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Abstract. The present study evaluated the efficiency, prog-
nostic factors for and the safety of irinotecan combined with
raltitrexed (TOMIRI) in patients with metastatic colorectal
cancer (CRC). Outcome data of patients who received
TOMIRI as first-, second- and third- or later-line treatment
regimens were assessed to compare the efficacy of this
regimen. Progression-free survival (PFS), overall survival
(0OS), objective response rate (ORR) and disease control rate
(DCR) were evaluated for each group. Kaplan-Meier curves
and univariate and multivariate analyses were performed
to evaluate efficacy. From January 2017 to December 2019,
TOMIRI was administered as a first-line treatment in
23 patients, second-line treatment in 164 patients and third- or
later-line treatment in 18 patients. Irinotecan and 5-fluoro-
uracil (FOLFIRI) was administered to another 50 patients,
who served as the control group. The median PFS was 9, 7
and 6 months and the median OS was 37,21 and 17 months for
first-, second- and third- or later-line treatments, respectively.
The ORRs of the included patients were 21.7, 13.4 and 11.1%,
respectively, and the DCRs were 91.3, 81.7 and 66.7%, respec-
tively. Compared with FOLFIRI, TOMIRI as a second-line
chemotherapy treatment was associated with longer survival
of the patients with CRC. Further analysis demonstrated that
pathologic tumor-node-metastasis category, carcinoembry-
onic antigen, carbohydrate antigen 19-9, treatment cycles,
targeted therapy, treatment of local metastases and first-line
PFS were prognostic factors for second-line treatment.
Among these, the number of treatment cycles was of vital
importance. Hepatic dysfunction was the most commonly
reported grade 1-2 (55.1%) and grade 3-4 (7.3%) adverse event.
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Neutropenia (12.2%), thrombocytopenia (10.2%), anemia
(27.3%), proteinuria (38.1%) and hematuria (21.0%) were also
common grade 1-2 adverse events. In conclusion, TOMIRI
may be recommended as an effective and safe second-line
treatment for metastatic CRC in the clinic.

Introduction

Colorectal cancer (CRC) currently has the fourth highest
incidence of all cancer types and is the second leading cause
of cancer-related mortality in the US (1). Given that the 5-year
overall survival (OS) rate of patients with CRC is ~52.37% (2),
it is necessary to identify more effective treatments for these
patients. At present, the standard first-line chemotherapy
regimens are combinations of 5-fluorouracil and oxali-
platin (CAPEOX/FOLFOX) or 5-fluorouracil and irinotecan
(FOLFIRI). If one first-line treatment fails, the other regimen
is used for second-line treatment. However, the reported
incidence of fluoropyrimidine-related cardiac toxicity varies
from 1.5-18% (3). It is therefore necessary to develop effective
alternatives to fluoropyrimidines.

The ARCTIC study reported that raltitrexed, alone or in
combination with oxaliplatin or irinotecan, provided a safe
option for patients who had previously developed cardiac
toxicity from 5-fluorouracil or capecitabine (3). Raltitrexed
has been recommended by the European Society for
Medical Oncology, National Institute for Health and Clinical
Excellence and Chinese Society of Clinical Oncology as
an alternative to fluoropyrimidines and is widely used as
such (4,5). A phase II study of irinotecan combined with
raltitrexed (TOMIRI) as second-line therapy for CRC was
conducted in 2003 (6). The same group reported a median OS
(mOS) of 11.9 months and median progression-free survival
(mPFS) of 4.6 months. The main adverse events (AEs) of this
regimen were diarrhea, weakness, vomiting, infection and
neutropenia. Other studies have also reported the efficacy of
this combination for treating CRC (7,8). However, the effi-
cacy of TOMIRI chemotherapy in the real world still needs
to be further elucidated.

