one 
patients (75.3%) underwent resection of the primary tumor and twenty (24.7%) did not undergo surgical treatment. Among 
those patients, 39 (48.1%) received induction chemotherapy of CET with 5-FU/LV/oxaliplatin (mFOLFOX6), 32 (39.5%) 
received CET with 5-FU/LV/irinotecan (FOLFIRI), and 10 (12.3%) received CET with capecitabine/irinotecan (mXELIRI). 
Forty-nine (60.5%) patients experienced PR as the best response upon induction treatment, 32 (39.5%) patients had SD, and no 
patient achieved CR. The characteristics of patients at baseline are shown in Table 1.

Maintenance Therapy
The methods of MT and treatment interruption/discontinuation are summarized in Figure 1 and Table 2, respectively. Most 
patients (61 of 81, 75.3%) were prescribed CET or CET + chemotherapy as MT. Among them, 21 (34.4%) accepted CET and 
40 (65.6%) accepted CET plus chemotherapy (five patients (8.2%) had CET + CF, 15 patients (24.6%) had CET + irinotecan, 
and 20 patients (32.8%) had CET + capecitabine). Twelve patients (19.7%) experienced dose reduction. By the cutoff date, 37 
(60.7%) patients had discontinued MT due to disease progression and 12 (19.7%) discontinued due to intolerable AEs.
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Clinical Efficacy
The median duration of follow-up was 16.5 months (range: 3.5–60.5 months). Overall median PFS for the 81 patients 
enrolled was 10.5 (95% CI, 8.8–12.2) months (Figure 2a). Overall median mnPFS was 6.0 (95% CI, 5.0–7.0) months 

Table 1 Clinicopathological and Disease Characteristics of 81 Metastatic 
Colorectal Cancer Patients with Disease Control After Induction Treatment 
(Chemotherapy Combined with CET) at Baseline

Characteristics Total (N=81) (%)

Gender

Male 61 (75.3)

Female 20 (24.7)

Median age (range), years

Median age (range) 64 (22, 83)

≤65 43 (53.1)

>65 38 (46.9)

ECOG performance status before induction therapy

0–1 79 (97.5)

≥2 2 (2.5)

Primary tumor location

Left side 78 (96.3)

Right side 3 (3.7)

MMR or MSI status

pMMR or MSS 81 (100)

dMMR or MSI-H 0 (0)

Peritoneal metastasis

No 67 (82.7)

Yes 14 (17.3)

Surgical resection of primary tumor

Yes 61 (75.3)

No 20 (24.7)

Induction chemotherapy regimen

CET+mFOLFOX6 39 (48.1)

CET+FOLFIRI 32 (39.5)

CET+mXELIRI 10 (12.3)

Best overall response during induction therapy

CR/PR 49 (60.5)

SD 32 (39.5)

Abbreviation: CET, Cetuximab.
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(Figure 3a). The factors that influenced PFS and mnPFS according to COX univariate analyses are shown in Table 3. 
Then, we performed a multivariate analysis that depended on the outcomes of the univariate analyses. Multivariate 
analysis demonstrated MT, PR/CR during induction therapy, and an absence of peritoneal metastasis to be positively 
associated with PFS and mnPFS (Table 4). Among the 61 patients who had MT, a significant difference was not detected 
in PFS or mnPFS between the single-agent CET group or CET + chemotherapy group (Table 5).

Subgroup analysis showed that PFS and mnPFS were 11.4 (95% CI = 9.0–13.8) months and 6.4 (95% CI = 4.8–8.0) months 
in the MT group, respectively, which were significantly better than those in the observation group (9.0 (95% CI = 7.7–10.3) 
months and 4.6 (95% CI = 3.3–5.9) months, respectively; p = 0.014 and 0.019 by Log rank test) (Figures 2b and 3b). Median PFS 
of patients who achieved a PR/CR was 12.0 (95% CI = 9.4–14.6) months compared with 9.5 (95% CI = 8.4–10.6) months for 
patients with SD during induction therapy (p = 0.001 by Log rank test) (Figure 2c). PFS for patients who did not have peritoneal 
metastasis was significantly longer than that of patients who had peritoneal metastasis (11.4 months (95% CI = 9.3–13.5) vs 8.5 
months (95% CI = 8.2–8.8), p = 0.009) (Figure 2d). mnPFS was significantly longer (p = 0.005) in patients with a PR/CR during 
induction therapy (6.7 months, 95% CI = 5.0–8.4) compared with that of patients with SD (4 months, 95% CI = 3.4–4.6) 
(Figure 3c). Patients with peritoneal metastasis had much shorter mnPFS (4.0 months, 95% CI = 3.0–5.0) compared with patients 
who did not have peritoneal metastasis (6.0 months, 95% CI = 4.6–7.4; p = 0.001 by Log rank test) (Figure 3d). There was no 
significant difference among other subgroups. In the MT group, median PFS with CET alone or CET + chemotherapy was 9.5 
months (95% CI = 5.9–13.1) and 12.0 months (95% CI = 9.7–14.3), respectively (p = 0.296) (Figure 2e). Median mnPFS with 
CET alone or CET + chemotherapy was 4.5 months (95% CI = 3.0–6.0) and 7.0 months (95% CI = 5.5–8.5), respectively 
(p = 0.227) (Figure 3e).

