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Abstract
Background: The optimal chemotherapy regimen for refractory esophageal squamous cell cancer
patients is uncertain. Our retrospective study assessed the e�cacy and safety of irinotecan plus
raltitrexed in esophageal squamous cell cancer patients who were previously treated with multiple
systemic therapies.

Methods: Between January 2016 and December 2018, records of 38 esophageal squamous cell cancer
patients who underwent irinotecan plus raltitrexed chemotherapy after at least one line of chemotherapy
were reviewed. E�cacy assessment was performed every two cycles according to the RECIST version 1.1.

Results: A total of 95 cycles of chemotherapy were administered, and the median course was 3 (range 2–
6). There was no treatment-related death. Nine patients had partial response, 21 had stable disease and 8
had progressive disease. The overall objective response rate was 23.68% (9/38) and the disease control
rate was78.94% (30/38). After a median follow-up of 18.5 months, the median progression-free survival
and overall survival were 105 days and 221 days respectively. There were 5 patients (13.15%) with grade
3/4 leukopenia, 3 patients (7.89%) with grade 3/4 neutropenia and 1 patient (2.63%) with grade 3/4
diarrhea.

Conclusions: The combination of irinotecan plus raltitrexed was effective for pretreated esophageal
squamous cell cancer patients. Further studies are needed to determine the optimal dose of the two
drugs.

Background
Esophageal cancer ranks seventh in terms of incidence and sixth in leading cause of cancer death
globally [1]. In Asia, esophageal squamous cell cancer (ESCC) accounts for more than 90% of all
esophageal cancer cases. China has the largest number of both newly diagnosed esophageal cancer
cases and esophageal cancer-related deaths. Despite the evolution of multidisciplinary treatments, the
prognosis of esophageal cancer has not improved much with a �ve-year survival rate only about 19% [2].

At present, platinum-based chemotherapy, 5-�uorouracil (5-FU) and taxanes are the most widely used as
�rst-line chemotherapeutic agents for advanced esophageal cancer, with response rates ranging from
34% to 72.7%[3–5]. However, many patients who responded initially to chemotherapy or
chemoradiotherapy ultimately develop progressive disease. Currently, there are no standard second line
chemotherapeutic options for these patients. Second-line chemotherapy used in clinical practice include
docetaxel, paclitaxel, irinotecan, and �uorouracil plus irinotecan or pembrolizumab. Response rates
remain low, ranging from 21.2% to 29.6%[6–8]. Therefore, there is a need of development for more active
drug combinations to treat refractory or relapsed advanced esophageal cancer.

Irinotecan (CPT–11) is a topoisomerase I inhibitor, which has been proven to signi�cantly improve
survival and quality of life in 5-FU refractory colorectal cancer[9]. In addition, CPT–11 was considered as
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a second-line option in the treatment of advanced gastric cancer refractory to platinum plus
�uoropyrimidine[10]. In esophageal cancer, CPT–11 was also active as a single drug in the treatment of
cisplatin-refractory cases[11]. In a retrospective study by Wang X et al[6] the e�cacy and safety of
irinotecan combined with a �uorouracil-based regimen as second or third-line chemotherapy in the
treatment of recurrent/metastatic ESCC who were refractory to prior paclitaxel plus platinum
chemotherapy was evaluated. The response rate was 29.6%, while the median progression-free survival
(PFS) and overall survival (OS) were 4.8 and 10.5 months respectively. This indicates that this
combination was effective as a second or third-line treatment for ESCC[6].

However, the use of 5-FU has several disadvantages, such as the requirement for a venous catheter
system and infusion pump, risk for cardiac toxicity (overall incidence: 0.55%~19%)[12, 13], and frequent
hospital visits. Moreover, it was reported that 5-FU could result in severe toxicity (such as stomatitis and
severe pancytopenia) for patients who are de�cient in dihydropyrimidine dehydrogenase which is
involved in the degradation of 5-FU.

