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Purpose: Patients with malignant pleural mesothelioma,
a rapidly progressing malignancy with a median survival
time of 6 to 9 months, have previously responded poorly to
chemotherapy. We conducted a phase III trial to determine
whether treatment with pemetrexed and cisplatin results in
survival time superior to that achieved with cisplatin alone.

Patients and Methods: Chemotherapy-naive patients
who were not eligible for curative surgery were randomly
assigned to receive pemetrexed 500 mg/m2 and cisplatin
75 mg/m2 on day 1, or cisplatin 75 mg/m2 on day 1. Both
regimens were given intravenously every 21 days.

Results: A total of 456 patients were assigned: 226 re-
ceived pemetrexed and cisplatin, 222 received cisplatin
alone, and eight never received therapy. Median survival time
in the pemetrexed/cisplatin arm was 12.1 months versus 9.3
months in the control arm (P � .020, two-sided log-rank test).
The hazard ratio for death of patients in the pemetrexed/

cisplatin arm versus those in the control arm was 0.77. Me-
dian time to progression was significantly longer in the pem-
etrexed/cisplatin arm: 5.7 months versus 3.9 months (P �
.001). Response rates were 41.3% in the pemetrexed/cispla-
tin arm versus 16.7% in the control arm (P < .0001). After 117
patients had enrolled, folic acid and vitamin B12 were added
to reduce toxicity, resulting in a significant reduction in toxic-
ities in the pemetrexed/cisplatin arm.

Conclusion: Treatment with pemetrexed plus cisplatin
and vitamin supplementation resulted in superior survival
time, time to progression, and response rates compared
with treatment with cisplatin alone in patients with malig-
nant pleural mesothelioma. Addition of folic acid and vita-
min B12 significantly reduced toxicity without adversely
affecting survival time.

J Clin Oncol 21:2636-2644. © 2003 by American
Society of Clinical Oncology.

MALIGNANT PLEURAL mesothelioma (MPM) is a lo-
cally invasive and rapidly fatal malignancy linked to asbes-

tos exposure. Surgical resection is possible in a minority of patients,
and fewer than 15% of these patients live beyond 5 years.1-3 For
those who are not treated with curative resection, the median
survival duration when receiving supportive care alone has been
reported as 6 months,4,5 whereas the median survival time of 337
patients in 11 multicenter chemotherapy trials was 7 months.6

Treatment with radiation therapy has been equally disappointing, in
part because of difficulties in irradiating disease while avoiding
toxicity to normal lung, cardiac, and spinal cord tissues.7,8

Numerous single agents, such as cisplatin, doxorubicin, and
gemcitabine, and drug combinations, such as gemcitabine and
cisplatin, have been studied in phase II trials.9-14 However,
the strength of this evidence has not supported the standard

use of chemotherapy. The few published randomized trials in
MPM have shown negative results, have often been under-
powered, and have been associated with median survival
times of only 6 to 8 months.15-19

Recently, pemetrexed, a novel multitargeted antifolate,20 has
shown modest activity as a single agent in a phase II trial of
patients with MPM (response rate, 14.1%, or nine of 64
patients).21 Pemetrexed inhibits dihydrofolate reductase, thymi-
dylate synthase, and glycinamide ribonucleotide formyltrans-
ferase, enzymes involved in purine and pyrimidine synthe-
sis.22,23 Pemetrexed enters the cell primarily through the reduced
folate carrier, and undergoes extensive intracellular polygluta-
mation by folylpoly-gamma-glutamate synthetase. The polyglu-
tamated forms, retained for long periods within the cell,24 have
more than 100-fold greater affinity for thymidylate synthase and
glycinamide ribonucleotide formyltransferase than the parent
drug, pemetrexed monoglutamate.25 In addition to single-agent
activity, responses were seen in MPM patients in two phase I
trials of pemetrexed combined with platinum analogs.26,27 In the
first study of 40 assessable patients, 11 patients were enrolled
with a diagnosis of MPM and were given pemetrexed combined
with cisplatin, at increasing doses of both drugs. Surprisingly,
five (45%) of 11 patients had a partial response (PR). The
maximum-tolerated dose over all cycles was established at
pemetrexed 600 mg/m2 and cisplatin 75 mg/m2. At this dose,
seven of 12 patients experience grade 3 or 4 neutropenia,
whereas eight patients experienced grade 3 or 4 anemia. This was in
contrast to only one of three patients with grade 3 neutropenia or
grade 4 anemia treated at the recommended phase II dose of
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pemetrexed 500 mg/m2 and cisplatin 75 mg/m2. The second trial
enrolled 25 chemotherapy-naive patients with MPM who received
increasing doses of both pemetrexed and carboplatin; eight patients
(32%) assessable for response experienced a PR.