Safety
Toxicity was assessed for all 81 patients. The prevalence of AEs during MT was lower than that during induction 
chemotherapy (Table 6). The prevalence of toxicity of any grade during induction therapy was 100% (81/81). 
Common treatment-related AEs of any grade were diarrhea (22/81, 27.2%), hand–foot syndrome (18/81, 22.2%), 
rash acneiform (57/81, 70.3%), anemia (26/81, 32.1%), nausea and vomiting (55/81, 67.9%), fatigue (69/81, 85.2%), 

Table 2 Treatment Modes After Induction Therapy

Treatment Modes Number of Patients (%)

All patients N=81

Observation 20 (24.7)

Maintenance 61 (75.3)

Maintenance group N=61

CET 21 (34.4)

CET+ chemotherapy 40 (65.6)

CET+CF 5 (8.2)

CET+ irinotecan 15 (24.6)

CET+ capecitabine 20 (32.8)

Dose reduction during maintenance 12 (19.7)

Maintenance discontinuation

Due to disease progression 37 (60.7)

Due to AEs 12 (19.7)

Abbreviation: AEs, adverse events.
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and neutropenia (65/81, 80.2%). The prevalence of grade-3 toxicity was 39.5% (32/81), including diarrhea (n = 4), 
hand–foot syndrome (n = 3), rash acneiform (n = 9), anemia (n = 2), nausea and vomiting (n = 4), fatigue (n = 9), 
and neutropenia (n = 7). Toxicity of grade ≥4 was not observed. During MT, the most common AEs were of grade 
1–2, and the prevalence of any AE of grade 3 was low. Toxicities such as diarrhea, anemia, fatigue, nausea, and 

Figure 2 Kaplan-Meier plot of progression-free survival (PFS) and log-rank analysis of predictors of CET-based treatment in mCRC patients (n = 81 for a to d, n = 61 for e). 
(a) All patients (b) Maintenance/Observation (c) Best overall response during induction therapy (d) Peritoneal metastasis (e) Maintenance therapy regimen.
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neutropenia were alleviated during MT compared with that during induction therapy. Treatment-related toxicity and 
AEs were well tolerated during MT, with no AE-related deaths during the entire treatment. AEs of grade 3–4 were 
observed in 14.8% (nine of 61) of patients during MT, including rash acneiform, hand–foot syndrome, anemia, 
fatigue, oral mucositis, and neutropenia. Patients who had MT using CET + chemotherapy had more AEs than those 

Figure 3 Kaplan-Meier plot of PFS during maintenance/observation (mnPFS) and log-rank analysis of predictors of CET-based treatment in mCRC patients (n = 81 for a to d, 
n = 61 for e). (a) All patients (b) Maintenance/Observation (c) Best overall response during induction therapy (d) Peritoneal metastasis (e) Maintenance therapy regimen.
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who had MT with CET alone, including nausea and vomiting (27.5% vs 4.8%, p = 0.034), fatigue (55.0% vs 23.8%, 
p = 0.020), and neutropenia (42.5% vs 9.5%, p = 0.008). However, the prevalence of AEs of grade 3–4 AEs 
between MT regimens was not significantly different.