Raltitrexed, a thymidylate synthase (TS) inhibitor, has been considered as a potential substitute for 5-FU.
In patients with advanced colorectal cancer, a meta-analysis conducted by Liu et al[14] showed that
raltitrexed-based chemotherapeutic regimen led to equivalent response rates and overall survival when
compared to traditional 5-FU-based regimen. Furthermore, raltitrexed combined with either CPT–11 or
oxaliplatin is also active against 5-FU-refractory advanced colorectal cancer, with overall objective
response rates (ORR) ranging from 15.4% to 33.3% and is well-tolerated[15–17]. In addition, raltitrexed
alone or in combination with other chemotherapeutic drugs was shown to be a safe option for cancer
patients who had experienced prior cardiac toxicity when treated with 5-FU. A systematic review has
shown that no cardiotoxicity associated with raltitrexed was reported and no patients who were switched
to raltitrexed because of cardiac symptoms from 5-FU experienced further cardiac toxicity[13].

In this light, the combination of irinotecan and raltitrexed might be an effective and safe treatment as a
second- or later-line for ESCC. But there is currently no study on the e�cacy of this combination in the
treatment of recurrent/metastatic ESCC. The goal of this retrospective study was to evaluate the clinical
e�cacy and safety of irinotecan plus raltitrexed as second or later-line chemotherapy in ESCC patients
who had been previously treated with multiple systemic therapies which included standard �rst-line
chemotherapy with or without intensity modulated radiation therapy.

Methods

Patient population
Between January 2016 to December 2018, a total of 38 consecutive patients who were histologically
diagnosed as ESCC and had progressed after at least one-line treatment were treated by irinotecan plus
raltitrexed as a second or later-line chemotherapy from our institution of clinical medical college,
Yangzhou University. The medical records of total 38 patients were reviewed for this study. During

https://www-ncbi-nlm-nih-gov.libaccess.lib.mcmaster.ca/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27042229
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24388340
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pretreatment evaluation, detailed medical history was collected. Laboratory studies included bone
marrow function, hepatic function and kidney function. For disease evaluation and responses
assessment, chest computerized tomography, ultrasound examination and/or X-ray barium swallow were
performed. All patients gave written informed consent before administering the chemotherapy.

Treatment schedule
Patients were treated with irinotecan in a 90-min infusion on day 1, and raltitrexed in a 30-min infusion on
day 2. The treatment was repeated every 3 weeks up to a maximum of 6 cycles or until either
unacceptable side-effects or progressive disease (PD) occurred.

Treatment evaluation
Tumor responses and toxicity were evaluated every two cycles of chemotherapy according to Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST1.1) criteria and National Cancer Institute
Common Toxicity Criteria (NCI-CTC) respectively. Diameter changes of the target lesion were measured
on computerized tomography imaging. Complete response (CR) was considered as the disappearance of
all evaluable disease, and partial response (PR) meant that the target lesions were reduced by 30% or
more. We regarded PD as the target lesions increased at least 20% or there were one or more new lesions,
and stable disease (SD) as the target lesions reduced by less than 30% and increased by less than 20%.
The ORR was de�ned as the percentage of cases with either CR or PR. The disease control rate (DCR)
was de�ned as the percentage of cases which achieved CR, PR or SD. Furthermore, we calculated PFS
from the beginning of the regimen to the �rst documented disease progression or death, and we de�ned
the time between the initiation of the regimen and the date of dead or the last follow-up assessment as
OS. All patients were followed up until death or loss to follow-up.

Statistical analysis
Results were analyzed using the SPSS software package (SPSS 25.0). The Kaplan-Meier method was
performed to estimate PFS and OS. Fisher’s Exact Test used in comparing the response rates of different
subgroups.

Ethical statement
This study was approved by the ethics committee of clinical medical college, Yangzhou University. The
study was performed in accordance with the Declaration of Helsinki.