Encouraged by these results and by early results of a phase II trial
of pemetrexed 500 mg/m2 and cisplatin 75 mg/m2 in patients with
non–small-cell lung cancer showing that the combination at this
dose was well tolerated,28 we initiated a large, phase III clinical trial
to determine whether pemetrexed/cisplatin therapy was associated
with superior survival duration compared with cisplatin alone in the
treatment of patients with MPM.

PATIENTS AND METHODS

Patients

Patients with histologically proven pleural mesothelioma who were not
candidates for curative surgery were assessed for eligibility. Eligibility
requirements included uni- or bidimensionally measurable disease, age �18
years with life expectancy �12 weeks, and a Karnofsky performance status
of � 70. Patients were excluded if they had prior chemotherapy, a second
primary malignancy, or brain metastases, or if they were unable to interrupt
nonsteroidal anti-inflammatory drugs.

Study Design

This study was a multicenter, randomized, single-blind study comparing
treatment with pemetrexed and cisplatin versus cisplatin alone in MPM
patients. The primary outcome was survival. Secondary outcomes reported
here include time to progressive disease, time to treatment failure, tumor
response rate, and duration of response. Pulmonary function testing, lung
density analysis, and quality-of-life outcomes will be reported in separate
publications. After informed consent was obtained, eligible patients were
randomly assigned to arms of pemetrexed and cisplatin or cisplatin alone. Patient
randomization was balanced for the following baseline factors: treatment center,
country, pain level at entry, analgesic consumption at entry, dyspnea at entry,
performance status, degree of measurability of disease, histologic subtype, sex,
baseline WBC count, and baseline serum homocysteine levels.

Three treatment-related deaths (7%) were reported among the first 43
patients randomly assigned to the experimental arm. Severe toxicities (eg,
grade 4 neutropenia and diarrhea) in other pemetrexed studies were linked to
high blood levels of homocysteine and methylmalonic acid, at study entry, in
a large multivariate analysis, suggesting that such toxicity and possibly some
deaths may be related to reduced folic acid and vitamin B12 pools.29

Therefore, beginning December 2, 1999, folic acid and vitamin B12 supple-
mentation was required for all patients receiving pemetrexed and for those
subsequently enrolled in this study. This change resulted in three patient
subgroups that were defined by supplementation status: (1) never supple-
mented patients (NS) completed treatment before the protocol change (ie,
December 2, 1999); (2) partially supplemented patients (PS) began treatment
before this date and completed treatment after that date; (3) fully supple-
mented patients (FS) began treatment after that date. To ensure adequate
statistical power of the FS subgroup, the sample size was substantially
increased (see statistical plan that appears later).

Treatment

Pemetrexed was administered intravenously (IV) at 500 mg/m2 over 10
minutes, followed 30 minutes later by cisplatin 75 mg/m2 IV over 2 hours on day
1 of a 21-day cycle. Patients assigned to the cisplatin arm were treated likewise,
except normal saline was given in the place of pemetrexed at equivalent volume.
Folic acid 350 to 1,000 �g was taken orally daily beginning 1 to 3 weeks before
the first chemotherapy doses and was continued throughout study therapy.
Vitamin B12 1,000 �g was given intramuscularly 1 to 3 weeks before the first
dose of study therapy and repeated every 9 weeks while a patient was receiving
study therapy. In addition, dexamethasone was given the day before, day of, and

day after pemetrexed dosing to reduce the risk of severe skin rash. Both vitamin
supplementation and dexamethasone were given to patients in both arms to
maintain patient blinding to study therapy. Other chemotherapy, immunother-
apy, or hormonal therapy was not permitted. Supportive care therapies were
allowed per protocol during the study.

