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ABSTRACT

Purpose: To evaluate the efficacy, safety, and clinical
benefit of combined gemcitabine and carboplatin in patients
with previously untreated malignant pleural mesothelioma
(MPM).

Patients and Methods: This prospective phase |1
study was performed on 42 eligible patients with histo-
logically or cytologically proven MPM presenting to Ain
Shams University hospitals and Sohag Cancer Center
between January 2002 and April 2006. They were as-
signed to receive combined gemcitabine (1250mg/m2)
on days, 1 and 8 and carboplatin (AUC 6) onday 1. The
regimen was repeated every 21 days. The treatment
continued until disease progression or intolerable drug
toxicity.

Results: The patients received a total of 227 cycles
of chemotherapy (median 5.4 cycles and range from 2
to 9 cycles). The chemotherapy was generally well toler-
ated. Neutropenia, thrombocytopenia and anemia were
the most severe (Grade 3 or 4) toxicities recorded during
therapy and were reported in (14%), (9.5%), and (9.5%),
respectively. Twelve patients (29%) achieved partial
response, 18 patients (42%) had stable disease and the
disease progressed in the remaining 12 patients (29%).
The median follow-up duration was 11 months (range 5
from 20 months). The overall survival (OS) and progres-
sion free survival (PFS) at one year was 44.5% and
33.2%, respectively. The median survival and time to
disease progression were 11 months and 8.5 months
respectively. Of 32 patients assessed for clinical benefit,
20 patients (62.5%) were considered clinical benefit
responders.

Conclusion: The combination of gemcitabine and
carboplatin is asafe and tolerable treatment with reasonable
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response rate, OS, and PFS compared with the historical
phase 1 single agents and combined chemotherapy studies
in patients with MPM.
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INTRODUCTION

In Egypt, malignant pleural mesothelioma
(MPM) is uncommon but increasing in inci-
dence, particularly in regions where occupation-
al exposure to asbestos has been prominent [1].
MPM is alocally invasive and rapidly fatal
malignancy causing death by progressive respi-
ratory failure. At diagnosis, the majority of
patients are surgically unresectable. In addition
many patients suffer from increasingly severe
pain, dyspnea, anorexia, weight loss and weak-
ness as the disease progresses [2].

Currently, thereis no gold-standard treatment
regimen for MPM. A small proportion of patients
(1-5%) are suitable for surgical management.
Evaluation of systemic chemotherapy in MPM
has been challenging. Anthracyclins (doxorubi-
cin), antimetabolites (high dose methotrexate),
and platinums are the most extensively studied
individual agents with response rates of 15%,
37% and 16%, respectively [3]. Regimens in-
volving combinations of agents have been sim-
ilarly disappointing and have shown no clear
advantage over single agent therapy. Berghmans
et al., [4] published a systematic review of the
literature with meta-analysis and suggested that
the most active chemotherapeutic regimen, in
term of antitumoral responserate, isthe cisplatin
combinations.
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Gemcitabine, a pyrimidine antimetabolite,
was evaluated as a single agent in patients with
MPM in three phase |1 trials with response rates
of 0%, 7% and 31%, respectively [5-7]. Although
gemcitabine may have alimited role asasingle
agent, its response rates were improved when
it was combined with cisplatin but, unfortunate-
ly, the combination was associated with 30%
grade 3/4 toxicity profile [8]. Carboplatin is an
analogue of cisplatin, which has been devel oped
and studied because of its favorable toxicity
profile. It has been studied in patients with
MPM with modest response rates of 5% to 16%
[9-11]. This finding coupled with the improved
toxicity profile and ease of administration com-
pared to cisplatin makes carboplatin an inter-
esting choice to be combined with gemcitabine
in patients with MPM aiming to evaluate overall
survival (OS) as the primary end point of the
study and progression free survival (PFS), re-
sponse rate, toxicity profile, and clinical benefit
as the secondary end point of the study.