Results
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Patients’ characteristics
The 38 patients’ characteristics were summarized in Table 1. There were 34 males and 4 females. The
median age was 63 years old, and ECOG performance status was 0–2. The primary tumors were all
located in the thoracic esophagus. Twenty-seven patients had metastatic disease, among which, 22
patients had single organ metastasis and 5 patients had multi-organ metastasis. The main metastatic
sites were lung (23 patients) and liver (5 patients). Eleven patients had local recurrences. Prior treatments
included surgery plus chemoradiotherapy (12/38, 31.58%), surgery plus adjuvant chemotherapy (3/38,
7.89%), chemoradiotherapy (18/38, 47.37%), and chemotherapy alone (5/38, 13.16%). Twenty-two
(57.89%) cases were receiving irinotecan plus raltitrexed chemotherapy as second-line treatment and 16
(42.11%) cases as third or latter line treatment.

Treatment summary
A total of 95 cycles of irinotecan plus raltitrexed were administered, and the median number of treatment
cycle was 3 (range 2–6). The median doses of irinotecan and raltitrexed were 178 mg/m2 (118–217) and
2.7 mg/m2 (2.17–3.07) respectively. Because of the hematological toxicity, �fteen cycles (15.79%)
chemotherapy were delayed, and two cycles (2.11%) chemotherapy required 25% dose reduction.

Response and survival
Details for treatment response are listed in Table 2 and the percentage changes of lesion size in each
patient are shown in Figure 1. In all 38 patients, there was no CR, 9(23.68%) patients had PR, 21(55.26%)
patients had SD, and 8(21.06%) patients had PD. After a median follow-up of 18.5 months (2 to 32
months), two (5.26%) patients were lost to follow-up and no early treatment related death was observed.
The median PFS was 105 days (25 to 357, Figure 2), and 3 months, 6 months and 9 months PFS rate
were 52.94%, 29.41% and 14.71% respectively. The median OS was 221 days (32 to 632, Figure 2), and 3
months, 6 months, 9 months, 12 months and 18 months OS rate were 85.29%, 61.76%, 38.24%,14.71%
and 5.88% respectively.

In the 20 patients who received prior chemotherapy without 5-FU, 7(35.00%) patients achieved PR,
9(45.00%) patients had SD, and 4(20.00%) patients had PD. The median PFS and OS were 154 days (53
to 357, Figure 3A) and 290 days (67 to 632, Figure 3B) respectively. In the remaining 18 patients who
previously received chemotherapy containing 5-FU, 2(11.11%) patients achieved PR, 12(66.67%) patients
had SD, and 4(22.22%) patients had PD. The median PFS and OS were 66 days (25 to 343, Figure 3A) and
150 days (32 to 431, Figure 3B) respectively. The ORR in patients who previously received chemotherapy
without 5-FU was numerically higher than the one in patients who previously received chemotherapy
containing 5-FU, but was not statistically signi�cant (P = 0.088, Table 3). The PFS and OS were also
similar between the two groups (PFS: P = 0.278; OS: P = 0.300, Figure 3A and 3B). In the 30 patients who
previously received chemoradiotherapy, 6(20.00%) patients achieved PR, 17(56.67%) patients had SD,
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and 7(23.33%) patients had PD, while among 8 patients who previously received chemotherapy only,
3(37.50%) patients achieved PR, 4(50.00%) patients had SD, and 1(12.50%) patient had PD. The ORR
between the two groups showed no statistical difference (P = 0.275, Table 3). Furthermore, the PFS and
OS had no signi�cant difference between the two groups (PFS: P = 0.259; OS: P = 0.222, Figure 3C and
3D). In the 22 patients who received the study drug combination as a second-line treatment, 7(31.82%)
patients achieved PR, 9 (40.91%) patients had SD, and 6(27.27%) patients had PD, while among 16
patients who received the study drug combination as third or later-line treatment, 2(12.50%) patients
achieved PR, 12(75.00%) patients had SD, and 2(12.50%) patients had PD. The ORR between these two
groups also showed no statistical difference (P = 0.160, Table 3). And the PFS and OS still had no
signi�cant difference between the two groups (PFS: P = 0.470; OS: P = 0.663, Figure 3E and 3F). Details
for subgroup analyses were shown in Table 3.