Dose adjustments for hematologic toxicity were based on a stepwise
reduction schedule. Grade 3 or 4 mucositis, diarrhea requiring hospitaliza-
tion, or grade 3 or 4 nonhematologic effects also resulted in dose reduction
for subsequent doses. Any patient requiring three dose reductions was
discontinued from the study. Dose delays up to 42 days were permitted for
recovery from study drug toxicity. Dose escalations were not allowed.

Assessments During and After Treatment

Baseline and predosing assessment included a complete history and physical
examination, complete blood cell count, calculated creatinine clearance, liver
enzymes, blood electrolytes, blood albumin, calcium and glucose, and vitamin
metabolites. Survival was defined as the time from randomization to the time of
death from any cause. Patients who were alive on the date of last follow-up were
censored on that date. Time to progressive disease was defined as the time from
randomization until documented progression or death from any cause. For
patients without progressive disease at the time of analysis, the date of last
follow-up was considered right-censored. Duration of tumor response was
defined as the time from the first objective status of a response to the time of
documented disease progression or death from any cause. Chest imaging was
performed at least once just before every other treatment while a patient was
receiving study therapy and approximately every 6 weeks after completion of
study therapy. Time to treatment failure was defined as the time from random-
ization to the date of observed disease progression, death from any cause, or
early discontinuation of treatment.

Change in disease was assessed by measuring the thickness of up to three
involved areas of pleural rind at each of three separate levels at least 2 cm
apart on computed tomography scan, at baseline, and every other cycle (at
least one measurement was � 1.5 cm).30 A complete response (CR) was
defined as complete absence of measurable, nonmeasurable but assessable,
and unassessable disease with no new lesions and no disease-related
symptoms. A PR was defined as � 50% reduction from baseline of the sum
of the products of perpendicular diameters of bidimensionally measurable
disease when only such disease was present, � 30% decrease in the sum of
the greatest diameters of unidimensionally measurable lesions when only
such disease was present, or reduction of either type of disease as defined
above and the other type at least stable when both types were present, with
nonmeasurable lesions being at least stable, with no new lesions. Any CR or
PR required confirmation 4 weeks later. Tumor response rate was defined as
the proportion of patients who experienced either a CR or PR times 100.
Tumor progression was defined as the appearance of a new or relapsed
lesion/site, a 50% increase in the sum of products of all bidimensionally
measurable lesions over the smallest sum observed when only such disease
was present, a 25% increase in the sum of the longest dimension of
unidimensionally measurable lesions over smallest sum observed when only
such disease was present (in the presence of both disease types, progression
of either type as defined above and at least stable disease for the other),
worsening of assessable disease, or death from disease. Stable disease was
disease that did not qualify for CR, PR, or progression.

Statistical Analyses

The primary statistical analysis compared survival times between the two
study arms. This primary analysis was conducted on an intent-to-treat (ITT)
basis. Secondary analyses were conducted comparing subgroups defined by
supplementation status within or across treatment arms to assess the effect of
supplementation on safety and efficacy. Unless otherwise noted, all tests of
hypotheses were conducted at the alpha � 0.050 level, with a 95%
confidence interval.

Kaplan-Meier nonparametric techniques31 were used for the comparison
of survival times between the two treatment arms in the ITT population.
Differences were assessed using a two-sided log-rank test. Because an
interim analysis was conducted (resulting in a decision to continue the trial
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to planned completion), the comparison of survival times was tested at the
� � .0476 level. To assess the impact of supplementation on survival times
in the pemetrexed/cisplatin arm, the Kaplan-Meier analysis of survival time
was conducted on FS and on FS � PS patients. Statistical analyses of
time-to-event secondary efficacy variables were comparable to those of the
primary efficacy variable. Comparisons of the tumor response rates between
the two treatment arms was made using the Fisher’s exact test with 95%

CIs calculated using the method of Leemis and Trivedi.32 Dose-intensity
(DI) was calculated as mean dose in milligrams per square meter per
week. The percentage of planned DI delivered was calculated as the mean
DI delivered in milligrams per square meter per week divided by the
planned DI in milligrams per square meter per week times 100. The
incidence of common toxicity criteria toxicities was analyzed using
Fisher’s exact test.

