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Background: After the failure of standard first- and second-line treatments, including oxaliplatin, 
irinotecan, and 5-fluorouracil (5-FU) combined with targeted drugs, the currently recommended third-line 
regimens for metastatic colorectal cancer (mCRC) include TAS-102, regorafenib, and fruquintinib. However, 
these regimens have the drawbacks of mediocre efficacy, substantive side effects, and high cost. Therefore, 
more effective, economical regimens with fewer side effects are needed in clinical practice. In this study, we 
assessed the efficacy and safety of gemcitabine plus raltitrexed or S-1 as a third- or later-line treatment in 
comparison to those of standard third-line therapies for patients with mCRC.
Methods: Patients with previous failures of at least two lines of standard therapy with oxaliplatin, 5-FU, 
irinotecan, or capecitabine combined with targeted drugs were included. The participants received standard 
third-line therapies (including TAS-102, regorafenib, and fruquintinib) or gemcitabine plus raltitrexed or 
S-1 until disease progression, death, or intolerable toxicity arose. Imaging follow-up was performed every  
3 months during their treatment. Progression-free survival (PFS) and overall survival (OS) were recorded. 
Cox regression analysis was used to investigate the potential predictors of survival. 
Results: From April 2018 to October 2022, 60 patients with mCRC were enrolled in our study. The 
numbers of patients in the chemotherapy, fruquintinib, regorafenib, and TAS-102 groups were 13, 15, 
17, and 15, respectively; the median OS of the four groups was 7.4, 6.1, 8.3, and 6.7 months (P=0.384), 
respectively; the median PFS was 4.1, 3.4, 4.4, and 2.3 months (P=0.656), respectively; the overall response 
rate was 7.69%, 6.67%, 0.00%, and 13.33%, respectively; and the disease control rate was 61.54%, 60.00%, 
70.59%, and 60.00%, respectively. Additionally, multivariate analysis revealed that primary lesion located in 
the rectum was adverse independent prognostic factors for OS. A typical case is presented in this article.
Conclusions: The gemcitabine plus raltitrexed or S-1 regimen is a potential regimen with tolerable 
adverse reactions and low cost for patients with mCRC.
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Introduction

Colorectal cancer (CRC), including colon and rectal cancer, 
is the third leading cause of cancer death worldwide (1)  
and one of the most common malignant tumors in China. 
Thus far, surgical resection is the main treatment for 
non-metastatic colorectal cancer (non-mCRC), while 
for unresectable mCRC, chemotherapy combined with 
targeted therapies is the standard palliative treatment (2) 
and can include the combination of FOLFIRI (folinic 
acid + fluorouracil + irinotecan), FOLFOX (folinic acid + 
fluorouracil + oxaliplatin), or CAPOX (capecitabine and 
oxaliplatin) with targeted drugs such as cetuximab (3), 
bevacizumab (4), and panitumumab (5) as first- or second-
line treatments. In China, TAS-102 (6), regorafenib (7), 
and fruquintinib (8) have been approved as third-line 
regimens for mCRC. However, no single regimen shows 
superior survival (9-11). Meanwhile, the current standard 
treatments also have certain limitations, such as high cost 
and side effects, including hypertension and hand and foot 
skin reaction. More reliable treatment options are needed 
for patients with financial limitations, intolerance to adverse 
reactions, or with a preference for alternative therapies.

Gemcitabine [2',2'-difluoro-2'-deoxycytidine (dFdC)] is a 

nucleoside analogue which can be metabolized intracellularly 
into gemcitabine mono-(dFdCMP), di-(dFdCDP), and 
triphosphate (dFdCTP) by deoxycytidine kinase and 
other nucleotide kinases (12). By inhibiting the activity of 
ribonucleotide reductase (RNR), dFdCDP suppresses the 
production of deoxyribonucleoside-triphosphate (dCTP), 
which is essential for DNA synthesis. Moreover, dFdCTP 
competes with dCTP for increased incorporation into 
DNA strands which results in DNA strand termination and 
cellular apoptosis (13).