PATIENTSAND METHODS

This prospective phase Il study was per-
formed on 42 patients with histologically or
cytologically proven MPM presenting to Ain
Shams University hospitals and Sohag Cancer
Center between January 2002 and Apirl 2006.
Before entry into the study, all patients under-
went a full history and physical examination.
Complete blood count with differential, kidney
function (creatinine) and liver functions (biliru-
bin, transaminases and alkaline phosphatase)
were assessed. Chest X-ray and computed to-
mographic (CT) scans of the chest and abdomen
were performed as baseline investigations in
all patients. Additional imaging investigations
were performed if clinically indicated. The
eligibility criteria included: (a) performance
status of 250 on Karnofsky scale [12] (b) no
prior chemotherapy or radiotherapy, () adequate
bone marrow (leucocyte count 24000/uL, abso-
lute neutrophil count (ANC) =1500/uL, platelets
>100,000/uL and hemoglobin =10g/dl), (d)
adequate kidney function (creatinine <1.5mg/
dL) (e) adequate liver functions (bilirubin
<2mg/dL, and transaminases levels < three
times the upper normal limit [five times for
patients with liver metastasis|. Patients were
staged according to the International Mesothe-
lioma Interest Group (IMIG) [13].

Treatment plan:

The chemotherapy regimen consisted of
gemcitabine and carboplatin and was repeated
every 21 days. The treatment continued until
there was clinical or radiological evidence of
disease progression or intolerable drug toxicity.
The dose of gemcitabine was 1250mg/m?2 on
day 1 and 8. The drug was diluted in 200ml
normal saline and administered intravenously
over 30 minutes. Carboplatin was administered
on day 1 after gemcitabine as a 30-minute in-
travenous infusion in 500ml of normal saline.
The carboplatin dose was cal culated according
to the Calvert formula with an area under the
plasma concentration curve (AUC) of 6mg/ml.
min X (glomerular filtration rate + 25) using a
calculated glomerular filtration rate from the
Cockroft Gault formula. Each chemotherapy
cycle could only start if the ANC and platel et
counts on the day of treatment were >1500/uL
and =100,000/uL, respectively. Treatment was
delayed until thislevel was achieved and if the
delay was longer than 2 weeks, the patient was
taken off the treatment.

Follow-up studies:

Complete blood count with differential,
creatinine level, liver functions and chest X-
ray were performed every 3 weeks before each
cycle of chemotherapy. A thoracic CT scan was
repeated every 3 cycles of chemotherapy to
assess tumor response. After that, CT thorax
was repeated every 3 months for the first year
and then every 6 months. Additional laboratory
or imaging investigations were performed if
clinically indicated.

Toxicity:

All signs, symptoms or laboratory abnormal-
ities were assessed using the WHO criteriafor
toxicities [14]. Change in the disease was as-
sessed by measuring the thickness of up to three
involved areas of pleural rind at each of three
separate levels at least 2cm apart on CT scan,
at least one measurement was >1.5cm.

Assessment of the response:

Tumor response was evaluated according to
the Modified RECIST (Response Evaluation
Criteria In Solid Tumors) [15]. For unidimen-
sional lesions, the thickness of the tumor (pleu-
ral rind) perpendicular to the chest wall or
medi astinum was measured in two positions at
three separate levels on transverse cuts of the
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CT scan. Transverse cuts should be at least 1cm
apart and related to anatomical landmarks in
the thorax. Complete Response (CR) was de-
fined as disappearance of all known disease.
Partial Response (PR) was defined as a >50%
decrease in the sum of the products of perpen-
dicular diameters of bidimensionally lesions or
>30% decrease in the sum of linear tumor mea-
surements for unidimensional lesions. Progres-
sive disease (PD) means a >25% increase in
the size of the tumor for bidimensional lesions
or >20% increase in the sum of linear tumor
measurements for unidimensional lesions or the
appearance of new lesions. Patients with stable
disease (SD) were those who fulfilled the criteria
for neither CR, PR nor PD. All tumor measure-
ments should be on two observations not less
than 4 weeks apart.

Statistics:

The Kaplan-Meier method was used for the
calculation of the OS and the PFS. Survival
was estimated from the date of first treatment
to death or last follow-up visit. Time to tumor
progression was estimated from the date of first
treatment to first evidence of disease progres-
sion. Fisher exact test was used to compare

Table (1): Classification for clinical benefit measures [16].
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independent proportions. p value <0.05 was
considered statistically significant.