Toxicity
Treatment-related toxicities are shown in Table 4. Grade 1–2 leukopenia, anemia and nausea–vomiting
were the most common toxicities. For grade 3–4 hematological toxicity, 5 patients had grade 3/4
leukopenia (1 had fever), 3 patients had grade 3/4 neutropenia, and 1 patient had grade 3/4
thrombocytopenia. For non-hematological toxicities, 1(2.63%) patient had grade 3/4 diarrhea, and
1(2.63%) patient had grade 3/4 allergic reaction. Two patients had grade 1/2 cholinergic syndrome.
There was no treatment-related death in this study.

Discussion
We conducted this retrospective study to evaluate clinical e�cacy and safety of irinotecan plus raltitrexed
as salvage therapy in a group of 38 ESCC patients who had progressed after the failure of multiple
systemic therapies. Our data showed an encouraging ORR of 23.68% and DCR of 78.94%, as well as less
than 15% incidence of grade 3/4 toxicities. Median PFS was 105 days and the median OS was 221 days.
These results indicate that this combination might be an option for refractory ESCC patients.

In preclinical study, it had been demonstrated a signi�cant schedule-dependent synergism between
irinotecan and raltitrexed in vitro. Aschele et al[18] found that greatest synergism was observed when
SN–38 (an active metabolite of irinotecan) was administered 24 hours before raltitrexed by comparing
ED50 (the dose required for 50% inhibition of cell growth) in different intervals (1h, 4h, and 24h), while
smaller enhancement or nearly additive interactions was found when the two drug were switched or used
simultaneously. Thereafter, several clinical studies employed 24h or 1h earlier schedule to treat different
cancer[9, 16, 19]. In the present study, we administered irinotecan and raltitrexed in a suggested 24h
earlier schedule to observe its clinical e�cacy and safety in the treatment of ESCC.

Currently, no standard second or third-line chemotherapy has been well established in the treatment of
ESCC. Although there are a few reports on raltitrexed combination chemotherapy in patients with

https://www.ncbi.nlm.nih.gov/pubmed/?term=Aschele%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9607593
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advanced gastro-esophageal adenocarcinoma[20, 21], the clinical experience of raltitrexed in patients
with ESCC is still unavailable. Recently, Ding et al reported that raltitrexed could decrease cell viability and
proliferation, cause apoptosis and enhance the radiosensitivity of ESCC cells[22]. In patients with
advanced colorectal cancer, raltitrexed has produced comparable e�cacy as �rst line treatment when
compared to 5-FU-based regimen[9] and still showed activity when combined with irinotecan as second
line chemotherapy[16]. Since 5-FU plus irinotecan was an effective combination as a second line
chemotherapy in ESCC[6], and raltitrexed was considered as a potential substitute for 5-FU, we
investigated the clinical e�cacy and safety of irinotecan plus raltitrexed and its potential utility as second
or later-line therapy in ESCC patients.

Our data showed that the ORR was 23.68% and the DCR was 78.94%, which were slightly higher than
results in colorectal cancer and pancreas cancer (ORR: 16%–16.7%, DCR: 56.7%–58%)[16, 19]. The
survival results (median PFS and median OS) were similar to recently reported results from a prospective
randomized, multicenter, open-labeled phase3 ESWN 01 trial[23]. Together with the previous reports, our
results, showed that irinotecan plus raltitrexed could be a possible alternative regimen for previously
treated ESCC patients.