Raltitrexed, an antimetabolic folate-like analogue, 
specifically and directly inhibits thymidylate synthase (TS), 
which is the key enzyme in the synthesis of thymidine 
triphosphate (TTP), leading to DNA fragmentation and 
cell apoptosis. Additionally, after its ingestion into cells 
and conversion into active folylpolyglutamates, raltitrexed 
folylpolyglutamates promote antitumor activity by 
enhancing the inhibitory ability of TS and prolonging the 
inhibition time (14).

S-1 is an oral fluoropyrimidine derivative composed of 
tegafur (FT), gimeracil (CDHP), and oteracil potassium 
(Oxo).  After oral  administration, FT is gradually 
converted into 5-fluorouracil (5-FU). CDHP enhances 
the concentration of 5-FU by reversibly inhibiting DPD, 
which is the catabolic enzyme of fluorouracil present in the 
liver. Oxo can selectively and reversibly inhibit the activity 
of the 5-FU distributed in the gastrointestinal tract and 
thus decreases gastrointestinal toxicity without affecting the 
antitumor activity of 5-FU (15).

The combination of gemcitabine with raltitrexed or 
S-1 has been proven effective as a therapy for pancreatic 
cancer (16-18) and biliary tract cancer (19) with tolerable 
toxicity. Raltitrexed was demonstrated to have a similar 
effect like 5-FU (20) while being more suitable for patients 
with mCRC and cardiologic risk factors or previous 
cardiotoxicity. Thus, in this study, we selected gemcitabine 
plus raltitrexed as the preferred regimen. Small-scale 
research has suggested the effectiveness of S-1 as a third- 
or later-line regimen for patients with refractory mCRC 
(21-23). Furthermore, S-1 has been proven to be highly 
effective in gastric cancer and pancreatic cancer with 
peritoneal metastasis by virtue of its high rate of transition 
into the peritoneal cavity (24,25). On the basis of the results 
of previous studies (24,25), we selected gemcitabine plus S-1 
to treat patient with mCRC and peritoneal metastasis.

A randomized controlled trial (RCT) needs to meet 
stringent conditions including randomization, adequate 
sample size, unbiased outcomes and blinding and so on. The 
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above conditions could not be met due to the limitations 
of the hospital size, numbers of patients and participating 
researchers. In addition, every treatment opportunity for 
mCRC patients is precious. It is not appropriate to conduct 
an RCT before the preliminary evaluation of efficacy and 
tolerable toxicity. Thus, we conducted this retrospective 
study to assess the feasibility of a future RCT.

In the present study, combinations of gemcitabine plus 
S-1 or raltitrexed were evaluated as a third- or later-line 
treatment for its efficacy and safety in mCRC patients 
whose cancer progressed after at least a second-line 
treatment. We present this article in accordance with the 
STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-24-76/rc).

Methods

Study design and patient population

We enrolled patients with mCRC who received gemcitabine 
plus raltitrexed or S-1, TAS-102, regorafenib, or 
fruquintinib at The Second Affiliated Hospital of Soochow 
University from April 1, 2018 to October 31, 2022. Limited 
by the size of the hospital and the number of patients who 
underwent treatments, we failed to enroll the expected 
number of cases. Anyway, we included as many patients as 
possible who met the inclusion criteria in the study. Data 
on the following clinical characteristics were collected from 
these patients: sex, age, primary location, primary tumor 
resection, time to metastasis, metastasis management, 
number of metastatic organs, gene mutation status, and line 
of treatment.

The enrolled patients were required fulfill the following 
criteria: (I) a confirmed diagnosis of colon or rectal cancer 
via endoscopic biopsy or postoperative pathology; (II) 
mCRC with one or more measurable lesions according 
to the Response Evaluation Criteria in Solid Tumors 
(RECIST) 1.1; (III) failure or intolerance of at least 
two lines of standard therapies with oxaliplatin, 5-FU, 
irinotecan, or capecitabine regardless of targeted drugs; 
and (IV) age ≥18 years. Patients with other malignancies 
were excluded (except for cervical carcinoma in situ and 
skin basal cell carcinoma). Patients were excluded for the 
following reasons: lost to follow-up, protocol violation, 
voluntary withdrawal, and involuntary withdrawal. This 
retrospective study was approved by The Second Affiliated 
Hospital of Soochow University Ethics Committee (No. 
JD-HG-2023-016). All eligible patients signed a written 

informed consent prior to their participation. This study 
was conformed to the provisions of the Declaration of 
Helsinki (as revised in 2013).

