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Abstract. Malignant pleural mesothelioma (MPM) is an 
aggressive tumor of serosal surfaces with a poor prognosis. 
Methotrexate and gemcitabine have exhibited single-agent 
activity in MPM. We evaluated the feasibility of sequential 
administration of these agents in the treatment of MPM. 
A total of 21 patients with MPM received a 30‑min infusion 
of 100 mg/m2 methotrexate and, 30 min later, a 30‑min infu-
sion of 800 mg/m2 gemcitabine. Twenty-four hours following 
the administration of methotrexate, leucovorin rescue 
therapy was initiated (10  mg̸m2 leucovorin administered 
4  times at 6‑h intervals). These treatments were adminis-
tered weekly, with 4  weekly administrations constituting 
a cycle of therapy. A total of 88 cycles were administered 
to the 21 patients, with each patient receiving 1‑10 cycles 
(median, 4.2 cycles). Eight patients (38.1%) exhibited a partial 
response, 10 patients (47.6%) had stable disease and 3 patients 
(14.3%) had progressive disease. The median overall survival 
was 19.4 months (range, 02-41 months). One-year and 2‑year 
survival rates were 61.9 and 38.1%, respectively. Hematological 
toxicity was considered acceptable, with grade 3‑4 toxicities 
occurring in 3 (14.3%) patients. Non‑hematologic toxicity was 
generally mild. There was no treatment‑related mortality. Our 
results suggest that methotrexate and gemcitabine combina-
tion therapy is feasible and effective in the treatment of MPM. 
This regimen may offer an alternative to platinum-based 
chemotherapy and a prospective trial including a larger cohort 
of patients is recommended to confirm these results.

Introduction

Malignant pleural mesothelioma (MPM) arises from the 
mesothelial surface of the pleural cavity and is a locally 
invasive tumor with poor prognosis  (1,2). In >70% of 
patients, the tumor is associated with exposure to asbestos 
fibers following a long latent period of 20-50 years (3). The 
incidence of mesothelioma is rare in the general population; 
however, it is expected to increase in the next 20 years in 
industrialized countries as a result of past asbestos use (4,5).

MPM is refractory to the currently available treatment 
options. The efficacy of surgical therapy has not been 
precisely defined (6) and radiotherapy may be palliative but 
does not prolong survival (7). For the majority of patients 
with MPM, systemic chemotherapy remains the standard of 
care (8). Prior to 2003, the majority of studies on chemo-
therapy for MPM were conducted using either single agents 
or combination regimens in the setting of small phase  II 
trials. The results demonstrated <20% of tumor regression 
with no significant effect on patient survival, which was 
6-9 months (8,9). Since 2003, the combination of cisplatin and 
pemetrexed (PTX) has been used as standard chemotherapy 
for MPM (10). This was based on a randomized phase III 
study in which PTX plus cisplatin achieved a response rate 
of 41.3% and a median survival of 12.1 months, compared to 
16.7% response rate and 9.3‑month median survival achieved 
by cisplatin alone (10).

In this study, a non-platinum-based combination therapy 
with two anti-metabolites (methotrexate and gemcitabine) 
was devised. Methotrexate is an analogue of folic acid 
known to be effective against breast cancer, lymphoblastic 
leukemia and osteosarcoma  (11,12). Gemcitabine is a 
pyrimidine analogue, effective against a wide range of solid 
tumors, including pancreatic carcinoma and non-small cell 
lung carcinoma  (13). Methotrexate and gemcitabine have 
been reported to exhibit single‑agent activity in MPM (8,9); 
however, the combined administration of these agents has not 
yet been investigated.

In the present study, we evaluated the feasibility and effi-
cacy of methotrexate and gemcitabine combination therapy 
in the treatment of MPM, through the analysis of toxicity, 
response and survival data.
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Patients and methods

Patients. Patients with histologically confirmed MPM who had 
previously received 0-1 chemotherapy cycles, not including 
gemcitabine and methotrexate, were considered eligible for this 
single‑center study. Tumor extension was classified according 
to the tumor‑node‑metastasis (TNM) staging system developed 
by the International Mesothelioma Interest Group (IMIG) (14). 
Patients were 18‑75 years of age, with an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0‑2, had 
adequate bone marrow function (hemoglobin concentra-
tion ≥10 g̸dl, total leukocyte count ≥3.0x109̸l, granulocyte 
count ≥1.5x109̸l and platelet count ≥100x109̸l), adequate renal 
function (serum creatinine level <1.5 mg/dl) and adequate 
hepatic function (total bilirubin level ≤1.5 times the upper limit 
of normal and serum alanine transferase and alkaline phospha-
tase levels ≤3 times the upper limit of normal). Patients with 
a concurrent malignancy of another type or symptoms and̸or 
signs of metastases in the central nervous system were excluded. 
Patients with prior surgery were considered eligible. This study 
was approved by the Institutional Review Board of Hyogo 
College of Medicine and informed consent was obtained from 
each patient.