Table 3 Univariate Analyses for PFS and PFS During Maintenance Therapy/Observation (mnPFS)

Characteristics PFS mnPFS

HR (95% CI) p-value HR (95% CI) p-value

Gender 0.801 0.413

Male 1.000 (reference) 1.00 (reference)

Female 1.084 (0.578, 2.034) 1.296 (0.697, 2.410)

Median age (range), years 0.441 0.134

≤65 1.00 (reference) 1.00 (reference)

>65 0.810 (0.474, 1.384) 1.517 (0.879, 2.617)

ECOG performance status before induction therapy 0.309 0.219

0–1 1.00 (reference) 1.00 (reference)

≥2 2.992 (0.362, 24.743) 0.265 (0.032, 2.200)

Primary tumor location 0.823 0.609

Left side 1.00 (reference) 1.00 (reference)

Right side 1.140 (0.361, 3.599) 1.366 (0.414, 4.501)

Peritoneal metastasis or not 0.011 0.036

No 1.00 (reference) 1.00 (reference)

Yes 2.467 (1.23, 4.94) 2.099 (1.050, 4.196)

Surgical resection of primary tumor 0.718 0.817

Yes 1.00 (reference) 1.00 (reference)

No 0.900 (0.506, 1.599) 1.072 (0.596, 1.929)

Chemotherapy regimen

CET+mFOLFOX6 1.00 (reference) 1.00 (reference)

CET+FOLFIRI 0.783 (0.452, 1.356) 0.383 0.900 (0.520, 1.557) 0.707

CET+mXELIRI 0.973 (0.434, 2.180) 0.947 1.225 (0.536, 2.803) 0.630

Best overall response during induction therapy 0.050 0.015

SD 1.00 (reference) 1.00 (reference)

PR/CR 0.591 (0.349, 1.001) 0.511 (0.297, 0.879)

Treatment Modes after induction therapy 0.041 0.044

Observation 1.00 (reference) 1.00 (reference)

Maintenance 0.541 (0.299, 0.976) 0.536 (0.293, 0.982)
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Table 5 Univariate Analyses for PFS and mnPFS with Maintenance Therapy

Characteristics PFS mnPFS

HR (95% CI) p-value HR (95% CI) p-value

Maintenance therapy regimen 0.313 0.251

CET 1.00 (reference) 1.00 (reference)

CET+ chemotherapy 0.747 (0.424, 1.316) 0.719 (0.409, 1.263)

Table 4 Multivariate Analyses for PFS and PFS During Maintenance Therapy/Observation (mnPFS)

Characteristics PFS mnPFS

HR (95% CI) p-value HR (95% CI) p-value

Peritoneal metastasis or not 0.003 0.012

No 1.00 (reference) 1.00 (reference)

Yes 2.521 (1.355, 4.689) 2.213 (1.189, 4.120)

Best overall response during induction therapy 0.013 0.001

SD 1.00 (reference) 1.00 (reference)

PR/CR 0.536 (0.327, 0.878) 0.461 (0.280, 0.757)

Treatment Modes after induction therapy 0.021 0.044

Observation 1.00 (reference) 1.00 (reference)

Maintenance 0.510 (0.288, 0.904) 0.549 (0.307, 0.983)

Table 6 Adverse Events Related to Treatment

AE Induction 
Phase (N/%) 
N=81

Maintenance Phase N=61

CET  
(N/%)

CET+ Chemo  
(N/%)

p-value

N=21 N=40

Diarrhea

All grade 22 (27.2) 2 (9.5) 8 (20.0) 0.294

Grade 3–4 4 (4.9) 0 (0) 0 (0) –

Hand-foot syndrome

All grade 18 (22.2) 7 (33.3) 10 (25.0) 0.490

Grade 3–4 3 (3.7) 0 (0) 1 (2.5) 0.465

Rash acneiform

All grade 57 (70.3) 12 (57.1) 26 (65.0) 0.547

Grade 3–4 9 (11.1) 1 (4.8) 1 (2.5) 0.637

(Continued)
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Discussion
Targeted therapy combined with chemotherapy is first-line treatment for mCRC or recurrent CRC. After stable disease or 
better response is achieved, switching to low-intensity or low-toxicity MT can balance the need for quality of life (QoL) 
while maintaining treatment efficacy for a longer period. Most clinical trials have shown MT with bevacizumab to result 
in survival benefits without seriously compromising QoL.8,9,13 For patients with RAS and RAF wild-type mCRC, clinical 
evidence is lacking on the use of MT after 5-FU-based chemotherapy combined with anti-EGFR therapy. The role of MT 
following chemotherapy plus use of anti-EGFR antibody and the optimal regimen to be adopted has not been established.