Treatment

The enrolled patients chose therapeutic regimens on the 
basis of their individual physical and financial status. A 
combination regimen of chemotherapy was administered in 
this study, consisting of gemcitabine plus raltitrexed or S-1, 
and the dose schedules, which were repeated in a 3-week 
cycle, were as follows: gemcitabine 1,000 mg/m2 on days 
1 and 8, raltitrexed 3 mg/m2 on day 1, or S-1 1,250 mg/m2 
orally twice per day on days 1–14. The fruquintinib dose 
was 5 mg per day on days 1–21, which was repeated every 
28 days; the regorafenib dose was 160 mg once a day on 
days 1–21 in a 28-day cycle; and the dose of TAS-102 was 
35 mg/m2 (maximum 80 mg/m2), which was given twice a 
day on day 1–5 and 8–12 in a 28-day cycle. Treatment was 
maintained until disease progression, intolerance of toxicity, 
patient rejection, or death.

Efficacy and safety assessment

During treatment, clinical and imaging follow-up with 
contrast-enhanced computerized tomography (CT) 
and enhanced magnetic resonance imaging (MRI) were 
performed every 3 months. Laboratory tests, including 
blood routine, biochemistry, and serum tumor markers 
detection, were performed every 3 weeks. The patients 
with disease progression were followed up by telephone 
every 1 month until death or the last follow-up date if the 
patient was still alive. The tumor response was assessed 
according to RECIST (version 1.1) as follows: complete 
response (CR), partial response (PR), stable disease (SD), 
and progressive disease (PD). The objective response rate 
(ORR; ORR = CR + PR) and the disease control rate (DCR; 
DCR = CR + PR + SD) were analyzed as measurements 
of efficacy. Adverse reactions were assessed based on the 
National Cancer Institute (NCI) Common Toxicity Criteria 
for Adverse Events (CTCAE) version 5.0.

Statistical analysis

The study endpoints included progression-free survival 
(PFS) and overall survival (OS). The PFS was estimated 
from the initiation of the regimen to disease progression 
or death without evidence of progression. The OS 

https://jgo.amegroups.com/article/view/10.21037/jgo-24-76/rc
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was recorded from the initiation of the target regimen 
application to death or the last follow-up date if the patient 
was still alive. The chi-square test was applied to compare 
the constituent ratio among the groups. Survival analysis 
was performed using GraphPad Prism 8.4.2 (GraphPad 
Software Inc., La Jolla, CA, USA) with the Kaplan-Meier 
method for median estimation and the 95% confidence 
interval (CI) for the incidence of events. The log-rank test 
was used for subgroup analysis. Cox regression analysis 
was used to investigate potential predictors of survival. 
Statistical analysis was conducted with SPSS software 25.0 
(IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

From April 2018 to October 2022, based on the size of the 
hospital and the study inclusion criteria, 60 patients with 
mCRC were enrolled in our study, 38 (63.3%) of whom 
were male. The median age was 60.6 years old, and the 
other patient characteristics are summarized in Table 1. 
Among these patients, 13 received chemotherapy (8 were 
treated as gemcitabine plus raltitrexed and 5 were treated 
as gemcitabine plus S-1) (Table 2), 15 received fruquintinib, 
17 received regorafenib, and 15 received TAS-102. The 

Table 1 Patient characteristics

Characteristics All (N=60)
Chemotherapy 

(N=13)
Fruquintinib (N=15)

Regorafenib 
(N=17)

TAS-102 (N=15) P value

Sex 0.72

Male 38 (63.3) 8 (13.3) 11 (18.3) 11 (18.3) 8 (13.3)

Female 22 (36.7) 5 (8.3) 4 (6.7) 6 (10.0) 7 (11.7)

Age, years 60.6 [30–82] 57.7 [38–76] 58.1 [30–77] 63.8 [47–82] 61.9 [47–78] 0.94

≤65 43 (71.7) 10 (16.7) 11 (18.3) 12 (20.0) 10 (16.7)

>65 17 (28.3) 3 (5.0) 4 (6.7) 5 (8.3) 5 (8.3)

Primary location 0.57

Colon 39 (65.0) 8 (13.3) 12 (20.0) 10 (16.7) 9 (15.0)