Table 1. Patient Characteristics

Pemetrexed/Cisplatin Cisplatin

Intent to Treat
(n � 226)

Full
Supplementation

(n � 168)

Partial
Supplementation

(n � 26)

Never
Supplemented

(n � 32)
Intent to Treat

(n � 222)

Full
Supplementation

(n � 163)

Partial
Supplementation

(n � 21)

Never
Supplemented

(n � 38)

Age, years
Median 61 60 62.5 61 60 60 62 59.5
Range 29-85 29-85 38-75 32-77 19-84 19-82 36-81 35-84

Sex
Male

No. of patients 184 136 22 26 181 134 18 29
% 81.4 81.0 84.6 81.3 81.5 82.2 85.7 76.3

Female
No. of patients 42 32 4 6 41 29 3 9
% 18.6 19.0 15.4 18.8 18.5 17.8 14.3 23.7

Race
White

No. of patients 204 150 23 31 206 153 19 34
% 90.3 89.3 88.5 96.9 92.8 93.9 90.5 89.5

Other*
No. of patients 22 18 3 1 16 10 2 4
% 9.7 10.7 11.5 3.1 7.2 6.1 9.5 10.5

Performance status
70

No. of patients 37 25 3 9 31 22 3 6
% 16.4 14.9 11.5 28.1 14.0 13.5 14.3 15.8

80
No. of patients 72 58 7 7 66 47 7 12
% 31.9 34.5 26.9 21.9 29.7 28.8 33.3 31.6

90/100
No. of patients 117 85 16 16 125 94 11 20
% 51.8 50.6 61.5 50.0 56.3 57.7 52.4 52.6

Histology
Epithelial

No. of patients 154 117 18 19 152 113 14 25
% 68.1 69.6 69.2 59.4 68.5 69.3 66.7 65.8

Sarcomatoid
No. of patients 18 14 2 2 25 17 3 5
% 8.0 8.3 7.7 6.3 11.3 10.4 14.3 13.2

Mixed cell
No. of patients 37 25 4 8 36 25 4 7
% 16.4 14.9 15.4 25.0 16.2 15.3 19.0 18.4

Unspecified
No. of patients 17 12 2 3 9 8 0 1
% 7.5 7.1 7.7 9.4 4.1 4.9 0.0 2.6

Stage
I

No. of patients 16 15 1 0 14 12 0 2
% 7.1 8.9 3.8 0.0 6.3 7.4 0.0 5.3

II
No. of patients 35 27 5 3 33 27 2 4
% 15.6 16.2 19.2 9.4 15.0 16.8 9.5 10.5

III
No. of patients 73 51 12 10 68 49 9 10
% 32.4 30.5 46.2 31.3 30.9 30.4 42.9 26.3

IV
No. of patients 102† 75† 8 19 107† 75† 10 22
% 45.1 44.6 30.8 59.4 48.2 46.0 47.6 57.9

*Includes Hispanics, Asians, and patients of African descent.
†Includes patients with unspecified stage (one patient in pemetrexed/cisplatin arm and two patients in cisplatin arm).
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RESULTS

Patient Characteristics

From April 1999 to March 2001, 574 patients signed informed
consent, and of 456 eligible patients, 226 received pemetrexed/
cisplatin, and 222 received cisplatin alone. (Eight randomly
assigned patients went off study before receiving any study drug;
reasons were patient decision [four patients], inclusion criteria
not met [two patients], hypertension [one patient],and death from
study disease [one patient]). These 448 patients were assessable
for efficacy and toxicity as the ITT population.

As seen in Table 1, treatment arms were well balanced with
respect to baseline characteristics. Patients were predominantly
male and white, with a median age of 61 years (range, 19 to 85
years). Approximately two thirds of the patients had epithelial
histology, whereas 78% had stage III or stage IV disease. The most
common metastatic sites included pleural rind, mediastinal lymph
node, lung, and chest wall. No patient had prior systemic chemo-
therapy, but 12% of patients had prior radiotherapy. Pemetrexed/
cisplatin patients received more treatment cycles (median, six
cycles; range, one to 12 cycles) than those receiving cisplatin alone
(median, four cycles; range, one to nine cycles; Table 2). Similarly,
within each arm, supplemented patients received more cycles than
never-supplemented patients. The delivered DI of study drugs was
highly efficient, exceeding 90% in both arms. Median follow-up
was 10.0 months.