Unlike our present study, only patients with no prior exposure to irinotecan or 5-FU were enrolled in the
retrospective study conducted by Wang X et al[6] and the prospective ESWN 01 trial[23]. The reason
might be partly because of similar action and thus similar resistance mechanisms associated with 5-FU
and raltitrexed. In our present study, we found that patients without prior 5-FU exposure are sensitive to
irinotecan plus raltitrexed chemotherapy with an ORR of 35.00%, which was numerically higher than the
ORR in patients with prior 5-FU exposure. However, 5-FU inhibits TS through its metabolite 5-�uoro-
deoxyuridine monophosphate, while raltitrexed directly and speci�cally inhibits TS without requiring any
modulating agent[24]. Therefore, incomplete cross-resistance between 5-FU and raltitrexed has been
con�rmed in both preclinical research[25] and clinical studies[16]. In 5-�uorouracil refractory advanced
colorectal cancer, irinotecan plus raltitrexed had a moderate improvement in response rate when
compared indirectly with data from trial of second-line CPT–11 monotherapy[16, 26]. Our present study
shown that patients with prior 5-FU exposure are still sensitive to irinotecan plus raltitrexed chemotherapy
with an ORR of 11.11%. This matter of cross-resistance between 5-FU and raltitrexed in irinotecan
treatment is an interesting question to further study. In general, irinotecan plus raltitrexed was effective in
heavily treated (previous two-line or more chemotherapy or chemoradiotherapy) patients. However, the
results provided are from a limited number of cases. To provide more evidence, a large-scale study is
needed in the future.

In this study, we had lower toxicity compared with other reports[9, 16, 19, 27]. Hematological and
gastrointestinal toxicities were the main toxicities. Grade 3/4 leukopenia occurred in 5 (13.15%) patients.
According to previous reports, most studies used 300–350 mg/m2 irinotecan in the treatment of
colorectal cancer[28, 29]. A lower dose of irinotecan (200mg/m2) combined with raltitrexed was
administered to treat patients with advanced pancreatic adenocarcinoma from a randomized multicenter
phase II study[19]. However, there was no study to determine the maximum tolerated dose of this

https://www-ncbi-nlm-nih-gov.libauth.mskcc.org/pubmed/?term=Ding%20WX%5BAuthor%5D&cauthor=true&cauthor_uid=30820189
http://www.baidu.com/link?url=R0m15s8iTXIKkX0BLmQtpOSXYAFGuwzRi82iBVRlUd_DU23-a6hQmCcM8we7ZlSJo0ONj0HsEj_2NYgiTNEgWt2MpWZFlL-3WTbji0ZwiUm0Py2fkr6n1mZSupmXswW_
http://www.baidu.com/link?url=Obrm73nnYUCMuk6Oymj2fBHjdEalXYvqwgVEVUB7zRjzojoDCVCx8wX-WcyXJYaab5U6iWPWVSVHxmdFcXSoqEyEn3QnhvGoZZbPI9QDq2HGwdDFnFIVJMjnXgAeamvpuzXnXumEBrAYbcpMzaiZs6M1_cpTBTA8C99FPBjGYbbu6ypaePdEcAF8eVWtQ2syR5tOwxHHAOa53-sjiH_VmDncL9k1-ctU5KpjMmMOf_loEtcZq2hFf-fq6ZJKZjUhytDPj9mx9xnXAWJQGaqjhrApargELAb2zMHenI19PeVtli1JCzNmGZWTNdYLJ6kKBlsoO9OyAJPmWwthTLNFuq
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combination in esophageal cancer. In a multicenter phase II study, 130 mg/m2 irinotecan combined with
cisplatin were used to treat metastatic, unresectable esophageal cancer[30]. A slightly higher dose of
160 mg/m2 irinotecan combined with S–1 were used to treat Chinese esophageal cancer patients from a
prospective randomized, multicenter, open-labeled phase 3 trial[23]. In our study, the median dose of
irinotecan was 178 mg/m2 (118–217 mg/m2). Compared with the ESWN 01trial, both survival results and
incidences of grade 3–4 leukopenia/neutropenia in the present study were similar. This indicates that
irinotecan plus raltitrexed is a safe choice in previously treated recurrent/metastatic ESCC. However, the
number of patients included in our study is small. And prospective clinical studies of irinotecan plus
raltitrexed in patients with refractory ESCC are needed to determine the maximum tolerated dose and
clinical e�cacy of this combination.