Clinical benefit:

Clinical benefit assessment is based on mea-
surement of three common debilitating signs
or symptoms present in most patients with
advanced malignancies, including pain (assessed
by pain intensity and analgesic consumption),
functional impairment (assessed by Karnofsky
performance status), and weight loss (Table 1)
[16]. The pain intensity score ranged from O
(least possible pain) to 100 (worst possible pain)
on the visual analogue scale [17]. Pain and
functional impairment were considered primary
measure. Weight change was considered a sec-
ondary measure. A patient was considered as-
sessable for clinical benefit if, before entry onto
the study, he or she presented any of the follow-
ing: A pain score of more than 20 on the Me-
morial Pain Assessment Card visual analog
scale, consumption of more than 10 morphine-
equivalent milligrams of analgesia/day, perfor-
mance status of 70% or lower on Karnofsky
scale, and weight loss of more than 10% in the
previous 6 months. The patient was assessed
for clinical benefit at each visit during chemo-
therapy and then during follow-up.

Primary measures:
A- Pain:

Pain intensity

Positive

Negative

Stable

Analgesic consumption
Positive

Negative

Stable

B- Karnofsky performance status:

Positive
Negative
Stable

Secondary measures:
Weight:

Positive
Negative

Measured on the MPAC* 0-100 visual analogue scale

A more than 50% improvement from baseline for 4 weeks or longer
Any worsening from baseline sustained for at |east 4 weeks.

Any other result

Measured in morphine-equivalent milligrams

A decrease of >50% from baseline sustained for 4 weeks or longer.
Any worsening from baseline sustained for at least 4 weeks.

Any other result

An improvement of >20 points from baseline, sustained for >4 weeks
Any worsening of >20 points from baseline, sustained for >4 weeks
Any other result

A weight gain of >7% from baseline, sustained for >4 weeks
Any other result

* MPAC = Memorial Pain Assessment Card Visual Analog scale.
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A patient was considered to be a clinical
benefit non-responder by the primary measures
of response if either pain or Karnofsky perfor-
mance scale (KPS) was classified negative. If
either the pain or performance status measures
were positive, a patient was identified as a
clinical benefit responder. If pain and perfor-
mance status were both stable, the patient was
considered a clinical benefit responder if he
experienced a positive change in weight. A
patient was categorized as clinical benefit non-
responder if he was stable on the primary mea-
sures and did not experience a non positive
change in weight. For a patient to be considered
as a clinical benefit responder, at least one
component of clinical benefit response must
have been positive with none of the other com-
ponents being negative.

RESULTS

The characteristics of the 42 treated patients
are detailed in Table (2). The median age was
49.2 years, and 31 were males. The most com-
mon presenting symptoms and signs were chest
pain (32 patients), dyspnea (24 patients), and
weight loss >10% (11 patients). Thirty patients
had performance status of 50-70 on Karnofsky
scale. Twenty-five patients had a history of
asbestos exposure. Pathologically, 14 patients
(33%) had epithelial mesothelioma, 8 (19%)
had sarcomatous type, and 13 (31%) had mixed
type. The diagnosis was confirmed through
cytological examination of the pleural fluid in
7 patients (29%). Thirty three patients were
classified as stage I1-111 and 9 patients had stage
IV tumors. The patients received atotal of 227
cycles of chemotherapy (median 5.4 cycles and
range from 2 to 9 cycles).

Toxicity:

The chemotherapy was generally well toler-
ated throughout the study. Specific treatment-
related toxicities are detailed in Table (3). A
total of 11 patients (26%) experienced at least
one severe (grade 3 or 4) toxicity. The major
toxicity observed was hematologic. WHO grade
3 and 4 neurtropenia was recorded in 14% of
patients who required medical treatment with
broad spectrum antibiotics and granulocyte
colony stimulating factors; one of these patients
died from septicemic shock. Grade 3 and 4
thrombocytopenia was reported in 9.5% of
patients. Grade 3 anemias that required hospital
admission and repeated packed red blood cell

transfusion was reported in 9.5% of patients;
one of the patients who had grade 4 anemia
developed anemic heart failure. All the patients
developed mild degree non-haematological
toxicity in the form of grade 1 or 2 nausea and
vomiting, but only 3 patients (7%) developed
WHO grade 3 nausea and vomiting and one
patient (2.5%) developed grade 3 diarrhea that
necessitated treatment interruption, hospital
admission and intravenous fluids. In 6 instances,
chemotherapy was stopped after two cycles due
to intolerable toxicity (3 patients) or disease
progression (3 patients).

Table (2): Patient characteristics.