We showed that standard first-line CET-based treatment plus CET-based MT could significantly improve the PFS and 
mnPFS of patients with RAS/RAF wild-type mCRC. This regimen had an acceptable toxicity profile. MT achieved the 
expected anti-tumor activity with tolerable AEs, which is similar to results reported from CET-related clinical 
trials.6,7,10,11 PFS and mnPFS were 11.4 months and 6.4 months, respectively, in the MT group, which were significantly 
better than those in the non-MT group (9.0 months and 4.6 months, respectively). In the 61 patients of the MT group, MT 
with CET alone or combined with chemotherapy did not affect PFS or mnPFS. Multivariate analysis revealed peritoneal 
metastasis and non-achievement of a PR/CR during induction therapy to be independent predictors of significantly 
shorter PFS and mnPFS. AE prevalence during MT was lower than that during induction chemotherapy. However, MT 

Table 6 (Continued). 

AE Induction 
Phase (N/%) 
N=81

Maintenance Phase N=61

CET  
(N/%)

CET+ Chemo  
(N/%)

p-value

N=21 N=40

Anemia

All grade 26 (32.1) 2 (9.5) 9 (22.5) 0.210

Grade 3–4 2 (2.5) 0 (0) 1 (2.5) 0.465

Nausea & vomiting

All grade 55 (67.9) 1 (4.8) 11 (27.5) 0.034

Grade 3–4 4 (4.9) 0 (0) 0 (0) –

Fatigue

All grade 69 (85.2) 5 (23.8) 22 (55.0) 0.020

Grade 3–4 9 (11.1) 0 (0) 1 (2.5) 0.465

Oral mucositis

All grade 9 (11.1) 3 (14.3) 8 (20.0) 0.581

Grade 3–4 2 (2/5) 1 (4.8) 0 (0) 0.164

Neutropenia

All grade 65 (80.2) 2 (9.5) 17 (42.5) 0.008

Grade 3–4 7 (8.6) 0 (0) 3 (7.5) 0.198

Hepatotoxicity

All grade 16 (19.8) 3 (14.3) 9 (22.5) 0.443

Grade 3–4 1 (1.2) 0 (0) 0 (0) –
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with CET + chemotherapy led to a higher prevalence of AEs compared with the use of CET alone, including nausea, 
fatigue, and neutropenia.

Bevacizumab was the first evidence-based option because of results from clinical trials (Stop and Go, MACRO, and 
CAIRO3).8,13,14 MT with bevacizumab has become a standard strategy against advanced CRC. Findings from a phase-III 
randomized controlled trial demonstrated significantly improved median PFS (11.7 months vs 8.5 months in the 
observation group, p < 0.0001) with MT of CET plus bevacizumab after induction therapy in patients with mCRC,8 

which agreed with observations from another randomized controlled trial.13

For patients with RAS and RAF wild-type left-sided advanced CRC, chemotherapy with an anti-EGFR agent is standard 
first-line treatment. Previous studies have shown that biweekly cetuximab in combination with chemotherapy is tolerable and 
effective, supporting the use of biweekly cetuximab.15,16 Although not studied extensively, MT with CET against advanced 
CRC has been suggested.10,17 Coin-B is a phase-II trial comparing differences between an observation group and CET MT 
group in patients with mCRC after 12 weeks of chemotherapy combined with CET. Results revealed failure-free survival 
(FFS) in the MT group (14.3 months) to be longer than that in the observation group (12.2 months).18 In the MACROII study, 
after eight cycles of CET plus mFOLFOX6, patients were assigned to CET + chemotherapy or to MT with CET. The effects of 
MT with CET followed by chemotherapy were not inferior to those of CET + chemotherapy.10 The MACBETH study 
explored the role of MT with cetuximab or bevacizumab in patients with RAS and RAF wild-type CRC. Median PFS was 13.3 
(95% CI = 11.2–17.3) months in the CET group and 10.8 (95% CI = 9.3–13.9) months in the bevacizumab group (hazard ratio 
(HR) = 0.73, 95% CI = 0.46–1.17).11 Similarly, in the NORDIC-VII trial, MT with CET alone, with median PFS of 7.5 months 
and median OS of 21.4 months, was more clinically efficacious than FLOX (5-FU/LV and oxaliplatin) combined with CET.17 

Another phase-II clinical trial evaluated the biological activity and safety of capecitabine + CET as novel MT for patients with 
RAS and RAF wild-type CRC. Median PFS using MT was 7.2 (95% CI = 5.8–8.6) months, median PFS was 12.7 (95% CI = 
11.8–15.4) months, and median OS was 27.4 (95% CI = 21.4–35.5) months.7 A prospective study investigated patients with 
treatment response after induction therapy either entered observation (stop treatment) or maintenance treatment 1 (cetuximab 
plus irinotecan) groups. After 6–12 cycles of MT-1, patients entered MT-2 (CET only). Median failure-free survival (mFFS) 
was significantly longer in the MT-1 group compared with that in the observation group (12.7 vs 3.0 months; HR = 0.202, 95% 
CI = 0.111–0.369, p < 0.001). Overall, mFFS was 19.0 months and 9.3 months in the MT group and observation group, 
respectively (HR = 0.211, 95% CI = 0.117–0.380, p < 0.001).19 Similar to our study, those studies implied that an MT regimen 
with CET offered greater efficacy without high toxicities.