Efficacy

Survival curves of the ITT population and FS subgroup for
each arm are shown in Figure 1A and 1B, respectively. The
median survival time for pemetrexed/cisplatin-treated patients
was longer than for patients receiving cisplatin alone: 12.1
months versus 9.3 months, representing a highly statistically
significant difference (Table 3). In the FS subgroup, median
survival time was 13.3 months for the pemetrexed/cisplatin arm
and 10.0 months in the control arm, representing a difference
that approaches statistical significance (P � .051). Although the
PS-only subgroup was a relatively small subset, comparison of this

subgroup between the two arms showed a hazard ratio of 0.78,
which was comparable to that of the FS subgroups. We
therefore combined these subgroups to explore the effect of
treatment on the subgroup of patients who received supple-
mentation at some time during their therapy (ie, FS/PS). As
can be seen in Table 3, the comparison of survival time
between the two arms showed a similar treatment effect: 13.2
months for the pemetrexed/cisplatin arm versus 9.4 months
for the control arm (P � .022). However, in the NS subgroup,
there was no statistically significant difference between the
two arms; this was likely due at least in part to the small
numbers of patients in each subgroup (data not shown).

As with survival duration, the median time to progressive disease
was significantly longer for patients who received pemetrexed and
cisplatin as compared with patients who received cisplatin alone
(5.7 months v 3.9 months; P � .001; Fig 2A, Table 3). This
difference was similar for both the FS and FS/PS subgroups as well
(Fig 2B, Table 3). The median time to treatment failure was also
significantly longer in the pemetrexed/cisplatin arm than in the
control arm. Again, the results were similar in the FS and FS/PS
subgroups. The response rates are listed in Table 3. All
responses were PRs: 41.3% of pemetrexed/cisplatin patients
versus 16.7% in the control group. This magnitude of effect
was similar in the vitamin-supplemented subgroups.

Toxicity

Hematologic toxicities are summarized as worst grade 3 or 4
toxicity in Tables 4 and 5. In the control arm, severe toxicity was
uncommon. In the pemetrexed/cisplatin arm, grade 3/4 neutropenia
(27.9%) and grade 3/4 leukopenia (17.7%) were the most common
hematologic toxicities. Toxicity within this arm was analyzed
comparing supplementation subgroups in two ways (ie, FS v
combined PS/NS patients and FS/PS combined v NS patients; Table
5). The incidence of grade 3/4 neutropenia was significantly higher
among NS/PS patients (41.4%) compared with FS patients (23.3%;
P � .011); this difference was similar when PS/FS patients were
compared with NS patients. A similar but nonsignificant trend
was observed for leukopenia: 25.8% for PS/NS patients

Table 2. Summary of Study Drug Administration

Pemetrexed/Cisplatin Cisplatin

Intent to Treat
(n � 226)

Full
Supplementation

(n � 168)

Partial
Supplementation

(n � 26)

Never
Supplemented

(n � 32)
Intent to Treat

(n � 222)

Full
Supplementation

(n � 163)

Partial
Supplementation

(n � 21)

Never
Supplemented

(n � 38)

Cycles given
Median 6.0 6.0 6.0 2.0 4.0 4.0 6.0 2.0
Range 1-12 1-12 2-6 1-6 1-9 1-9 2-6 1-6
% Completing at least four cycles 71.2 73.2 96.1 40.6 55.4 55.2 85.7 39.5
% Completing at least six cycles 53.1 57.7 65.4 18.8 40.1 40.5 66.7 23.7
% Completing at least eight cycles 5.3 7.1 0 0 2.3 3.1 0 0

Dose delivered, pemetrexed
DI, mg/m2/wk 153.4 154.6 141.3 156.6 N/A N/A N/A N/A
% Planned DI 92.0 92.8 84.8 94.0 N/A N/A N/A N/A

Dose delivered, cisplatin
DI, mg/m2/wk 23.2 23.4 21.5 23.5 24.1 24.1 23.9 24.3
% Planned DI 92.8 93.6 86.0 94.0 96.4 96.4 95.6 97.2

Abbreviations: DI, dose-intensity; N/A, not applicable.
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versus 14.9% for FS patients (P � .072). Nonhematologic
laboratory toxicity was infrequent, with five episodes of
decreased creatinine clearance and three episodes of hypona-
tremia, all in pemetrexed/cisplatin patients (data not shown).