Parameters No. of patients

(n=42)

Age (years):

Median + SD 49.2+19

Range (30-68)
Sex (M/F) 31/11
Symptoms and Signs:

Pain 32 (76%)

Dyspnea 24 (57%)

Weight loss (>10%) 11 (26%)
Karnofsky performance status:

50-70 30 (71%)

80-90 12 (29%)
History of asbestos exposure 25 (60%)
Pathology:

Epithelial 14 (33%)

Sarcomatous 8 (19%)

Mixed 13 (31%)

Malignant mesothelial cells (cytology) 7 (17%)

IMIG Staging system:
[-111 33 (79%)
v 9 (21%)

Table (3): Maximum toxicity profile according to WHO
criteriafor toxicity [14].

Toxicity Grade3  Grade4 Total
Neutropenia 5 1 6 (14%)
Thrompocytopenia 3 1 4(9.5%
Anaemia 4 - 4 (9.5%)
Nausea/Vomiting 3 - 3 (7%)
Diarrhea 1 - 1 (2.5%)
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Response:

Twelve patients (29%) achieved partial re-
sponse (PR) (Figs. 1,2). Eighteen patients (42%)
had a stable disease (SD) and the disease pro-
gressed (PD) in the remaining 12 patients (29%).
Three of the progressed patients received second
line chemotherapy (high dose methotrexate),
the remaining patients were maintained under
the best supportive care.

Survival and progression-free survival:

The median follow-up duration was 11
months (range 5-20 months). The OS at one
year was 44.5% [95% Cl is 29.3 to 59.7%)] and
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the 1-year PFS was 33.2% [95% CI 18.9-47.5]
(Fig. 3A,B). The median survival and the me-
dian time to disease progression were 11 months
and 8.5 months, respectively. The main cause
of death was progressive respiratory failure.

Table (4) shows the correlation between PR,
1 year OS and median survival with different
prognostic factors, sex, performance status,
pathology subtype, and IMIG (International
M esothelioma Interest Group) staging system.
Only good performance status (80-90) and non
metastatic disease had significantly better re-
sults.

Table (4): Partial response, 1-year overall survival, and median survival in relation to different prognostic factors.

Prognostic criteria No PR p-value 1 year-surviva % Median survival p-value
Sex:

Male 31 9 (29%) 53.0 14.0

Female 11 3 (27%) 0.912 41.9 11.0 0.9
Performance status:

80-90 12 8 (75%) 82.5 20.0

50-70 30 4 (13%) <0.001 30.0 11.0 0.001
Pathology subtype:

Epithelial 14 6 (43%) 50.0 12,5

Sarcomatous 8 2 (25%) 51.9 16.0

Mixed 13 4 (31%) 50.0 12,5

Cytology 7 0 0.253 14.3 10.0 0.3

Fig. (1-A): Transverse cut of CT chest of a mesothelioma
patient.

Fig. (1-B): Transverse cut of CT chest of the same patient
with partial response.
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Fig. (2-A): Transverse cut of CT chest of a me-
sothelioma patient.
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Fig. (3-A): Oneyear overall survival.

Clinical benefit:

Thirty two patients (76%) had one or more
of the eligible criteria for clinical benefit as-
sessment while 10 patients did not fulfill these
criteria. Fifteen patients (36%) had pain at entry
(abaseline pain intensity score greater than 20
points or required more than 10mg/day mor-
phine equivalent for control of the pain). A
Karnofsky performance status of 50-70% was
recorded in 30 patients (71%) while weight loss
of more than 10% was recorded in 11 patients
(26%). Twenty patients were considered as

Fig. (2-B): Transverse cut of CT chest of the same patient with

partial response.
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Fig. (3-B): One year progression-free survival.

clinical benefit responders by the primary mea-
sures (pain and functional assessment), 8 pa-
tients were considered clinical benefit non-
responders because of negative impact on pain
and/or functional impairment. The remaining
4 patients were stable by the primary measures
criteria. Unfortunately, none of these 4 patients
gained >7% of their baseline weight to be con-
sidered as clinical benefit responders by sec-
ondary measure. This means that twenty patients
(62.5%) out of 32 eligible patients were consid-
ered clinical benefit responders by primary and
secondary measures.
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DISCUSSION

A major finding of the current study was an
achievement of PR rate of 29% and SD rate of
42% with an overall survival at one year of
44.5% and a median survival of 11 months and
manageabl e toxicity. Aversa et al ., [18] treated
20 MPM patients with gemcitabine at 1000mg/
m2 on days 1, 8, & 15 and carboplatin (AUC=5)
on day 1 every 28 days for a median of 4.5
cycles. In 18 assessable subjects, a response
rate of 16% and amedian surviva of 8.6 months
were achieved. The discrepancy in the results
between the present study and Aversa et al.,
study may possibly result from the different
treatment intensity (4 week schedule in Aversa
et al., study Vs. 3 week schedule in the present
study). Recently, Rea et al. [19] treated MPM
patients with induction chemotherapy, gemcit-
abine and carboplatin for 3-4 cycles before
surgery. They reported, according to modified
RECIST criteria, a PR rate of 33% and an SD
rate of 66%.

