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Clinicians have long regarded malignant pleural me-
sothelioma as a chemoresistant neoplasm and as
a result no standard chemotherapy regimen has
emerged, Antifolates such as methotrexate ara among
the mest active compounds in mesothelioma, albelt
based only on phase H data. Recently two antifolate-
based combinations with apparently higher eflicacy
than older regimens have emerged: tha pemetrexed/
clsplatin regimen and the raltitrexedf/oxailplatin regl-
men. In two phase | trials with pemetrexed comblined
with either cisplatin or carboplatin responses occurred
in five of 1 [ and nine of 29 patients, respactively. In a
phase [ trial of raltitrexedioxallplatin, six of | 7 patients
(35%) with mesathelioma achleved a partial response,
In a phase II trial of raltitrexed/oxalipfatin, 14 objective
responses wera confirmed in 72 patients (25%) with
mallgnant pleural mesothelioma. Indeed, responses
were saen in cisplatin-refractory patients, Based on tha
promising results from these combination trials, two
large phase 1l studles have begun. The first study was
a multicenter, multinational trial sponsored by Efi Lifly
and Company, which randomized more than 430 pa-
tients with malignant pleural mesothelloma to cisplatin
with or without pemetrexed, That trial cornpleted an-
rollment in February 2001 and is the largest trial ever
conducted in mesothelloma, The second trlal Is being
conditcted by the European Organization for the Re-
search and Treatment of Cancer (EORTC) and com-
pares cisplatin with or without raltitrexed with planned
accrual of 240 patients, tn both trials, survival Is the
main endpeint. These trials will help to define the role
of these hew antifolates In malignant pleural mesothe-
lioma.
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IGNIFICANT THERAPEUTIC interest has

focused on malignant pleural mesothelioma in
recent years duc to the increasing incidence in
Western countries and due to its dismal survival
rate.’? Most patients with malignant pleural me-
sothelioma have locally advanced disease at pre-
sentation. Therefare, attempts at local control
with surgery are restricted to a few candidates for
pleurectomy. or extrapleural pneumonectomy,
Likewise, radiotherapy is rarely an option, al-
though short-duration radiation therapy delivered
te thoracoscopy scars prevents malignant seeding.?
Many systemic therapeutic options have been de-
veloped in the past, yet no standard therapy has
emerged. 6 Most agents have shown little activity
but even “active” agents have only shown response
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rates of 15% to 20%, with median survivals of only
7 to 9 months.4-% Response assessment has been a
concern, since bidimensional measurements are
difficult to obtain. In spite of these concerns, some
phase H reports have suggested that patients can
expect a 40% to 50% clinical benefit with some
drugs.™® In the cardy 1990s, combining chemo-
therapy and immunotherapy yielded promising re-
sponse tates, but the toxicity of this approach has
precluded phase [l development.!® Therefore,
most research efforts have focused on assessing the
efficacy of new agents and new combinations. Al-
though most chemotherapeutics have limited ac-
tivity, for example, paclitaxel and irinotecan, 1113
other agents including the antifolates have been
more promising, This review discusses the design
and results of trials with the older and newer
antifolates.

HISTORICAL PERSPECTIVE OF
ANTIMETABQLITES IN MESOTHELIOMA
BEFORE THE MID-19905

Although the role of antimetabolites {(including
the antifolates) has been assessed in mesotheli-
oma, reliable data on monotherapy are scarce dug
to the relative rarity of the disease and the diffi-
culties in assessing objective responses, For exam-
ple, data on 5-azacytidine are available in only six
patlents treated in two trials,!%15 while data on
3-dihydro-azacytidine {DHAC) alone and in com-
bination with cisplatin are more reliable and sug-
gest activity, including rare complete remis-
sions, 618

The activity of another antimetabolite, 5-flu-
otouraci] (5-FU), has also been poorly assessed
in three very small trials containing a total of
25 patients.!921 Although five patients (20%}
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achieved a response to therapy (including four
complete responses), only one partial response out
of 20 was reported in the largest prospective trial
reported to date.?! There have been a number of
case reports describing long-lasting responses with
single-agent 5-FU or 5-FU-based combinations?225
A single-center phase I1 trial assessed the cisplatin/
5.FU combination plus etoposide and mitomycin
C with a promising response rate of 38%.76 How-
ever, that regimen induced myelosupression re-
quiring colony-stimulating factors and the results
require confirmation. Therefore, it is difficult to
assess the efficacy of 5-FU {a thymidylate synthase
[TS] inhibitor) in malignant pleural mesothelioma
based on the available literature. A multicenter
trial of the oral fluoropyrimidine, capecitabine, has
been completed within the Cancer and Leukemia
Group B (CALGB) and final results are pending.