Rectum 21 (35.0) 5 (8.3) 3 (5.0) 7 (11.7) 6 (10.0)

Primary tumor resection 0.918

Yes 54 (90.0) 12 (20.0) 14 (23.3) 15 (25.0) 13 (21.7)

No 6 (10.0) 1 (1.7) 1 (1.7) 2 (3.3) 2 (3.3)

Time to metastasis 0.51

Synchronous 33 (55.0) 7 (11.7) 9 (15.0) 7 (11.7) 10 (16.7)

Metachronous 27 (45.0) 6 (10.0) 6 (10.0) 10 (16.7) 5 (8.3)

Metastasis management 0.001

Yes 38 (63.3) 8 (13.3) 10 (16.7) 10 (16.7) 10 (16.7)

No 22 (36.7) 5 (8.3) 5 (8.3) 7 (11.7) 5 (8.3)

Number of metastatic organs 0.05

<3 9 (15.0) 1 (1.7) 5 (8.3) 0 3 (5.0)

≥3 51 (85.0) 12 (20.0) 10 (16.7) 17 (28.3) 12 (20.0)

Gene mutation status 0.005

Wild type 30 (50.0) 11 (18.3) 3 (5.0) 10 (16.7) 6 (10.0)

Mutant 30 (50.0) 2 (3.3) 12 (20.0) 7 (11.7) 9 (15.0)

Line of treatment 0.51

≤3 17 (28.3) 4 (6.7) 2 (3.3) 6 (10) 5 (8.3)

>3 43 (71.7) 9 (15.0) 13 (21.7) 11 (18.3) 10 (16.7)

Data are presented as median [range] or number (percentage).
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primary tumor location was the colon and the rectum in 
39 (65%) and 21 (35.0%) patients, respectively. Most of 
the patients (90%) had undergone radical or palliative 
surgery of the primary tumor. Moreover, 51 (85%) of the 
participants had metastases in 3 or more organs, and 9 
(15%) had metastases in less than 3 organs. The number of 
patients with and without gene mutation each accounted 
for half of the total. The regimens conducted in this study 

were beyond the third line for most patients (71.7%). More 
than half (55%) of the patients had synchronous distant 
metastases at diagnosis. Moreover, metastasis managements 
were performed on 38 (63.3%) patients and included local 
radiotherapy, radiofrequency ablation (RFA), transcatheter 
arterial chemoembolization, metastasis resection, and 
hyperthermic intraperitoneal chemotherapy. In general, 
there were differences of baseline comparisons in metastasis 

Table 2 Patient characteristics of chemotherapy group

Characteristics Gemcitabine plus raltitrexed (N=8) Gemcitabine plus S-1 (N=5)

Sex

Male 4 (30.8) 4 (30.8)

Female 4 (30.8) 1 (7.7)

Age, years 50 [38–57] 62.5 [50–76]

≤65 5 (38.5) 5 (38.5)

>65 3 (23.1) 0

Primary location

Colon 4 (30.8) 3 (23.1)

Rectum 4 (30.8) 2 (15.4)

Primary tumor resection

Yes 7 (54.8) 5 (38.5)

No 1 (7.7) 0

Time to metastasis

Synchronous 3 (23.1) 4 (30.8)

Metachronous 5 (38.5) 1 (7.7)

Metastasis management

Yes 4 (30.8) 4 (30.8)

No 4 (30.8) 1 (7.7)

Number of metastatic organs

<3 8 (61.5) 1 (7.7)

≥3 0 4 (30.8)

Gene mutation status

Wild type 6 (46.2) 5 (38.5)

Mutant 2 (15.4) 0

Line of treatment

≤3 3 (23.1) 1 (7.7)

>3 5 (38.5) 4 (30.8)

Data are presented as median [range] or number (percentage).
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management, number of metastatic organs and gene 
mutation status among the four groups. 