Conclusions
In conclusion, the combination of irinotecan and raltitrexed was effective as second or later-line
chemotherapy with controllable toxicity for ESCC patients after the failure of multiple systemic therapies.
Due to the limitations in the study design and sample size, a prospective randomized clinical trial
detecting the merits of irinotecan combined with raltitrexed should be conducted in the future.

Abbreviations
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Common Toxicity Criteria; ORR: objective response rate; OS: overall survival; PD: progressive disease;
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Declarations

Ethics approval and consent to participate
Ethical approvals were acquired from the ethics committee of clinical medical college, Yangzhou
University and informed consent was obtained from participating patients before administering the
chemotherapy. The study was performed in accordance with the Declaration of Helsinki.

Consent for publication
All authors consent to its publication.

Availability of data and materials



Page 10/16

All datasets are presented in the main manuscript or additional supporting �les.

Competing interests
The authors declare no con�ict of interest.

Funding
This work is supported by the project of Jiangsu Provincial Medical Youth Talent (QNRC2016319); the
Natural Science Foundation of Yangzhou City (YZ2014044) and Science, Education and Health
Foundation of Yangzhou City (ZDRC201846).

Authors’ contributions
Conception and design of the study: Chen Y, Liu M, Jia QQ, Wang XL, Sun CJ, Min LF, Yang JQ, Zhang XZ
and Gubat JA.

Data collection, analysis and interpretation: Chen Y, Liu M, Li Y, Zhu CY, Chen YL.

Draft of manuscript: Chen Y, Liu M, Jia QQ and Wang XL.

Revision and approval of manuscript: Chen Y, Liu M, Jia QQ, Wang XL, Sun CJ, Li Y, Zhu CY, Chen YL, Min
LF, Yang JQ, Zhang XZ and Gubat JA.

Accountability for all aspects of the study: Chen Y, Liu M, Jia QQ, Wang XL, Sun CJ, Li Y, Zhu CY, Chen YL,
Min LF, Yang JQ, Zhang XZ and Gubat JA.

Acknowledgements
We express our appreciation to Medical Oncology of Clinical Medical College of Yangzhou University for
supporting in this study.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel R L, Torre L A, Jemal A. Global cancer statistics 2018:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A
Cancer Journal for Clinicians. 2018.

2. Wang Q L, Xie S H, Li W T, Lagergren J. Smoking Cessation and Risk of Esophageal Cancer by
Histological Type: Systematic Review and Meta-analysis. J Natl Cancer Inst. 2017, 109(12).



Page 11/16

3. Overman M J, Kazmi S M, Jhamb J, Lin E, Yao J C, Abbruzzese J L, et al. Weekly docetaxel, cisplatin,
and 5-�uorouracil as initial therapy for patients with advanced gastric and esophageal cancer.
Cancer. 2010, 116(6): 1446–1453.

4. Takahashi H, Arimura Y, Yamashita K, Okahara S, Tanuma T, Kodaira J, et al. Phase I/II study of
docetaxel/cisplatin/�uorouracil combination chemotherapy against metastatic esophageal
squamous cell carcinoma. J Thorac Oncol. 2010, 5(1): 122–128.

5. Ueda H, Kawakami H, Nonagase Y, Takegawa N, Okuno T, Takahama T, et al. Phase II Trial of 5-
Fluorouracil, Docetaxel, and Nedaplatin (UDON) Combination Therapy for Recurrent or Metastatic
Esophageal Cancer. Oncologist. 2019, 24(2): 163–176.

�. Wang X, Wang X, Huang J. Irinotecan plus �uorouracil-based regimen as second or third-line
chemotherapy for recurrent or metastatic esophageal squamous cell carcinoma. Thorac Cancer.
2016, 7(2): 246–250.

7. Assersohn L, Brown G, Cunningham D, Ward C, Oates J, Waters J S, et al. Phase II study of irinotecan
and 5-�uorouracil/leucovorin in patients with primary refractory or relapsed advanced oesophageal
and gastric carcinoma. Ann Oncol. 2004, 15(1): 64–69.

