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Second-line (post-study) chemotherapy received by patients
treated in the phase III trial of pemetrexed plus cisplatin versus
cisplatin alone in malignant pleural mesothelioma
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Background: A phase IIE trial In patlents with maligannt pleural mesothelioma demonstrated
2 survival advantege for pemetrexed plus cisplatin compared with single-agent cisplatin, Because
post-study chemotherapy (PSC) may have influenced the outcotne of the trial, we examined its use
and associaiion will survival,

Patients and methots: Righty-four patlents from the pemetrexed plus elsplatin arm and 105 patients
frot the single-agent clsplatin ar recelved PSC. Kaplan-deler survival estimates were compared
by treatment groups, and by PSC and non-PSC subgroups.

Resultst The percentage of patlents recelving PSC was imbalanced between the treatment ams.
Fewer pemetroxed plus cisplatin treated patients received PSC (37.2% versus 47.3%), A mltiple
regression analysis perfonmed in this trial showed that PSC had & statisticnlly significant correlation
with prolonged survival (P <0,01}, adjusting for baseline prognostic factors and treatment interven-
tion, The adjusted hazard ratio for PSC over non-PSC subgroups was (156 (confidence interval
0.444-0.72),

Conclustons: PSC in malignant pleural mesothelioma was significantly associated with prolonged
survival, Tt is not known whether the reduced sk of death was associated with PSC or whether
patienis who had protenged survival tended to receive more PSC. The pemelrexed plus clsplatin
treatment group hnd a statistically significant survival advantage even though fewer palients from
that arm of the {rial received PSC. The potentially beneficial role of PSC should be assessed in

prospeetive trials,
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Inéroduction

Until the recont Food and Drg Administration approval of
pemetrexed (ALIMTA®; Bit Lilly sud Company, Indlanapofis,
IN, USA) plus cisplntin, there had not been any regulatory-
approved  first-line  treatment  for  malignant  plewal
niesothetioma (MPM), Over the past 20 years, & number of
chemotherapeutic agents have been studled in phase IL MPM
telals and have shown modest activity, Response rates (RR) of
10% (o 20% have been demonstrated by single agents such as
gemeltabine, raltitrexed and doxorublein, and For the combi-
nation of gemelitabine plos cisptatdn [1-7]), The usefulness of
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datn from past phase If studies has been limited by the small
nenber of patlents enrolled, varylng methods used (o evaluale
response and variable characteristics of patients entered (8],
Chemotherapy hns nol been commonly accepted as standard
freattient for MPM [9], untll recently, perhaps, when the
results of the largest (rial In patients with unveseclable MPM
were repotled {10}, This teial demonsirated that combination
chemotherapy (pemetresed plus cisplatin) was well tolerated
and survival (ime was significanily increased (median survival
time 12,1 versus 9.3 months; log-rank P =0.020; hazard ratio
0.77). Time fo disease progression was slgnifieantly longer in
the pemetrexed plus cisplatin arm (median time to progression
5.7 versus 3.9 months; log-rank P=0,001) as oppesed to the
clsplatin arm, and the resporise rales were significantly higher
(41.3% versus 16.7%; P<0.001). Pemelrexed plus cisplatin
treated patients also demonstrated improvement in pulmonary
function [11] and reporied Improvement in dyspnea and pain
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[12]. The addition of folic acki and vitamin B;p supplemen-
tation resulfed in a significant reduction in pemetrexed-related
toxicity, without adversely affecting survival time, Thus
pemeteered plus cisplatin is likely 1o be used widely as first-
line chemotherapy for MPM,