Survival time and efficacy

Regarding tumor response, none of the enrolled patients 
achieved CR. As shown in Figure 1 and Table 3, in the 
chemotherapy group, the median PFS was 4.1 months 
(95% CI: 1.75–6.45), the ORR was 7.69% (1/13), and the 
DCR was 61.54% (8/13). Separately, in the fruquintinib 
group, patients had a median PFS of 3.4 months (95% 
CI: 0.77–6.03), an ORR of 6.67% (1/15), and a DCR of 
60.00% (9/15), with 1 (6.67%) patient achieving PR and 8 
(53.33%) patients achieving SD. In the regorafenib group, 
the median PFS was 4.4 months (95% CI: 2.11–6.69), and 
the DCR was 70.59% (12/17), with no patients achieving 
CR or PR. In the TAS-102 group, the PFS was 2.3 months 
(95% CI: 0–5.51), the ORR was 13.33% (2/15), and the 
DCR was 60.00% (9/15), with 2 patients achieving PR. The 
median OS of the chemotherapy, fruquintinib, regorafenib, 

and TAS-102 groups was 7.4 months (95% CI: 3.77–11.03),  
6.1 months (95% CI: 2.75–9.45), 8.3 months (95% 
CI: 5.16–11.44), and 6.7 months (95% CI: 4.68-8.72), 
respectively (Figure 2).

To further verify the relationship between the clinical 
characteristics and prognosis of patients with mCRC, 
univariate analyses were performed (Table 4). In the 
univariate analysis, the primary lesion location was revealed 
to be significantly associated with OS in patients with 
mCRC (P=0.01). Based on the multivariate Cox regression 
analysis, primary lesion located in the rectum [hazard ratio 
(HR) =2.22, 95% CI: 1.08–4.55] was adverse independent 
prognostic factors for OS.

Safety assessment

The adverse reactions are shown in Table 5. The incidence 
of adverse reactions in the chemotherapy group was higher 
than that in the other three groups, including neutropenia 
(69.23%), anemia (38.46%), thrombocytopenia (38.46%), 
nausea (46.15%), vomiting (23.08%), fatigue (46.15%) 
and diarrhea (38.46%). The toxicity was manageable 
with adequate symptomatic supportive care. No grade 4 
treatment-related adverse reactions or deaths occurred.

Case example

A 64-year-old man was diagnosed with right colon cancer 
with synchronous liver metastases. The patient underwent 
radical right hemicolectomy and postoperative adjuvant 
chemotherapy with FOLFOX. Four months after his 
surgery, the patient developed a new metastasis in the lesser 
curvature of the stomach He received FOLFIRI as the Figure 1 Kaplan-Meier analysis of progression-free survival.
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Table 3 Summary of response assessment

Response All, n (%) Chemotherapy, n (%) Fruquintinib, n (%) Regorafenib, n (%) TAS-102, n (%)

Total 60 (100.00) 13 (21.67) 15 (25.00) 17 (28.33) 15 (25.00)

CR 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

PR 4 (6.67) 1 (7.69) 1 (6.67) 0 (0.00) 2 (13.33)

SD 34 (56.67) 7 (53.85) 8 (53.33) 12 (70.59) 7 (46.67)

PD 22 (36.67) 5 (38.46) 6 (40.00) 5 (29.41) 6 (40.00)

ORR 4 (6.67) 1 (7.69) 1 (6.67) 0 (0.00) 2 (13.33)

DCR 38 (63.33) 8 (61.54) 9 (60.00) 12 (70.59) 9 (60.00)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease 
control rate.
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first-line treatment. XELOX was replaced as the second-
line treatment when the lung metastasis occurred during 
follow-up. During this period, the patient underwent three 
CT-guided RFA. First- and second-line treatments lasted 
for a total of 13 months. After second-line treatment, 
disease progression recurred in the left lower lobe and 
the right cardiophrenic angle (Figure 3A,3B). The patient 
was administered the gemcitabine and raltitrexed regimen 
(a 3-week cycle of gemcitabine 1.4 g on days 1 and 8 
plus raltitrexed 5 mg on day 1). The tumor response was 
evaluated as PR after three cycles (Figure 3C,3D) and SD 
after six cycles (Figure 3E,3F) of treatment via contrast-
enhanced CT. The regimen lasted for approximately 
8.6 months until a new progression occurred. During 
the course of the treatment, the regular tumor response 

assessment showed SD. Grade 1 neutropenia occurred 
during the treatment and improved after the granulocyte 
colony-stimulating factor (G-CSF) treatment.