Thus, in the present study, clinical experience with
TOMIRI chemotherapy in a real-world setting was summa-
rized. Furthermore, a series of possible prognostic factors
were assessed to identify those factors that predicted beneficial
outcomes.
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Materials and methods

Study cohort. The cohort of the present single-institution,
retrospective and observational study included 205 patients
with advanced CRC who had received TOMIRI chemotherapy
at Harbin Medical University Cancer Hospital (Harbin, China)
between January 2017 and December 2019 and had provided
written informed consent to this treatment. The inclusion
criteria were as follows: i) Histological diagnosis of advanced
CRC; and ii) patients had received TOMIRI chemotherapy
with or without targeted therapy. The exclusion criteria were
as follows: i) History of other malignancies; and ii) patients
without efficacy evaluation every 3-4 cycles. In addition,
50 patients who had received FOLFIRI as second-line chemo-
therapy were used as controls. The inclusion criteria were as
follows: 1) Histological diagnosis of advanced CRC in Harbin
Medical University Cancer Hospital; and ii) patients had
received FOLFIRI chemotherapy with or without targeted
therapy between May 2014 to December 2020.

Efficacy was compared between patients who had received
TOMIRI as a first-line and third- or later-line treatment, after
which the clinical efficacy of TOMIRI in patients who had
received it as second-line chemotherapy was focused on. A
flow chart of the study is presented in Fig. SI.

Data collection. Basic patient characteristics, such as chemo-
therapy regimen, treatment cycles, clinical efficacy and AEs,
were independently extracted from medical records by two
physicians, as were findings from imaging examinations,
including abdomen, chest and pelvis enhanced computed
tomography, and liver and rectal nuclear magnetic resonance
imaging. These had been performed every two or three
cycles as necessary to evaluate the efficacy of chemotherapy.
Laboratory findings were collected to analyze AEs after treat-
ment with TOMIRI, including white blood cell count, red
blood cell count, hemoglobin, platelet count, urinalysis, liver
function tests, renal function tests and electrocardiograms.
Carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA19-9) concentrations were recorded prior to the first
cycle of TOMIRI. Age and pathologic tumor-node-metastasis
(pPTNM) stage at the time of initial diagnosis were recorded.
The last follow-up was in December 2021.

Data assessment. The primary endpoints in the present study
were OS, PFS, objective response rate (ORR) and disease
control rate (DCR). The secondary endpoint was AEs. Tumor
responses were assessed in accordance with the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
1.1) (9), namely complete remission (CR), partial remission
(PR), stable disease (SD) and progressive disease (PD), which
were evaluated by two independent physicians. ORR was
defined as the sum of patients with complete and partial remis-
sions. The DCR was calculated as the sum of patients with
complete and partial remissions and SD. PFS was defined as
the time from the start of TOMIRI chemotherapy to detection
of any form of disease progression. OS was defined as the time
from the start of TOMIRI chemotherapy to mortality from
any cause. Treatment-related toxicity was graded according
to the Common Terminology Criteria for Adverse Events
version 5.0 (10).

Statistical analysis. Basic patient characteristics were analyzed
by descriptive statistics. Survival curves were constructed
using the Kaplan-Meier method and compared using the
log-rank test. In the event of late-stage crossover of curves, the
two-stage test was performed using the R package ‘TSHRC’
(Version 0.1.6; R Foundation for Statistical Computing) (11).
Pairwise comparisons were performed using the log-rank test
with the R package ‘survminer’ (Version 3.5.5; R Foundation for
Statistical Computing) and R package ‘survival’ (Version 0.4.9;
R Foundation for Statistical Computing). Age, sex, tumor stage,
treatment cycles, the use of targeted therapy, surgery (yes or no),
tumor location, treatment interval, local treatment (yes or no),
RAS, BRAF, first-line PFS, CEA and CA 19-9 were included
in the Cox proportional hazards model for univariate and
multivariate analysis. Statistical analysis was performed using R
version 4.3.1 (R Foundation for Statistical Computing), GraphPad
Prism Software Prism Version 7 for Windows (GraphPad
Software; Dotmatics) and SPSS 18.0 (SPSS, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. After excluding the cases that did
not meet the inclusion criteria, 205 patients who had received
TOMIRI were included in the retrospective analysis. TOMIRI
chemotherapy was used as a first-line treatment in 23 patients,
as a second-line treatment in 164 patients and as a third- or
later-line treatment in 18 patients (Fig. S1). The baseline char-
acteristics of all 205 patients are summarized in Table SI.