Clinical toxicities are also listed in Tables 4 and 5. In both
treatment groups, nausea, vomiting, and fatigue were the most
commonly reported nonlaboratory toxicities, with � 88% of
events reported as grade 3. The incidence of nausea, vomiting,

Fig 1. Kaplan-Meier estimates of overall survival time for all patients (Pts) (A) and for fully supplemented patients (B). Overall survival was significantly longer for
the pemetrexed/cisplatin-treated patients (Pem/Cis) in the group of all patients (P � .020) and approached significance for the group of fully supplemented patients (P �

.051). MS, median survival; Cis, cisplatin alone.

Table 3. Results From Analysis of Efficacy Parameters

Intent to Treat Fully Supplemented Fully and Partially Supplemented

Pemetrexed/Cisplatin
(n � 226)

Cisplatin
(n � 222)

Pemetrexed/Cisplatin
(n � 168)

Cisplatin
(n � 163)

Pemetrexed/Cisplatin
(n � 194)

Cisplatin
(n � 184)

Survival
Median, months 12.1 9.3 13.3 10.0 13.2 9.4
95% CI for median 10.0 to 14.4 7.8 to 10.7 11.4 to 14.9 8.4 to 11.9 10.9 to 14.8 8.4 to 11.6
Hazard ratio 0.77 0.75 0.71
Log-rank P .020 .051 .022
Wilcoxon P .028 .039 .019
1-year survival, % 50.3 38.0 56.5 41.9 54.1 40.9
P* .012 .011 .014
Percent censored 35.8 28.4 43.5 36.8 41.2 33.2

Time to PD
Median, months 5.7 3.9 6.1 3.9 6.1 4.3
95% CI for median 4.9 to 6.5 2.8 to 4.4 5.3 to 7.0 2.8 to 4.5 5.4 to 6.7 3.0 to 4.9
Hazard ratio 0.68 0.64 0.70
Log-rank P .001 .008 .003
Wilcoxon P � .001 � .001 � .001
Percent censored 7.5 9.0 8.9 12.3 8.8 10.9

Tumor response†
Response rate, % 41.3 16.7 45.5 19.6 45.6 19.0
95% CI for response

rate
34.8 to 48.1 12.0 to 22.2 37.8 to 53.4 13.8 to 26.6 38.4 to 52.9 13.6 to 25.4

Fisher’s exact P � .001 � .001 � .001

Abbreviation: CI, confidence interval; PD, progressive disease.
*Two-sided P value based on standard normal distribution.
†One pemetrexed/cisplatin patient did not have measurable disease at baseline and was excluded from analysis of tumor response rate.
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fatigue, diarrhea, dehydration, and stomatitis were significantly
higher in the pemetrexed/cisplatin arm. In the pemetrexed/
cisplatin arm, the FS subgroup experienced consistently less
toxicity (except for dehydration), including less than a 1%
incidence of febrile neutropenia. The FS/PS subgroup showed a
similar reduction in toxicity, with differences in nausea, vomit-
ing, and febrile neutropenia reaching statistical significance.

Fourteen patients receiving pemetrexed/cisplatin died while on
study therapy or within 30 days of the last dose of study drug,

compared with eight patients receiving cisplatin alone (6.2% v
3.6%). Three deaths thought to be at least possibly study drug-
related occurred in the pemetrexed/cisplatin arm before adding
vitamin supplementation; none occurred thereafter. The remaining
deaths were thought to be disease-related.

DISCUSSION

This multicenter phase III study demonstrated a statistically
significant improvement in survival time in MPM patients treated

Fig 2. Kaplan-Meier estimates of time to progressive disease (PD) for all patients (Pts) (A) and for fully supplemented patients (B). Time to progressive disease was
significantly longer for pemetrexed/cisplatin-treated patients (Pem/Cis) in the group of all patients (P � .001) and in the group of fully supplemented patients (P � .008).
TTP, time to progression; Cis, cisplatin alone.