Discussion

In our study, gemcitabine plus ralt itrexed or S-1 
demonstrated some antitumor activity in mCRC. In the 
chemotherapy group, the median PFS was 4.1 months 
(95% CI: 1.75–6.45), the ORR was 7.69% (1/13), and the 
DCR was 61.54% (8/13). According to the DCR (61.54%), 
median PFS (4.1 vs. 2.3 vs. 4.4 months), and median OS 
(7.4 vs. 6.1 vs. 8.3 months) of the chemotherapy group, we 
interpreted that the chemotherapy indicated the similar 
efficacy compared with those of the other three regimens.

In China, the morbidity and mortality of CRC have 
been increasing over the years (26). The standard medical 
treatments for CRC include initial regimens of 5-FU, 
oxaliplatin, and irinotecan combined with targeted drugs 
(cetuximab, bevacizumab, and panitumumab), and third-line 
treatments, such as regorafenib, fruquintinib, and TAS-102. 
Due to the current multidisciplinary treatments of surgery, 
radiotherapy, cytotoxic therapies, and target-specific agents, 
the survival time has been effectively prolonged (27). 
Nevertheless, the efficiency of the later-line treatment for 
patients with progression after the receipt of these regimens 
remains inconclusive, and providing further treatment for 
these patients remains a challenge for oncologists.
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Figure 2 Kaplan-Meier analysis of overall survival.

Table 4 Univariate and multivariate analyses of the prognostic factors for PFS and OS

Characteristic

PFS OS

Univariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Sex 1.64 (0.93–2.87) 0.09 0.74 (0.38–1.44) 0.38

Age 1.14 (0.63–2.08) 0.66 0.59 (0.31–1.13)* 0.11* 0.57 (0.29–1.12) 0.10

Primary location 0.89 (0.50–1.59) 0.70 2.53 (1.24–5.16)* 0.01* 2.22 (1.08–4.55)* 0.03*

Primary tumor resection 1.39 (0.55–3.54) 0.48 0.46(0.16-1.35) 0.15

Time to metastasis 0.98 (0.57–1.70) 0.94 0.71 (0.39–1.31) 0.27

Metastasis management 0.87 (0.50–1.53) 0.63 0.78 (0.42–1.45) 0.42

Number of metastatic organs 1.01 (0.47–2.16) 0.98 0.46 (0.16–1.29)* 0.14* 0.42 (0.15–1.24) 0.11

Gene mutation status 1.25 (0.73–2.17) 0.41 0.83 (0.44–1.56) 0.55

Line of treatment 1.49 (0.77–2.88) 0.23 0.83 (0.40–1.71) 0.61

To ensure adequate independent variables were included, we expanded the P value range to <0.15. *, significant values. PFS, progression-
free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Table 5 Summary of adverse event assessment

Adverse reaction
Chemotherapy Fruquintinib Regorafenib TAS-102

Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Hematological

Neutropenia 7 (53.85) 2 (15.38) 0 (0) 0 (0) 0 (0) 0 (0) 7 (46.67) 1 (6.67)

Anemia 5 (38.46) 0 (0) 0 (0) 0 (0) 1 (5.88) 0 (0) 8 (53.33) 0 (0)

Thrombocytopenia 5 (38.46) 0 (0) 1 (6.67) 0 (0) 1 (5.88) 0 (0) 4 (26.67) 0 (0)

Nonhematological

Nausea 6 (46.15) 0 (0) 2 (13.33) 0 (0) 2 (11.76) 0 (0) 6 (40.00) 0 (0)

Vomiting 3 (23.08) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (20.00) 0 (0)

Fatigue 6 (46.15) 0 (0) 3 (20.0) 0 (0) 6 (35.29) 0 (0) 5 (33.33) 0 (0)

Diarrhea 5 (38.46) 0 (0) 2 (13.33) 0 (0) 4 (23.53) 0 (0) 5 (33.33) 0 (0)

Rash 0 (0) 0 (0) 0 (0) 0 (0) 3 (17.65) 0 (0) 0 (0) 0 (0)

Petechiae/purpura 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Hypertension 0 (0) 0 (0) 5 (33.33) 0 (0) 3 (17.65) 0 (0) 0 (0) 0 (0)

Transaminase increased 2 (15.38) 0 (0) 1 (6.67) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Hyperbilirubinemia 1 (7.69) 0 (0) 2 (13.33) 0 (0) 1 (5.88) 0 (0) 1 (6.67) 0 (0)