Comparison of efficacy. The efficacy of TOMIRI as a first,
second and third- or later-line chemotherapy was compared
(Fig. 1). The ratios of PR, SD and PD are provided in Fig. 1A.
The ORRs of patients who received TOMIRI as a first, second
and third- or later-line treatment was 21.7, 13.4 and 11.1%,
respectively (Fig. 1B). DCRs were 91.3,81.7 and 66.7%, respec-
tively, as presented in Fig. 1B. The median PFS of TOMIRI
as first-line chemotherapy was 9 months (95% CI, 5.3-12.7),
whereas for TOMIRI as a second-line therapy, it was 7 months
(95% CI, 6.2-7.8), and as third- or later-line, it was 6 months
(95% CI, 4.8-7.2). The median OS was 37 months for TOMIRI
as first-line chemotherapy (95% CI, 16.3-57.7), 21 months
for TOMIRI as second-line therapy (95% CI, 16.6-25.4) and
17 months for TOMIRI as third- or later-line therapy (95%
CI, 10.1-23.9). Earlier treatment with TOMIRI was associ-
ated with greater efficacy, suggesting that administering this
regimen earlier may improve patient outcomes.

To further evaluate the efficacy of TOMIRI as a second-line
treatment for CRC, differences in outcomes between the
TOMIRI and FOLFIRI regimens were compared. As indicated
in Fig. S2, the differences in PFS and OS were not statistically
significant (Fig. S2A and B). However, TOMIRI with targeted
therapy achieved longer mOS (25 months) than FOLFIRI with
targeted therapy (20 months).

Details of the second-line treatment group. The efficacy of
TOMIRI as a second-line chemotherapy treatment was further
assessed (Fig. 2). The waterfall plot showed the efficacy of
patients receiving TOMIRI, and most patients experienced
tumor shrinkage after application. Details of previous
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Figure 1. Comparison of efficacy of TOMIRI as a first-, second- and third- or later-line chemotherapy treatment. (A) Comparison of efficacy using the Response
Evaluation Criteria in Solid Tumors version 1.1. (B) ORR and DCR for irinotecan + raltitrexed as a first-, second- and third- or later-line chemotherapy.
TOMIRI, irinotecan + raltitrexed; PR, partial remission; SD, stable disease; PD, progressive disease; DCR, disease control rate; ORR, objective response rate.
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Figure 2. Evaluation of efficacy of irinotecan + raltitrexed as a second-line chemotherapy using the waterfall plot method. PD, progressive disease; PR, partial

remission; SD, stable disease.

treatments are indicated in Table SII. A total of 87 patients
had undergone radical surgery, 36 palliative surgery and 15
local radical surgery without excision of metastases. CAPEOX
and FOLFOX were administered as first-line chemotherapy in
most patients (CAPEOX, 81.1%; FOLFOX, 11.6%). Table SIII
presents the details and outcomes of second-line treatments.
When TOMIRI was administered as a second-line therapy,
PR, SD and PD was achieved in 13.4, 68.3 and 18.3% of
patients, respectively. Patients received a median of four cycles
of treatment (range, 2-27). Localized lesions had been resected
or subjected to radiotherapy or radiofrequency ablation during
second-line therapy in 11.0% of patients. The most common
third- or later-line treatment was regorafenib (11.6%).