�. Kanekiyo S, Takeda S, Nakajima M, Nishiyama M, Kitahara M, Shindou Y, et al. E�cacy and Safety of
Biweekly Docetaxel in Combination with Nedaplatin as Second-line Chemotherapy for Unresectable
or Recurrent Esophageal Cancer. Anticancer Res. 2016, 36(4): 1923–1927.

9. Carnaghi C, Rimassa L, Garassino I, Zucali P A, Masci G, Fallini M, et al. Irinotecan and raltitrexed: an
active combination in advanced colorectal cancer. Ann Oncol. 2002, 13(9): 1424–1429.

10. Hironaka S, Ueda S, Yasui H, Nishina T, Tsuda M, Tsumura T, et al. Randomized, open-label, phase III
study comparing irinotecan with paclitaxel in patients with advanced gastric cancer without severe
peritoneal metastasis after failure of prior combination chemotherapy using �uoropyrimidine plus
platinum: WJOG 4007 trial. J Clin Oncol. 2013, 31(35): 4438–4444.

11. Burkart C, Bokemeyer C, Klump B, Pereira P, Teichmann R, Hartmann J T. A phase II trial of weekly
irinotecan in cisplatin-refractory esophageal cancer. Anticancer Res. 2007, 27(4C): 2845–2848.

12. Deboever G, Hiltrop N, Cool M, Lambrecht G. Alternative treatment options in colorectal cancer
patients with 5-�uorouracil- or capecitabine-induced cardiotoxicity. Clin Colorectal Cancer. 2013,
12(1): 8–14.

13. Kelly C, Bhuva N, Harrison M, Buckley A, Saunders M. Use of raltitrexed as an alternative to 5-
�uorouracil and capecitabine in cancer patients with cardiac history. Eur J Cancer. 2013, 49(10):
2303–2310.

14. Liu Y, Wu W, Hong W, Sun X, Wu J, Huang Q. Raltitrexed-based chemotherapy for advanced colorectal
cancer. Clin Res Hepatol Gastroenterol. 2014, 38(2): 219–225.

15. Scheithauer W, Kornek G V, Schuell B, Ulrich-Pur H, Penz M, Raderer M, et al. Second-line treatment
with oxaliplatin + raltitrexed in patients with advanced colorectal cancer failing
�uoropyrimidine/leucovorin-based chemotherapy. Ann Oncol. 2001, 12(5): 709–714.



Page 12/16

1�. Aparicio J, Vicent J M, Maestu I, Garcera S, Busquier I, Bosch C, et al. Multicenter phase II trial
evaluating a three-weekly schedule of irinotecan plus raltitrexed in patients with 5-�uorouracil-
refractory advanced colorectal cancer. Ann Oncol. 2003, 14(7): 1121–1125.

17. Laudani A, Gebbia V, Leonardi V, Savio G, Borsellino N, Cusimano M P, et al. Activity and toxicity of
oxaliplatin plus raltitrexed in 5-�uorouracil refractory metastatic colorectal adeno-carcinoma.
Anticancer Res. 2004, 24(2C): 1139–1142.

1�. Aschele C, Baldo C, Sobrero A F, Debernardis D, Bornmann W G, Bertino J R. Schedule-dependent
synergism between raltitrexed and irinotecan in human colon cancer cells in vitro. Clin Cancer Res.
1998, 4(5): 1323–1330.

19. Ulrich-Pur H, Raderer M, Verena K G, Schull B, Schmid K, Haider K, et al. Irinotecan plus raltitrexed vs
raltitrexed alone in patients with gemcitabine-pretreated advanced pancreatic adenocarcinoma. Br J
Cancer. 2003, 88(8): 1180–1184.

20. Mackay H J, Mcinnes A, Paul J, Raby N, Lofts F J, Mcdonald A C, et al. A phase II study of epirubicin,
cisplatin and raltitrexed combination chemotherapy (ECT) in patients with advanced oesophageal
and gastric adenocarcinoma. Ann Oncol. 2001, 12(10): 1407–1410.