Hand-foot skin reaction 0 (0) 0 (0) 5 (33.33) 1 (6.67) 5 (29.41) 1 (5.88) 0 (0) 0 (0)

Oral mucositis 0 (0) 0 (0) 2 (13.33) 0 (0) 4 (23.53) 1 (5.88) 0 (0) 0 (0)

Fever 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (6.67) 0 (0)

Dysphonia 0 (0) 0 (0) 4 (26.67) 0 (0) 3 (17.65) 0 (0) 0 (0) 0 (0)

Proteinuria 0 (0) 0 (0) 4 (26.67) 0 (0) 1 (5.88) 0 (0) 2 (13.33) 0 (0)

Data are presented as number (percentage).

A previous study revealed that the combination of 
S-1 and raltitrexed can prolong the ORR in the third- or 
later-line treatment of patients with mCRC (28). In other 
research, irinotecan plus raltitrexed proved to be promising 
regimen for patients with oxaliplatin-refractory mCRC (29).  
A proportion of patients who have previously received 
the standard and the most effective regimens experienced 
disease progression. For those patients who cannot receive 
standard third-line treatments due to an intolerance of 
side effects or high cost, a more economical and efficient 
regimen is needed for third- or later-line treatment. 
Considering the convenience of administration and lack 
of cardiotoxicity of 5-FU, we excluded those drugs that 
had been used in the first- and second-line treatments and 
finally administered the therapy of gemcitabine combined 
with raltitrexed or S-1.

Additionally, the cost effectiveness of each regimen 

was evaluated. The regimen of fruquintinib cost CNY 
¥2,262 per cycle, that of regorafenib regimen cost CNY 
¥2,897 per cycle, and that of TAS-102 ranged from CNY 
¥12,848 to CNY ¥13,755 per month. If the above regimens 
were combined with immunotherapy, an additional cost 
of CNY ¥2,100 would be incurred per cycle. The cost of 
the chemotherapy regimen fluctuated between CNY ¥872 
and CNY ¥3,645 for each cycle. With similar efficacy, the 
cost of chemotherapy was much less than that of the other 
standard third-line therapies.

Toxicity is a particularly important factor in patients with 
mCRC who have undergone multiple lines of treatment. 
The most common adverse events of chemotherapy are 
hematological toxicity, including neutropenia (69.23%), 
anemia (38.46%), and thrombocytopenia (38.46%). With 
adequate supportive and symptomatic treatment, the 
incidence of adverse reactions can be tolerable. 
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Figure 3 Representative chest and abdomen CT images. (A,B) The CT images before the application of gemcitabine and raltitrexed. 
Disease progression recurred in the left lower lobe and the right cardiophrenic angle after second-line treatment. (C,D) The CT images 
after three cycles of the regimen. The solid nodule in the left lower lobe was similar in size to that previously observed, with reduced 
internal density and vacuoles. The right cardiophrenic angle lymph node was smaller than that previously observed. The tumor response was 
evaluated as PR. (E,F) The CT images after eight cycles of the regimen. The solid nodule in the left lower lobe and the right cardiophrenic 
angle lymph node were similar as those previously observed. The tumor response was evaluated as SD. CT, computed tomography; PR, 
partial response; SD, stable disease.

A

C

B

D

E F

Our study has several limitations. The main drawbacks 
include the retrospective design and the limited number of 
participants. Despite the relatively ideal results obtained, 
the number of patients in the chemotherapy group was 
insufficient for reclassification and further analysis. A larger 
population size and rigorous prospective studies are required 
to further confirm the efficacy of this therapy. Moreover, 

clinical heterogeneity was present in the interventions 
and characteristics of the patients. Thus, we attempted to 
classify the population characteristics and performed Cox 
regression analysis to investigate independent prognostic 
factors. Despite the present limitations of our trial, our 
findings support the viability of a novel clinical option for 
third- and later-line therapies in patients with mCRC.
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Conclusions

In summary, the gemcitabine plus raltitrexed or S-1 regimen 
achieved a therapeutic effect not worse off than that in the 
currently practiced standard third-line treatments. With 
certain therapeutic effect, tolerable adverse reactions and 
low cost, this regimen represents a potentially therapeutic 
option for patients with mCRC in clinical work.
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