Prognostic factors. Univariate and multivariate analysis were
performed to evaluate prognostic factors (Fig. 3). Multivariate
analysis demonstrated that pTNM stage, targeted therapy and
the number of treatment cycles were independent prognostic
factors for PFS, and treatment cycle, first-line PFS and CA19-9
concentration were independent prognostic factors for OS.
Whether or not surgery had been performed on the primary
tumor had no significant impact on PFS after second-line
treatment (P=0.17; Fig. S3A). However, as shown in Fig. S3B,
the mOS for no surgery, local surgery, palliative surgery and
radical surgery was 14, 19, 22 and 25 months, respectively
(P=0.091). Similarly, it was found that early diagnosis was
associated with a significantly longer PFS. OS showed a
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Figure 3. Univariate and multivariate analysis of factors affecting PFS and OS in the second-line treatment group. (A) Univariate and (B) multivariate
analysis for PFS. (C) Univariate and (D) multivariate analysis for OS. Variables used in these analyses included the following: Sex (female vs. male), age
(>70 and 40-70 vs. <40 years); surgery status (no vs. yes); location (colon vs. rectum); pTNM stage (III/IV vs. II); targeted therapy (no vs. yes); number
of cycles (=4 vs. >4); treatment interval (twice-weekly vs. thrice-weekly); local treatment (no vs. yes); RAS status (mutant vs. wild-type); BRAF status
(mutant vs. wild-type); first-line PES (<7 vs.>7 months); CEA (abnormal vs. normal); and CA 19-9 (abnormal vs. normal). PFS, progression-free survival; OS,
overall survival; pTNM, pathologic tumor-node-metastasis; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

similar trend; however, it was not statistically significant (PFS:
P=0.006; OS: P=0.210; Fig. S3C and D). Fig. S4 shows the
separate impacts of T, N and M stage on prognosis. It was
demonstrated that T stage had no significant association with
prognosis (PFS: P=0.94; OS: P=0.93), whereas N stage was
significantly associated with OS (P=0.0012) and M stage with
PFS (P=0.0089). This highlights the importance of N and
M stage for prognosis of patients with advanced-stage disease.

Subsequently, the prognostic effect of pre-second-line
therapy CEA and CA19-9 concentrations were analyzed. It was
found that high CEA concentrations were significantly associ-
ated with a shorter PFS (mPFS, 7 vs. 10 months; P=0.0067,
Fig. 4A) and OS (mOS, 17 vs. 33 months; P=0.0026; Fig. 4B).
The same was true for pre-second-line therapy CA19-9
concentrations [mPFS, 6 vs. 8 months; P=0.028 (Fig. 4C); and
mOS, 16 vs. 27 months; P=0.0033 (Fig. 4D)].

The impact of selected factors on efficacy during
second-line therapy was further assessed and significant
associations were demonstrated between the number of treat-
ment cycles and longer PFS (mPFS, 5 vs. 9 months; P<0.0001;
Fig. 5A) and OS (mOS, 17 vs. 31 months; P=0.00085; Fig. 5B).
As recommended by the Chinese Society of Clinical Oncology
clinical guidelines (12), 87 patients received bevacizumab

or cetuximab combined with chemotherapy, whereas the
remaining 77 patients received TOMIRI alone. It was found
that targeted therapy had significant positive effects on PFS
(mPFS, 6 vs. 8 months; P=0.00033; Fig. 5C) and OS (mOS,
17 vs. 25 months; P=0.025; Fig. 5D). A total of 18 patients
had undergone local treatment (resection of metastases, radio-
frequency ablation or radiation therapy) during second-line
chemotherapy. Local treatment had a significant association
with favourable prognosis (Fig. SE and F), particularly with
regard to PFS (mPFS, 6 vs. 11 months; P=0.012).

There were no differences in survival time between
patients who had twice-weekly vs. thrice-weekly treatment
cycles (Fig. S5). Similarly, the efficacy of first-line treatment
was not significantly associated with improved PFS or OS
(Fig. S6). However, first-line PFS was significantly associated
with improved OS (mOS, 17 vs. 27 months; P=0.024).