Table 4. Summary of Maximum Common Toxicity Criteria Grade 3/4 Toxicities

Pemetrexed/Cisplatin, Intent to
Treat (n � 226)

Cisplatin, Intent to Treat
(n � 222)

PNo. of Patients % No. of Patients %

Hematologic laboratory toxicity
Hemoglobin 11 4.8 0 0 .001
Leukocytes 40 17.7 2 0.9 � .001
Neutrophils 63 27.9 5 2.3 � .001
Platelets 13 5.8 0 0 � .001

Nonlaboratory toxicity
Nausea 33 14.6 14 6.3 .005
Fatigue 23 10.2 19 8.6 .628
Vomiting 30 13.3 8 3.6 .000
Diarrhea 10 4.4 0 0 .002
Dehydration 9 4.0 1 0.5 .020
Stomatitis 9 4.0 0 0 .004
Anorexia 5 2.2 1 0.5 .216
Febrile neutropenia 4 1.8 0 0 .123
Infection with G3 or G4 neutropenia 3 1.3 1 0.5 .623
Rash 3 1.3 0 0 .248

*Fisher’s exact P value for comparison of intent-to-treat pemetrexed and cisplatin group versus intent-to-treat cisplatin group.
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with pemetrexed/cisplatin compared with cisplatin alone. This
improvement is also clinically relevant; the additional survival time
of 2.8 months in the pemetrexed/cisplatin arm is nearly twice as
long as the 6-week median survival improvement found in meta-
analyses and used to justify recommendations for the use of
cisplatin-containing regimens in advanced non–small-cell lung
cancer.33,34 The 2.8-month survival benefit represents a hazard ratio
of 0.77 or relative risk reduction for death of 23%. A risk reduction
of this magnitude is usually considered a meaningful incremental
survival-time improvement in oncology trials. Design features such
as the large sample size and multiple strata of prognostic factors in
the randomization scheme gives added confidence that this result is
robust, generalized, and attributable mainly, if not solely, to the
addition of pemetrexed to the treatment regimen. In addition, the
presence of a high percentage of patients with advanced disease
stage (III/IV) and a median survival time in the control arm that
exceeded literature-based expectations,4,5 adds to the credibility of
the results. Data from two other randomized MPM trials have been
reported. Samson et al reported the results of a randomized
intergroup trial of cyclophosphamide, imidazole carboxamide, and
doxorubicin versus cyclophosphamide and doxorubicin.17 The sam-
ple size was underpowered (n � 76), but there was no significant
difference in survival or duration of response. A second randomized
trial of ranpirnase versus doxorubicin was recently reported as an
abstract.19 That trial enrolled 154 patients, and the median survival
time was not significantly different in the two arms (7.7 months in
the ranpirnase group and 8.2 months in the doxorubicin group).

Other antifolates (trimetrexate [response rate, 12%],35 edatrexate
[response rate, 18% and 25%],36 and methotrexate [response rate,
37%]37) have been tested in single-agent, phase II studies of patients
with MPM. Although these studies suggest that other antifolate
drugs may have some activity against pleural mesothelioma, they
have not been tested in randomized trials as single agents or com-
binations against appropriate contemporaneous control groups. As

such, the evidence supporting the use of other antifolates, in prac-
tice, remains weak. Interestingly, antitumor activity may be medi-
ated through a newly identified class of high affinity alpha-folate
receptors found on mesothelioma cells of all histologic subtypes.38

In addition to examining MPM treatment regimens, this study
also looked at the effect of vitamin supplementation on those
regimens. Patients receiving pemetrexed/cisplatin with vitamins
had greater improvement in all efficacy parameters than those
receiving the same regimen without vitamins. Surprisingly,
patients receiving cisplatin alone also seemed to benefit from the
vitamin supplementation, though to a lesser degree. Supplemen-
tation enabled patients to receive more cycles of treatment
(Table 2), and this may explain these results. Most importantly,
there was no adverse effect of vitamin supplementation on
efficacy because the results of survival and other time-to-event
outcomes consistently favored the pemetrexed/cisplatin therapy.