Treatment. Patients received a 30‑min intravenous (i.v.) infu-
sion of 100 mg/m2 methotrexate and, 30 min later, a 30‑min 
i.v. infusion of 800 mg/m2 gemcitabine. For leucovorin rescue, 
calcium leucovorin (10 mg/m2, p.o. or i.v.) was administered 
4 times at 6‑h intervals, initiated 24 h after the administration 
of methotrexate. These treatments were administered weekly, 
with 4 treatments constituting a cycle of therapy. A maximum 
of 6 cycles were administered, unless therapy was terminated 
due to tumor progression, patient death or wish of treatment 
discontinuation, or in the presence of convincing evidence that 
further treatment was not beneficial. Antiemetic and symptom-
atic treatments were permitted. Analyses of blood cell count and 
chemistry were performed weekly. Treatment was delayed in 
the case of ⅰ) absolute neutrophil count <1.5x109̸l and/or platelet 
count <100x109̸l; ⅱ) any grade 3 or 4 non‑hematological toxicity 
(except for nausea̸vomiting) that did not resolve to grade 1 or 
less. If these toxicities were not resolved within the cycle, the dose 
was reduced to 75% of the previous dose level for the next cycle.

Response and toxicity criteria. Chest imaging by computed 
tomography (CT) was performed at baseline, following comple-
tion of every other treatment cycle and every 8weeks following 
completion of therapy. Objective response was evaluated and 
calculated using the modified Response Evaluation Criteria 
in Solid Tumors (RESIST) criteria for MPM (15). Treatment-
related toxicities were evaluated according to the National 
Cancer Institute Common Toxicity Criteria version 3.0 (16).

Statistical analysis. Survival was calculated as the time period 
from treatment initiation to death, using the Kaplan-Meier 
method (17).

Results

Patient characteristics. The characteristics of the 21 eligible 
patients are listed in Table Ⅰ. There were 16 males and 5 females, 

with a median age of 63 years (range, 51-75 years). The histo-
logical pattern of MPM was epithelial in 17 cases, sarcomatous 
in 3 cases and biphasic in 1 case. Nineteen patients (90.4%) 
had stage III and IV disease according to the IMIG staging 
system at the time of enrollment. Thirteen patients (61.9%) had 
an ECOG performance status of 0 or 1.

Responses to treatment. A total of 88 cycles were administered 
to the 21 patients. Each patient received a median 4.2 cycles 
(range, 2‑10 cycles). Response to chemotherapy is shown 
in Table  II. No patients exhibited a complete response. 
Eight patients (38.1%) exhibited a partial response. According 
to the histological pattern, a PR was observed in 6 out of the 
17 patients with epithelial type and in 2 out of the 3 patients with 
sarcomatous type MPM. Out of the total 21 patients, 10 (47.6%) 
had stable disease and 3 (14.3%) had progressive disease with 
no period of stabilization.

Toxicity. The toxicity observed in each patient is shown in 
Table  III. There was no treatment-related mortality. The 
most frequently observed hematological side effects were 
neutropenia and thrombocytopenia. Grade 3‑4 hematologic 

Table I. Patient characteristics.

Characteristics	 No. (%)

Gender
  Male	 16 (76.2)
  Female	 5 (23.8)
Age, years
  Median	 63
  Range	 51-75
Performance status
  0	 1 (4.8)
  1	 12 (57.1)
  2	 8 (38.1)
IMIG stage
  Ib	 1 (4.8)
  II	 1 (4.8)
  III	 4 (19.0)
  IV	 15 (71.4)
Histological subtype
  Epithelial	 17 (81.0)
  Sarcomatous	 3 (14.3)
  Biphasic	 1 (4.7)
Previous treatment
  None	 10 (47.6)
  Surgery	 2 (9.5)
  Chemotherapy	 9 (42.9)
Asbestos exposure
  Yes	 13 (61.9)
  No	 8 (38.1)

IMIG, International Mesothelioma Interest Group.
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toxicities were observed in 3 patients (14.3%), which, however, 
were manageable and did not result in life-threatening 
complications. Six patients (28.6%) experienced grade 1‑2 
gastrointestinal toxicities (nausea, vomiting and anorexia) 
and 7 patients (33.3%) developed grade 1‑2 liver dysfunction. 
Two patients developed interstitial pneumonitis (grade 2) and 
were administered glucocorticosteroid therapy.

Survival. The median overall survival was 19.4  months 
(range, 2-41 months), with a 1- and 2‑year survival rates of 61.9 
and 38.1%, respectively (Fig. 1). As regards the histological 
pattern, the median survival was 19.6 months for the epithe-
lial, 22.6 months for the sarcomatous and 7.1 months for the 
biphasic type of MPM.