Patients who experience clinteal benefit from such first-line
chemollierapy are frequently stitl healthy when radiologleal
progression of MPM Is documented, and commonly inquire
about second-Hue therapy, Pew datn are available to guide the
oncologist in selecting sceond-line chemotherapy, beeause the
vast majority of MPM chemollierapy trials have inchuided only
chemotherapy-naive patients. However, several recent phase 11
frinks have evatualed the effectiveness of chemotherapy in pre-
viously treated patients, Giaccone et al. {13] examined the
efficacy and safety of ZD0473, a cisplalin analog, In the
second-Hane setting It MPM. This sludy substantiated the abil-
ity to accrue healthy patients to second-line chemotherapy
trinls, but no major responses were seen with this agent. A
slightly more promising second-line chemotherapy trial was
reported by Fizazl et al. {1}, Thelr study envolled both che-
notherapy-natve and previously trealed patients to receive
combination therapy of the thymidylate synthase Inhibitor, ral-
titrexed, and oxaliplatin, The study showed activity, accepia-
ble tolerability and an overall response rate of 20% for both
patient groups, Olher smaller studies have suggested benefit of
second-line chemotherapy as well. For example, Vogelzang
{14] observed s favorable response to cisplatin plus gemelia-
bine in two of three patients who failed prior trentment with
single-agent doxombicin,

The retrospective analysis presented In our trial was per-
formed to characterize patients with advanced MPM who
received post-study chemotherapy (PSC) treatment, the lype
of chemotherapy received and the polential impact fusther
treatment may Lave on survival ime. Since an unknown num-
ber of patients received additional therapy beyond second-line
chemotherapy, we use the term post-siudy chemotherapy in
this report rather than the term second-line chemotherapy.

Patients and methods

‘[hls retrospective pnalysls was conducted using data from patients with
MPM who had received PSC following participation in the phase HI study
of pemetraxed plus clsplatin versus shugle-ngent clsplatin. Data regarding
PSC waore caplured on the patent case report form. The Foltowing fnfor-
matlon was collected on all patlents reaching their ficst visit followlng ces-
satlon of study chentotherapy (.e. the Arst post-study visit); (i) whether or
not the patient recelved post-study therapy of any kind (yes or no); (i) if
the patient did receive post-study therapy, the start date of the specific
type of post-study therapy given; specifically, if It was PSC, theut the stacd
date of the first httervention of PSC provided; and (i) If the patient
received PSC, the brand or trade name(s) of the agent(s) provided,

On subsequent post-study visils, datn regarding PSC were collected
only if it was the first tlme the patlent recelved PSC. Investigators were
not Instaweted to collect data on PSC {f 1t was thied-line (or greater),

Inclusion criteria

All 448 randomlzed ond trealed patients of the phase TH trinl wero
Included In the curent analysls. Patients were classified into lwo groups,

PSC or no PSC. Patlents were assigned to the PSC group If they received
PSC elther as o slngle agent or as combination therapy.

Data cotleciion

Baseline demographics included age, gender, perforntance status, disease
stage, hlstology and geogenphic region (Table 13, The PSC agent adwitnls-
tered was recorded, but dose, schedule, ducation of therapy, response to
PSC and time to progression related to PSC were not recorded, since
these data were fiot a primary or secondary end polut of the study, Survl-
val time was recorded lrom randemization to death or date of Iast cortact,

Statlstical analysis

Bstimates of sunvlval were calcutated using Kaplan-MMeler methods, Cox
regression analysls was done to test any sssoclation belween receipt of
PSC and survival, Because patients were ot randomized o recelved PSC
or observations, it Is Impossible to conclude that recelpt of PSC is respon-
stole for any prefonged survival, er that patlents who had prolonged suevi-
val recelvedd more PSC.

Results
Patlients

Out of 448 possible patients, a total of [89 recelved PSC
(42%); 84 from the pemelrexed plus clsplatin arm (37.2%)
and 105 from the cisplatin arm (47.3%) (see Figure 1)

Tahle 1. Patient charactedstics for post-study chemotherapy patlents

Factor Folal aumber Patients with post-study
of patlents chemotheraples [n (50))

QGeogeaphy

North America L 53(58.2)

Westem Burope 226 89 (39.4)

Australla 32 4 (43.3)

Central/South America 3l 10 (32,3)

Enstern Eucops 30 4 (359}

Other 29 G310}
Kamofsky performance status

High ¢90, 100) 242 123 (50.8}

Low (70, 80) 206 66 (32.00
Stage®

Bady (<3} 98 41 {(41.8)