The overall toxicity and response profile of pemetrexed/
cisplatin seemed to be similar to or better than that reported with
other two-drug chemotherapeutic regimens studied in patients
with MPM. However, a phase III study comparing this regimen
to another widely used regimen, such as gemcitabine/cispla-
tin10,11 would be necessary to clarify that hypothesis. The
primary toxicity profile of pemetrexed (mucositis, neutropenia,
and leukopenia) does not overlap that of cisplatin (gastrointes-
tinal, neurological, and renal), thus supporting their use in
combination. Patients who received vitamin supplementation
had a notable reduction in hematologic toxicity, specifically
grade 3/4 neutropenia and leukopenia, an improvement in
clinical toxicity. Overall improvement in severe toxicity has
been observed in other pemetrexed studies because vitamin
supplementation became a standard of pemetrexed therapy.29

This study had some limitations. Although crossover of
control patients to pemetrexed was not permitted, second-line
therapy was not controlled in this trial. As a result, 37.6% of

Table 5. Summary of Maximum Common Toxicity Criteria Grade 3/4 Toxicities From Pemetrexed/Cisplatin-Treated Patients

Full Supplementation
(n � 168)

Partial Supplementation
� Never Supplemented

(n � 58)

P*

Full Supplementation
� Partial Supplementation

(n � 194)
Never Supplemented

(n � 32)

P*No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Hematologic Laboratory Toxicity
Hemoglobin 7 4.2 4 6.9 .479 8 4.1 3 9.4 .192
Leukocytes 25 14.9 15 25.9 .072 29 14.9 11 34.4 .012
Neutrophils 39 23.2 24 41.4 .011 51 26.3 12 37.5 .205
Platelets 9 5.4 4 6.9 .744 10 5.2 3 9.4 .403

Nonlaboratory Toxicity
Nausea 20 11.9 13 22.4 .082 23 11.9 10 31.3 .012
Fatigue 17 10.1 6 10.3 .999 18 9.3 5 15.6 .338
Vomiting 18 10.7 12 20.7 .071 20 10.3 10 31.3 .003
Diarrhea 6 3.6 4 6.9 .284 7 3.6 3 9.4 .154
Dehydration 7 4.2 2 3.4 .999 7 3.6 2 6.3 .619
Stomatitis 5 3.0 4 6.9 .240 8 4.1 1 3.1 .999
Anorexia 2 1.2 3 5.2 .108 3 1.5 2 6.3 .148
Febrile neutropenia 1 0.6 3 5.2 .053 1 0.5 3 9.4 .009
Infection with G3 or G4 neutropenia 0 0 3 5.2 .016 1 0.5 2 6.3 .053
Rash 1 0.6 2 3.4 .163 3 1.5 0 0.0 .999

*Fisher’s exact P value for within–pemetrexed/cisplatin arm comparisons for the full supplementation versus partial supplementation plus never supplemented subgroups
and for the full supplementation plus partial supplementation versus never supplemented subgroups.
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patients on the pemetrexed/cisplatin arm and 47.3% on the
control arm received second-line chemotherapy. Despite the
potential risk for survival to be preferentially extended in the
control arm because of its higher frequency of second-line
therapy, the observed treatment effect remained statistically and
clinically significant in favor of pemetrexed/cisplatin. End
points, such as time to progressive disease and time to treatment
failure, are unlikely to be influenced by second-line treatment, yet
these outcomes were also significantly improved by pemetrexed/
cisplatin. Another limitation was the lack of a double-blind design,
because outcome measurements of response and time to progression
could be biased by prior investigator knowledge of the treatment
assignment. The response rates for both arms were as good or better

than those published in most other single-agent and combination
phase II studies, a result possibly influenced by such a bias or by the
measurement method used in this study.

In conclusion, pemetrexed/cisplatin therapy was associated
with significantly improved survival time and with overall
greater antitumor activity compared with cisplatin alone. The
regimen was well tolerated, particularly in patients who received
low-dose folic acid and vitamin B12. Vitamin supplementation
reduced toxicity with no apparent adverse affect on efficacy.
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