21. Eatock M M, Anthony D A, El-Abassi M, Wilson P, Paul J, Smith M, et al. A dose-�nding study of
raltitrexed (tomudex) with cisplatin and epirubicin in advanced gastro-oesophageal adenocarcinoma.
Br J Cancer. 2000, 82(12): 1925–1931.

22. Ding W X, Liu S, Ma J X, Pu J, Wang H J, Zhang S, et al. Raltitrexed increases radiation sensitivity of
esophageal squamous carcinoma cells. Cancer Cell Int. 2019, 19: 36.

23. Huang J, Xu B, Liu Y, Huang J, Lu P, Ba Y, et al. Irinotecan plus S–1 versus S–1 in patients with
previously treated recurrent or metastatic esophageal cancer (ESWN 01): a prospective randomized,
multicenter, open-labeled phase 3 trial. Cancer Commun (Lond). 2019, 39(1): 16.

24. Wilson K S, Malfair T S. Raltitrexed: optimism and reality. Expert Opin Drug Metab Toxicol. 2009,
5(11): 1447–1454.

25. Wang W, Mcleod H L, Cassidy J, Collie-Duguid E S. Mechanisms of acquired chemoresistance to 5-
�uorouracil and tomudex: thymidylate synthase dependent and independent networks. Cancer
Chemother Pharmacol. 2007, 59(6): 839–845.

2�. Ratanatharathorn V, Sirachainan E, Jirajarus M, Sirilerttrakul S. Clinical activity and bene�t of
irinotecan (CPT–11) in patients with metastatic colorectal carcinoma pre-treated with �uorouracil-
based chemotherapy. J Med Assoc Thai. 2000, 83(10): 1187–1195.

27. Chiara S, Nobile M T, Tomasello L, Acquati M, Taveggia P, Murolo C, et al. Phase II trial of irinotecan
and raltitrexed in chemotherapy-naive advanced colorectal cancer. Anticancer Res. 2005, 25(2B):
1391–1396.

2�. Feliu J, Castanon C, Salud A, Mel J R, Escudero P, Pelegrin A, et al. Phase II randomised trial of
raltitrexed-oxaliplatin vs raltitrexed-irinotecan as �rst-line treatment in advanced colorectal cancer. Br
J Cancer. 2005, 93(11): 1230–1235.



Page 13/16

29. Aparicio J, Vicent J M, Maestu I, Bosch C, Galan A, Busquier I, et al. First-line treatment with
irinotecan and raltitrexed in metastatic colorectal cancer. Mature results of a multicenter phase II
study. Oncology. 2005, 68(1): 58–63.

30. Kim M, Keam B, Kim T M, Kim H G, Kim J S, Lee S S, et al. Phase II Study of Irinotecan and Cisplatin
Combination Chemotherapy in Metastatic, Unresectable Esophageal Cancer. Cancer Res Treat. 2017,
49(2): 416–422.

Tables
Due to technical limitations, tables are only available as a download in the supplemental �les section

Figures

Figure 1

Percentage change from baseline in tumor size. Each bar represents one case (n=38) and bars represent
best response in dimension of target lesions.
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Figure 2

Kaplan–Meier estimates of progression-free survival (PFS) and overall survival (OS) in all patients. The
median PFS and OS were 105 days and 221 days respectively.
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Figure 3

Subgroups analyses of survival between different groups. A Kaplan–Meier estimates of PFS in patients
who previously received chemotherapy containing 5-FU or not. B Kaplan–Meier estimates of OS in
patients who previously received chemotherapy containing 5-FU or not. C Kaplan–Meier estimates of PFS
in patients who previously received chemotherapy or chemoradiotherapy. D Kaplan–Meier estimates of
OS in patients who previously received chemotherapy or chemoradiotherapy. E Kaplan–Meier estimates
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of PFS in patients who previously received different lines of treatment. F Kaplan–Meier estimates of OS
in patients who previously received different lines of treatment.
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