Three trials have assessed the activity of the
oldest antifolate, methotrexate, in mesothelioma
with response rates of 2/6, 4/9, and 22/60 (37%),
respectively.2-2% This apparent efficacy of high-
dose methotrexate plus leucoverin rescue did not
lead to widespread use in malignant pleural me-
sathelioma. This technigue is difficult to handle in
adult patients whose median age is typically 70
years and in patients whete pleural and peritoneal
effusions complicate methotrexate pharmacoki-
netics,

Therefore, methotrexate analogs were devel-
oped and tested agailnst mesothelioma. Dideazafo-
lic acid (CB3717), a quinazoline antifolate which
inhibits TS, was assessed in 17 patients with only
one partial response.’® Further trials of this com-
pound were suspended due to unpredicrable neph-
rotoxicity.

The CALGB has followed up this promising
lead by performing a series of clinical trials using
various antifolates in mesothelioma. Trimetrexate
was the first agent administered in 52 patients,
treated sequentially at twa doses {6 mg/m? X 5 and
10 mg/m?® X 3 days every 21 days). It resulted in a
low (but definite} response rate (12%) and a rea-
sonable Z-year sutvival rate of 18%.3! The Food
and Deug Administration (FDA) approved trime-
trexate to Creat Prewmoncystis carinii pneumonia.
Surpeisingly, further studies with trimetrexate in
mesothelioma have not been initiated,

Edatrexate monotherapy (80 mg/m? intrave-
nously weekly) yielded five responders in 20 pa-
tients (25%). However, this regimen was associ-
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ated with a high incidence of serious side effects,
including two lethal neutropenic fevers. The com-
bination of edatrexate with leucovorins was better
tolerated, although the response rate was only
16%, thus rafsing the question of an adverse role of
leucovarin on the efficacy of edatrexate.3? Since
edatrexate is unlikely to be FDA-approved, newer
antifolates and TS inhibitars continue to be de-
veloped.

Recently, reproducible efficacy has been re-
ported by several groups using the combination of
new-generation TS inhibitors (efther pemetrexed
or raltitrexed) and platinating agents {oxaliplatin,
cisplatin, or carboplatin).

Pemetrexed{Cisplatin

Pemetrexed {Alimta, LY231514, Eli Lilly and
Company, Indianapolis, IN}, a recently developed
antifolatefantimetabolite,’? has shown promising
activity in malignant pleural mesothelioma alone
or in combination with cisplatin ot carboplatin,
Pemetrexed is an antifolate that inhibits several
folate-dependent enzymes including TS, dihydro-
folate reductase (DHEFR), and GAR formyl trans-
ferase (GARFT). Given at a dose of 500 mg/m*
intravenously every 3 weeks, pemetrexed has a
broad range of antineoplastic activity in fung, co-
lon, pancreas, and breast cancers 3436

In a phase | trial of pemetrexed combined with
cisplatin, five of 11 patients (45%) with malignant
pleural mesothelioma had a confirmed response.’?
Based on these results, a randomized phase 11 trial
of cisplatin {75 mg/m?) plus pemetrexed (500 mg/
m?) every 3 weeks was compared to cisplatin
monotherapy. This trial {called EMPHACIS:
Evaluation of Mesothelioma in a Phase 111 Study
of Alimta with Cisplatin} has reached the zccrual
goal of 430, This trial, the largest phase 11 trial
ever conducted in malignant pleural mesotheli-
oma, is currently undergoing analysis,

Another phase 1 study has combined pem-
etrexed with carboplatin in malignant pleural me-
sothelioma. The maximum tolerated dose of pem-
etrexed was 500 mgfm? with a carboplatin area
under the curve {AUC) of 5.0, Among 29 enrolled
patients, nine {31%) achieved a partial response
and symptomatic improvement was documented
in 14 (48%). The median survival duration was
13.6 months.38 Binally, a phase I wial of single-
agent pemetrexed {500 mg/m?) has recently com-
pleted accrual of 62 patients. Nine responses
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{14.5%) were observed and the median survival
was 10.7 months.?®

Because of sporadic and unpredictable episodes
of neutropenia, diarrhea, stomatitis, and thrombo-
cytopenta seen in early pemetrexed trials, Niyikiza
et al analyzed toxicity as a function of baseline
homocysteine levels.®® They reasoned that the
toxicity could be related to low baseline folate
levels (a hypothesis which could be tested since
homocysteine levels, reflecting folate, were mea-
suted in most patients on the phase I trials).
Multivariate analysis found that high homocys-
teine levels (reflecting low folic acid levelsfintake)
and low albumin levels were most predictive of
toxicity ¥ By; and folate supplementation was
then added to subsequent pemetrexed tdals and
found 1o significantly reduce pemetrexed toxicity.#!