Lats (=3} 347 146 (42.1)
Histology

Hpithellal 306 138 (45.1)

Sarcomatold 43 16 (37.2)

Mixed 73 20 (399

Other 26 6 (23.1)
Gender

Male 365 {52 {41.6)

Pemsle 83 37 (44.6)

*Ineludes Tabwan, Turkey and India.
Yintenmtionn) Mesothelioma Interest Group staging melhod; twa patients’
stage unknown.
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Figure 1. ‘The pesventage of pattents receiving post-study chemolherapy
In the Wwo treatment arms: pemeirexed +-clsphatin and elsplatin

A similar percentage of male and female paticnis went on 1o
receive PSC. As would be predicted, patlents recelving PSC
weve more likely to have good prognostic factors af entry on
the randomized trial, Le. those with Inltially high Kamofsky
performance statns (90/100), and epithelial histologlenl sub-
fype. Median timo to progression after first-line therapy was
shinilar for Loth the PSC and ne PSC groups (4,7 and 4.6
montlis, rospeclively), Finalty, the medisn nge of patients
receiving PSC was 593 years (range 19.5-85.6), stightly
younger than the medinn nge of those entering the randomized
trial (63 years), The median time from completion of frst-line
treatment to inftiatlon of second-line therapy was 3.3 and 0.7
months (P=0.006) for pemetrexed plus cisplatin and for ¢is-
platin treated pallents, respectively. This interval was exam-
Ined according {0 response stalus al completion of first-line
weatment, For the pemetrexed plus olsplatin and cisplatin
arms, respectively, complete/pariial response patients had
median lime of 4.5 months (2=35) aud 3.8 menths {(n=15),
respectively, stable disease patients had median thne of 5.1
monils (=15} and 3.4 months {n=23), progressive disease
patfents had median time of 0.5 months (n=31} and 0.3
months (r=57). Approximately 60% of patlents from Morih
Amerlea and 40% from Western Europe went on to receive
PSC (see Table 1),
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Figure 2, Single-ngent reglmens recetved by patients i the two treatment
anus: pametrexed+clsplatin and clsplatin,
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Chemotlerapy

One hundred and eighteen of the 189 (629) PSC patients
wero ireated with single-agent therapy (48 from the peme-
troxed plus clsplatin aum and 70 from cisplatin arm), while 71
patlents (389%) recelved combination chemotherapy (36 from
ihe pemetrexed plus cisplatin arm and 35 from the cispkatin
arm) (Flgure 1), Gemcitabine was the most comienty admi-
nistered single agent (Pigure 2). The second most commonly
used agent in PSC was an anthracyeline, elther doxarubicis
(1=19) or epitubicin (#=4) (Table 2}, Gemeitablne plus cis-
phatin or gemeitabine plus a non-plattnwm agent were the most
commonly administered combination regimens, Ninety-two of
the 189 patienis (49%) received gemcitabine alone or in com-
bination {sce Table 2). Tt was a protocol violation for patients
randomized to the clsplatin arm fo receive subsequent
pemetrexed therapy.

Survival time

The Kaplan—Meler estimatos of survival by treaiment arm and
PSC subgroups are presented in PFigure 3. These analyses
reveal that, in genecal, patients receiving PSC had longer sur-
vival. However, within each subgroup of patients {with and
without PSC) patients on the pemetrexed plus eisplatin arm
liad tonger surviva! time then those on the cisplatin arm. For
patients receiving PSC, median survival time for pemelrexed
plus cisplatin was 15,3 months [confidence interval (CI) 3.3~
18,91 with 39.3% censoring, compared with 12.2 months (CI
9.9-14,2) and 31.4% censoring for the cisplatin arm. For
paltents not receiving PSC, median survival time for
pemetrexed plus cisplatin was 9.8 months (CI 8.1-11.7) with