To evaluate the importance of prognostic factors in
TOMIRI therapy, random forest regression was performed
using the following factors: pTNM stage, CEA, CA19-9, treat-
ment cycle, local treatment and targeted therapy. Each of these
factors had been identified as prognostic factors in TOMIRI
therapy by univariate analysis. The results are demonstrated in
Fig. S7, which shows that the number of treatment cycles and
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Figure 4. PFS and OS following second-line TOMIRI treatment according to biomarker concentrations before second-line therapy. (A) PFS and (B) OS
following second-line TOMIRI treatment according to CEA status (high vs. normal). (C) PFS and (D) OS following second-line TOMIRI treatment according
to CA 19-9 status (high vs. normal). PFS, progression-free survival; OS, overall survival; TOMIRI, irinotecan + raltitrexed; CEA, carcinoembryonic antigen;

CA 19-9, carbohydrate antigen 19-9.

the use of targeted therapy were the most important prognostic
factors.

Safety. The occurrence of AEs for first-line, second-line and
third- or later-line treatment with TOMIRI therapy is presented
in Table SIV. Overall, treatment was well tolerated and most
hematological toxicities were grade (G)1 or G2 (neutropenia,
12.2%; thrombocytopenia, 10.2%; anemia, 27.3%). Proteinuria
(38.1%) and hematuria (21.0%) were also commonly encoun-
tered AEs. Hepatic dysfunction was the most commonly
reported AE for both G1-2 (55.1%) and G3-4 (7.3%) categories.
No cases of gastrointestinal perforation or severe heart failure
were identified in the cohort.

Discussion

Irinotecan in combination with raltitrexed has been
widely used in patients with CRC who have developed
5-fluoropyrimidine-associated cardiac toxicity (3,5,13). The
retrospective analysis in the present study was conducted to

evaluate the clinical benefit of TOMIRI chemotherapy. Data
from 205 patients who had been treated with this regimen
were analyzed. These patients were divided into three groups
according to when TOMIRI had been administered: As a
first-line treatment (n=23), second-line treatment (n=164) and
third- or later-line treatment (n=18). The clinical benefits were
evaluated using the primary endpoints of PFS, OS, ORR and
DCR.

It was found that TOMIRI chemotherapy was most effec-
tive when administered as first-line treatment (ORR, 21.7%;
DCR, 91.3%; mPFS, 10 months; and mOS, 37 months). The
results for its administration as second-line treatment (ORR,
13.4%; DCR, 81.7%; mPFS, 7 months; and mOS, 21 months)
indicated that this regimen may be more beneficial to
administer earlier. This finding is supported by a previous
meta-analysis demonstrating that, when administered
as a first-line therapy, this combination had an ORR of
34.1%, mPFES of 6.7 months and mOS of 14.2 months (4).
In another study, 75 patients were treated with raltitrexed
alone, oxaliplatin + raltitrexed or TOMIRI with or without
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Figure 5. PFS and OS following second-line TOMIRI treatment according to accompanying therapy. (A) PFS and (B) OS following second-line TOMIRI
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(E) PFS and (F) OS following second-line TOMIRI treatment according to local treatment of metastases. PES, progression-free survival; OS, overall survival;

TOMIRI, irinotecan + raltitrexed.

bevacizumab. The mPFS and mOS were 10.6 (95% CI,
8.2-13.1) and 27.4 months (95% CI, 24.1-38.1), respec-
tively (14). Although the present study did not reach the
ORR reported in the meta-analysis, the results for mPFS and
mOS were improved as compared to a previous study. This

discrepancy may be attribuTable to insufficient numbers of
patients and different decades of treatment.