Ralitrexed{Oxaliplatin

TS catalyses the conversion of uracil mono-
phosphate to thymidylate and is the only source of
thymidylate for DNA replication. Several folate
analogs, including the first antifolate TS inhibitor,
CB3717, have been developed as TS inhibitors.#
The Cancer Research Campaign Center for Can-
cer Therapeutics modified CB3717, leading to
raltitrexed,#? Raltitrexed is now approved in Aus-
tralia, Canada, and Furope for the treatment of
metastatic calorectal cancer.®

From 1997 to 1999, the Institut Gustave Roussy
conducted a phase I wial of raltitrexed and oxali-
platin in advanced solid neoplasms.45 This study
was intended to develop an alternative to 5-FUJf
oxaliplatin in colorectal cancer, with 5-FU being
replaced by raltitrexed, a TS inhibitor given on a
once-every-3-week schedule. Patlents with orphan
neoplasms, including those with refractory me-
sothelioma, were enrolled into the study. After the
fist two patients with cisplatin-refractory me-
sothelioma obtained a partial tesponse and sig-
nificant clinical benefit, the trial was opened to
patients with chemonaive malignant pleural me-
sothelioma.!0 Overall, six of 17 {35%) patients
with mesothelioma achieved a partial response
(35%), including four cisplatin-pretreated pa-
tients, whereas four other patients had a short-
lived response that was not confirmed by a com-
puted tomography scan 4 weeks later. Responses
were reviewed by an independent radiologist. The
median survival duration was 13 months and 17
months since inclusion in the study and since

7%

diagnosis, respectively. This outpatient combina-
tion was well tolerated with no alopecia and no
significant hematologic toxicity.

Based on these encouraging rtesults, a large
phase 1] trial was initiated in France in malignant
mesothelioma, The schedule was the same as that
of the phase I welal: raltitrexed (3 mg/m?®) was
glven first as a 15-minute infusion and 45 minutes
later oxaliplatin (130 mg/m?) as a 2-hour infusion,
every 3 weeks in the outpatient clinic. Responses
were also reviewed by an independent radiologist.
Accrual to this study was completed in 1999 and
the raltitrexedfoxaliplatin regimen induced re-
sponses in 14 of 72 patients (response rate, 25%;
95% confidence interval [CI], 14% to 8%). Cur-
rently, the median survival from trial entry and
from diagnosis is 6.5 months (95% CI, 5.4 to 1.7)
and 12 months (95% CI, 10.1 to 15.3), respec-
tively.447 The final results, including an assess-
ment of clinical benefit, are expected soon.

The promising efficacy of the raltitrexedfoxali-
platin combination has prompted the Buropean
Organization for Research and Treatment of Can-
cer (EORTC) to initlate a phase 1l randomized
trial of cisplatin with or without raltitrexed. This
study s ongoing with an accrual goal of 240 pa-
tients to detect a 50% increase in the median
survival of patients treated with the combination
regimen.

CONCLUSION

Recent results using the raltitrexedfoxaliplatin
and pemetrexed/eisplatin or catboplatin regimens
as chemotherapy for malignant pleural mesotheli-
oma appeat promising. These two regimens have
in common the combination of a “third-genera-
tion” antifolate TS inhibitor and a platinum com-
pound. Hopefully, the results of the two phase II1
trials compating cisplatin alone versus cisplatin
plus either raltitrexed (the EORTC trial) or pem-
ctrexed (the EMPHACIS trial) will further define
the role of these combinations in malignant pleu-
ral mesothelioma.

The molecular/cellular basis for the consistent
activity of the antifolates in malignant pleural
mesothelioma is unknown. However, recently,
Bueno et al discovered that the human alpha
folate receptor was consistently overexpressed in
this disease, Using differential display analysis on
freshly frozen RNA obtained from 61 normal lung,
pleura, and mesothelioma specimens,*® they found
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that 44 (72%) of the mesothelioma patients had
between two- and fourfold higher mRNA expres-
sion of the folate receptor compared to normal
tissues. There was no correlatlon with histologic
subtype. This finding suggests that folate receptor
antagonist therapy in malignant pleural mesothe-
lioma could benefit the majority of these patients.
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