Studies have explored the efficacy and safety of MT using CET compared with observation or continuous combined 
chemotherapy. However, a comparison between use of CET alone or combined with chemotherapy has not been made. 
We compared the efficacy of MT using CET monotherapy or combination chemotherapy (irinotecan, 5-FU, capecita-
bine). We found that combination therapy tended to increase PFS, but not significantly so. Hence, use of cetuximab alone 
could achieve a similar effect to that of combined chemotherapy + CET.

We found that the best overall response during induction therapy was associated significantly with PFS and MT duration. 
Early shrinkage of tumors is associated with longer survival in patients receiving CET-based systemic chemotherapy for liver 
metastases from CRC.20,21 Early tumor response is predicted for R0–R1 liver resection and overall survival hazard ratio in 
multivariate analyses.22 Achieving tumor shrinkage is an important goal of chemotherapy and targeted therapy for CRC 
because it can translate to resection.23,24 Thus, early shrinkage of a tumor could be an important clinical objective for rapid 
relief from symptoms, identification of the best candidates for conversion-to-resection25,26 and ultimately lengthening of OS. 
We showed that tumor shrinkage was associated with longer PFS and MT efficacy, which is consistent with previous research 
results. Our results suggest that patients who achieve a PR/CR after induction therapy are good candidates for MT.

Peritoneal metastasis (PM) is associated with a worse prognosis than that for other sites of metastasis.27 PM occurs in 
approximately one in four CRC patients and is a factor of CRC staging and an important prognostic factor of CRC.28 Studies 
have found peritoneal metastasis to be an independent prognostic factor for advanced CRC.29 As a tumor-specific location, no 
definite trial on PM for testing systemic chemotherapy for CRC has been reported. A recent publication reported a mean 
survival for patients having PM of 16.3 (13.5–18.8) months compared with 19.1 (18.3–19.8) months for patients having liver 
isolated metastasis.30 On the basis of those findings, we explored the prognostic value of peritoneal metastasis, which 
indicated that PFS and mnPFS were shorter for patients with CRC who had peritoneal metastasis.
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Maintaining treatment at the initial dose is linked to cumulative AEs (eg, sensory neuropathy after using oxaliplatin) and 
a reduction in QoL. However, ceasing first-line therapy completely can lead to disease progression. One of the most effective 
strategies to solve these problems is an MT approach with a less aggressive agent, lowering toxicity using different drugs 
(usually irinotecan or oxaliplatin), initiating a dose-reduction schedule, or using a different drug. This strategy avoids 
cumulative AEs while retaining more aggressive drugs to combat future disease progression. Consequently, another major 
goal of MT is to reduce the toxicity of continuous chemotherapy and improve the QoL of patients suffering from mCRC. We 
found that the prevalence of AEs during MT was lower than that during induction chemotherapy. During MT, the most 
common AEs were of grade 1–2, and the prevalence of any grade-3 AE was low. For treatment using capecitabine + 
cetuximab, diarrhea, rash acneiform, and hand–foot syndrome may be the first AEs to appear.

Our retrospective study had two main limitations. First, the sample size was small, especially the group without MT, 
which hampered subgroup analyses. Second, the duration of follow-up was short, and the OS value for the whole cohort 
could not be obtained. Thus, the findings of our study must be confirmed in large prospective studies.

Conclusion
In patients with RAS and RAF wild-type mCRC, cetuximab-based MT after induction therapy improves PFS and mnPFS 
with tolerable AEs. There was no significant advantage for combined MT compared with use of CET alone. However, 
diarrhea, neutropenia, and nausea were observed more often in patients who had combined MT.

Abbreviations
CET, Cetuximab; mCRC, metastatic colorectal cancer; MT, maintenance therapy; PFS, progression-free survival; 
mnPFS, maintenance/observation progression-free survival; FFS, failure-free survival; OS, overall survival; AE, adverse 
event; CR, complete response; PR, partial response; SD, stable disease; QoL, quality of life.
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