Most of the patients in the present study were in the
second-line treatment group according to the relevant guide-
lines. The mOS and mPFS for FOLFIRI as a second-line
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therapy were 15.4 and 6.2 months, respectively, which is
consistent with findings of previous studies (15). In another
study, the mPFS was 6.4 months with bevacizumab/FOLFOX
and 6.9 months with bevacizumab/FOLFIRI. As for mOS, it
was 14.1 months with bevacizumab/FOLFOX and 15.7 months
with bevacizumab/FOLFIRI (16). In a phase II trial,
twice-weekly TOMIRI as a second-line therapy for metastatic
CRC achieved a median PFS of 4.5 months (95% CI, 3.8-5.2)
and a median OS of 12.0 months (95% CI, 8.5-15.5) (17).
Thus, TOMIRI chemotherapy achieved greater benefits in the
patients in the present study than in previous studies (15,16).
In the present study, TOMIRI achieved noninferiority PFS
and OS benefit as compared with FOFIRI. TOMIRI with
targeted therapy achieved longer mOS than FOLFIRI with
targeted therapy. As the sample of the present study was rela-
tively small (more patients in the oncology centers of Harbin
Medical University Cancer Hospital were either administered
TOMIRI or had been enrolled in clinical trials), the findings
need to be confirmed by further clinical studies.

Furthermore, factors that identified the patients that
were most likely to benefit from TOMIRI administered as
a second-line therapy after recurrence or progression after
standard first-line chemotherapy were assessed. Kaplan-Meier
curves on variables identified as significant by univariate anal-
ysis were analyzed, and then the results of the two statistical
analyses were combined to reach the following conclusions:
Surgical resection, even palliative surgery on the primary
tumor, significantly and positively impacted long-term
survival, which is consistent with previously published
data (18,19). However, it had no effect on the outcomes of
second-line treatment. Of note, tumor stage at first diagnosis
was a greater predictor of efficacy of second-line treatment.
However, N and M stage, but not T stage, were associated with
a greater duration of survival. As reported in a previous study,
the prognosis after second-line therapy varied considerably
according to tumor biomarker status (20). Results from the
present study demonstrated that patients with normal and high
CEA concentrations before second-line treatment achieved an
mPFS of 7 and 10 months, respectively, whereas they achieved
an mOS of 17 and 31 months, respectively. Normal CA19-9
concentrations were also associated with a significant survival
advantage compared with high CA19-9 concentrations (mPFS,
6 vs. 8 months; mOS, 17 vs. 33 months). Previous analyses
have shown that patients who have better responses to first-line
chemotherapy or longer PFS are more likely to benefit from
second-line chemotherapy (21,22). In the present study, a
comprehensive analysis of tumor responses demonstrated that
patients who had longer PFS with first-line chemotherapy had
longer OS, but not PFS, with second-line chemotherapy.

The efficacy of second-line chemotherapy is highly
dependent on the combination used. Results of the present
study showed that administration of targeted therapy, whether
bevacizumab or cetuximab, was associated with prolongation
of the survival time (OS, 25 vs. 17 months). However, as so few
patients received targeted therapy, it was not possible to distin-
guish between the impacts of bevacizumab vs. cetuximab when
used as a component of second-line treatment. Furthermore,
the PRODIGEI18 study reported a non-significant difference
between bevacizumab and cetuximab with chemotherapy
when administered to patients with wild-type RAS metastatic
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CRC (23). However, certain patients who underwent local
treatment of metastases, including resection, radiofrequency
ablation and radiation therapy, had improved outcomes. These
findings need to be further validated by large prospective
trials. Furthermore, the present study found no significant
difference in efficacy and safety between twice-weekly and
thrice-weekly cycles, which is consistent with previously
reported findings (24,25).

The present study did not reveal any significant association
between treatment time-line and clinical AEs. Overall, the
incidence of G3/4 AEs was low. However, the patients did
present with higher incidences of myelosuppression and liver
dysfunction than previously reported (6). This indicates that it
is important to protect liver function and prevent myelosup-
pression whilst using TOMIRI chemotherapy.

In conclusion, the findings of the present study suggest
that irinotecan in combination with raltitrexed chemotherapy
may be a superior choice than FOLFIRI for second-line
chemotherapy in patients with CRC.
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