Table 2. Summary of most conmion past-study chemetherapy

Perietraxedfeisplatin Cisplatin group
gronp (N=226) [ (%Y (n=222) [n (%)}
All second-line PSC 84 (37.2% 105 (473
Single-agent therapy
Gemellabine 17 (20.2%) 32 (30.5%
Yinorelbine 8(0.5) 5(4.8)
Doxorubleln 7 (8.3) 121
Qrher 9(10.7) §(7.6)
Epintblela 2(24) 2(1.9)
Platinum agents 3{6.0) 1 {10.5)
Combinatlon therapy
Gemcitabine/platinum 16 (19.0) 17(16.2)
agents
Oher gemeltabline 8(9.5) 2(1.9)
combinations
Pemetroxed/yinorelbing® 0 31(2.9)
Other 12 (14.3) 13(124)

*Percentages calculated from total freatment arm sample sizes.
®percentages calculnted from number of patients recelving PSC.

“Recelpt of pemietrexed by patients randomized to the cisplatin group was
4 protocol violation.



926

Sunvival by trealmen) am pius o0 minus

posl-study chemetheropy
1,00 4 . s PLVCISHO PSC (Hn 142)
‘ SN wesens CisNaPSG R =117)
075 " o Pervds PG H=3)
5 o YN e Cis PSC (=105}
§ 0.50 .
Fe . e, b
§ 0.25 4 ’ H
MR L
0.!'.’0"l ¥ T 1 ¥ '
o [3 10 16 20 2% 2

Bundval ¥me {months)

Figure 3, Kaplan—Meier cstimates of survival tines for four different
palient categories in second-line study. Pesy, pemeteexed; Cis, chsplating
PSC, post-study chemotherapy,

33.8% censoring, compared with 6.8 months (CI 6.3--8,7) and
25.6% censoring for the cisplatin arm. Multiple regression
annlysis showed that PSC was slatistically significantly corce-
fated with extended survival (P<0.001), adjusting for prognos-
tic factors and treafment group. The adjusied hazard ratie for
PSC over the non-PSC subgroup was 0.56 (CI 0.44-0.72).
These results tudicate that, adjusting for tmbalances in base-
line prognostic factors, pailents receiving PSC had a lower
risk of death as compared with the non-PSC group. This aua-
lysis cannot esiablish that the lower risk of death was & rosult
of PSC activity, but does quantify (he assoclation between
survival and the decision o receive PSC.

Discussion

This aualysis demonsteated that PSC was commonly unsed n
(he randomized wrial of pemeirexed plus cisplatin versus ols-
platisn in MPM palicnts. Approximately 42% of all patients
received some form of PSC, However, the use of PSC was
more prevalent in the USA (58%) than in non-US counlries
(39%). More than half of the patients receiving PSC {50.3%)
had a high Kamofsky performance status (30-100) af the time
of randomization to elther arm of this trial, Epithetial
histology was the most provalent subtype of MPM for patients
recelving PSC, Multiple regression anabysls showed that,
adjusting for these Imbalanees, the PSC subgroup stitl had &
siarkedly fonger survival time than the non-PSC subgroup.
However, this analysis conaot definifively establish that
oxtended survival was dute (o the activily of any PSC, In fact,
some chinically recognized combination of factors such as
good performmice status, epithelial histology, emly stage dis-
ease and slightly younger age may have encouraged patients
and physicians to pursue PSC, thereby explaining this finding,

An alternative explanation is that the chemotherapy agents
used in PSC may have afteret the natural history of MPM.
Gemcltabine, as a single agent and in combinatlon, was the
most commonly used agent In PSC, Single-agent gemcltabine
has had a variable rate of activily reported In the treatment of
MPM (0% to 319) [15). Tt is not known {o be cross-resistant
with pemetrexed and gemcitabine/cisplathy 1s an aclive

combluntion tn MPM in the first-line setling, producing objec-
live response rates of 209 to 30%, and symplomatic reticf in
patients who have stable or responding disease {16, 171.