Discussion

MPM is notoriously refractory to the majority of treatments 
and the standard first-line treatment is currently cisplatin and 
PTX chemotherapy (10). In the present study, we evaluated the 

feasibility of a non-platimum regimen for MPM, involving the 
sequential administration of the anti-metabolites, methotrexate 
and gemcitabine.

Methotrexate, an antifolate, has long been used as an 
anticancer agent and exerts its action through the inhibition 
of dihydrofolate reductase (DHFR) (12). High-dose metho-
trexate (1500 mg/m2) has been reported to be effective in the 
treatment of MPM, with a response rate of 37% (18). However, 
high‑dose methotrexate was associated with severe toxicity 
and this method of treatment has been abandoned. The efficacy 
of low- or medium‑dose methotrexate has not been assessed in 
MPM. In the treatment of gastric cancer (19) and head and 
neck cancer  (20), weekly administration of medium‑dose 
methotrexate (100-200  mg/m2) combined with sequential 
administration of 5-fluorouracil (5-FU) (600 mg/m2) has been 
reported to be effective and of low toxicity. In this study, a 
moderate dose of methotrexate (100 mg/m2) was administered 
weekly in combination with gemcitabine.

PTX is a newly developed antifolate that targets multiple 
enzymes involved in DNA synthesis and folate metabolism. Single 
use of PTX has been reported to be moderately effective against 
MPM (21). Following combination therapy with 1,250 mg/m2 

gemcitabine administered on days 1 and 8 and 500 mg/m2 PTX 
administered on day 8 or 1, chemotherapy-naïve MPM patients 
exhibited a response rate of 17-26%, with a median survival of 
8-10 months (22). Hematologic toxicities included grade 3‑4 
neutropenia (60%) and febrile neutropenia (10%). These results 
indicated that the combination of PTX and gemcitabine was 
moderately effective in MPM patients but was associated with a 
notably high incidence of neutropenia (22).

In this study on the methotrexate and gemcitabine doublet 
regimen, 3 patients (14.3%) exhibited grade 3-4 hematologic 
toxicity, with no sepsis or hemorrhage. There was no observed 
grade 3-4 non‑hematological toxicity. Two patients developed 
interstitial pneumonitits (grade 2) which responded well to 

Table IⅠ. Response to chemotherapy and histologic subtype.

	 Histologic subtype
	 ------------------------------------------------------------------------------------------------------------
	 Overall	 Epithelial	 Sarcomatous	 Biphasic
Response	 no. (%)	 no. (n)	 no. (n)	 no. (n)

Complete response	 0	 0	 0	 0
Partial response	 8 (38.1)	 6	 2	 0
Stable disease	 10 (47.6) 	 8	 1	 1
Progressive disease	 3 (14.3)	 3	 0	 0

Table IⅡ. Chemotherapy-related toxicity in eligible patients.

	 Grade 1	 Grade 2	 Grade 3	 Grade 4
Toxicity	 no. (%)	 no. (%)	 no. (%)	 no. (%)

Hematologic	 5	 2 (9.5)	    2 (9.5)	 1 (4.8)
Gastrointestinal	 5 (23.8)	 1 (4.8)	 0 (0)	 0 (0)
Hepatobiliary	 4 (19.0)	   3 (14.3)	 0 (0)	 0 (0)
Pulmonary	 0 (0) 	 2 (9.5)	 0 (0)	 0 (0)

Figure 1. Overall survival.
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steroid therapy. Thus, the tolerability and toxicity profiles were 
considered acceptable.

The response rate with the methotrexate and gemcitabine 
combination chemotherapy was 38.1%, which is within the 
range of 20‑50% observed with other ‘active’ agents for 
MPM (8,10). Median survival was 19.4 months. Antifolates 
may be one of the key agents for MPM, since the majority 
of mesothelioma cells of all histological MPM subtypes 
express high‑affinity α folate receptor (23). In our combination 
regimen, we observed that methotrexate, an old‑type antifo-
late, exhibited desirable efficacy. Methotrexate has also been 
reported to be more efficient compared to PTX, a newly devel-
oped antifolate, against osteosarcoma cells (24), indicating 
that methotrexate possesses a therapeutic potential.

In the present study, 10 out of the 21 patients were 
chemotherapy‑naïve and their response rate to this regimen 
was similar to the overall response rate described above. This 
suggests that methotrexate plus gemcitabine may be benefi-
cial as the first-line treatment for MPM. Eleven patients who 
had been previously treated also exhibited a response rate 
similar to the overall response rate. Although the optimal 
regimen constituting the second-line chemotherapy remains 
to be determined, results of the present study suggest that 
methotrexate plus gemcitabine may also be beneficial as a 
second‑line treatment.

In conclusion, the present study demonstrated that the 
methotrexate and gemcitabine combination therapy is feasible, 
with a more favorable toxicity profile and efficient in the treat-
ment of MPM. Further clinical evaluation is required, with 
prospective trials including a larger cohort of patients.
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