Kaplan—Meter estlmates of survival showed that PSC is
associated with slgnificantly prolonged survival (Figore 3}
Intereslingly, in our study, in spite of ithe farger nomber of
patients in the cisplatin arm receiving PSC, the pometrexed
plus cisplatin arat experienced a significantly Tonger survival
fime (log-vank P=0,02). Moreover, the longer median time
from completion of first-line therapy fo the start of sccond-
line therapy observed n the pemetrexed plus cisplatin treated
patients exemplifies the effectiveness of the pemetrexed plus
cisplatin  combination, Becouse receipt of PSC was not
randomized, it is Impossible (o conclude that receipt of PSC
was responsible for any prolonged survival, Patients who had
prolonged suevival may simply havo received more PSC,

The observed differences In median tire from completion
of first-line therapy io the initintion of second-line therapy
stggest that a randomized wrial in the sceond-line selting may
need 1o be stralified by this Interval. The interval may be prog-
nostic Tor benefit and  randomized second-line trial is needed
1o make this defermination,

A literature survoy recently identified 16 published phase I
mesathelioma chemotherapy trials that included second-line
patient populatons {18). Remackably, only one was a dedi-
cated phase T tefal (131, In spite of that deficiency, pariial
responses to a variety of agents and combinations were
observed In 5% to 10% of patlents In many of these studies.
Farthermore, sccording Lo this survey, (he nuvber of patients
demonsirating benefit in the second-line setting seems to be
steadily Increasing, This survey, and our phase TIU study,
suggest that chemothernpy drug sensitivity and potentially
non-cfoss resistance among chemotherapy drugs exists in
MPM as It does In other diseases, and could be explored for
patient benefit,

Qur findings, I conjunction with the previously mentioned
studies in the sccond-line setting, supgest the feasibility of
conducling second-line phase IT chemotherapy trials perhaps
with gemcliabine as a single agent, or in combiuation, afier
pemelrexed/eisplatin therapy. However, cumulative cisplatin
neuro- and ofotoxicily Hmit the enthusiasm for o cisplatin
combination approach. Alternatively, cacboplatin could be
combined wilh gemeitabine, as it shows lesser neuro- and olo-
toxlsity [19-21). The oxaliplatin/gemcitabine combination is
also an attractive candidate for further sludy owing to favor-
able wmor responses for exaliplatin in clsplatin-preireated
pattents [17 and because this combination has activity In MPM
[22]. Fizazi et al’'s data (1] suggest a lack of reslslance or
non-cross-resistance with oxaliplatin plus raltitrexed in cispla-
{in-pretreated MPM patients,

Recently, Van Meerbeeck et al. [23] presented the resulls of
. 250-patient randomized study of clsplatin with or withowt ral-
tittexed as fiest-line treatment of MPM. Treatment with
altitrexed and cisplatin produced superior response rate
and survival time compared wilh <isplatin, and was well toler-
ated, These resufts further demonstrate the willity of anti-folates




1 MPM, It will be inleresting to know how many patients from
(s trial recetved PSC, the patient characterdstics agents used
nnd the fmpact PSC may have had on the survival results.

A number of questions should be addressed prior to initiat-
ing phase T and particularly phase IIT frials for seeond-line
chemotherapy in MPM, For instance, assignment of risk/prog-
nostle groups, prior response durafion, optimal duration of
treatment and consequences of long-term therapy for patients,
To determing the extent of benefit from PSC, or from non-
cylotoxic treatment, randomized controlted trinls would need
to be performed against the current standnrd, namely best sup-
poitive care, As demonstraied in vandomized trinls of second-
iine therapy in non-small-cell lung cancer, the Interval from
completion of fiesi-line therapy to the beginning of second-
ling therapy s prognostie for survival, In our trial, the high
variability in time from completion of fist-line therapy to the
initintion of second-tine therapy suggests that & second-line
MPM {rial may need 1o be stratificd by (his interval,

This retrospective analysis of patients receiving PSC from
our phase I trlal of pemeirexed plus cisplatin in MPM
suggesls that PSC has a posilive impact on survival. In view
of this observation, the role of PSC should be prospeciively
assessed.
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