Combination therapy with cisplatin is the
mainstay therapy for MPM [4,11]. An Australian
study group, evaluated the doublet gemcitabine
(1000mg/m2 days 1, 8 and 15) cisplatin (100mg/
m2 on day1) every 28 days in 53 patients with
MPM in a multicenter study [20]. A response
rate of 33% was achieved and the median sur-
vival time was 11.2 months. van Haarst et al.
[21] performed another multicenter study to
evaluate the doublet, gemcitabine (1250mg/m2
days 1 and 8) and cisplatin (80mg/mZ2 on day
1) every 21 daysin 25 patients with MPM, a
PR rate of only 16% was achieved and the
median survival time was 9.6 months. Metintas
et al. [22] compared different cisplatin based
chemotherapy versus best supportive care for
161 patients with diffuse MPM. There was a
significantly better survival and response rates
with chemotherapy. The median survival with
chemotherapy was 11.3 months, objective re-
sponse was 26% and SD was reported in 36%
of patients. van Meerbeeck et al., [23] treated
250 patients with cisplatin with and without
raltitrexed. The median survival and response
rate for cisplatin arm were 8.8 months and
13.6% compared to 11.4 months and 23.6% for
cisplatin/ralititrexed arm.

Analysis of different prognostic factors for
tumor response, and survival showed that good
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performance status (Karnofsky 80-90), and non
metastatic, stage Il and |11 patients had signif-
icantly better response and median survival
compared with their counterparts. Thisisin
agreement with several reportsin the literature
[21,22,24].

A total of 11 patients (26%) experienced at
least one severe (grade 3 or 4) toxicity. The
toxicity was mainly hematologic. WHO grade
3 and/or 4 neutropenia, anemia and thrombocy-
topenia, were recorded in 14%, 9.5% and 9.5%,
respectively. WHO grade 3 nausea and vomiting
were experienced in 7% only of the patients.
The overall toxicity seemed to be tolerable and
comparable to that reported by Aversa et al.,
trial [18]. In the Rea et al. trial, hematological
toxicity was reported in 38% of patients treated
with 3-4 cycles of gemcitabine and carboplatin
before surgery [19]. In addition, the toxicity was
better than that reported with other two-drug
chemotherapeutic regimens especially gemcit-
abine/cisplatin combination. The Australian
group trial, reported grade 3 neutropenia in
38%, grade 3 and 4 thrombocytopeniain 33%,
and grade 3 nausea and vomiting in 33% of
patients limiting the mean rel ative dose intensity
of gemcitabine and cisplatin to 75% and the
total number of chemotherapy cyclesto 6 cycles
[20]. In thevan Haarst et al., trial of gemcitabine
and cisplatin, severe toxicity (= grade 3) was
recorded in 20% of patients [21].

Pemetrexed, an antifolate drug that used
alone or in combination with platinum com-
pounds, is the only chemotherapy that is cur-
rently licensed in Europe and USA for malignant
pleural mesothelioma. Phase | studies had pre-
viously shown 32% response rate for patients
treated at varying doses and combinations of
pemetrexed [25,26]. Phase || studiesinvestigating
the use of pemetrexed in combination with
gemcitabine, cisplatin, carboplatin and vinorl-
binein fully vitamin B12 and folic acid supple-
mented patients reported PR rates that ranged
from 21% to 33% and overall survival that
ranged from 10.7 to 14.8 months. Vogel zang et
al. [26] performed aphase 11 trial, and included
more than 400 patients, comparing cisplatin
alone or in combination with pemetrexed; the
response rate was 16.7% in the cisplatin arm
versus 41.3% in the combined arm. The median
survival and time to progression were 9.3 and
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3.9 months, respectively in the cisplatin arm
versus 12 and 5.7 months, respectively in the
pemetrexed/cisplatin arm. However, pemetrexed
was complicated with statistically significant
severe G3/4 toxicity even after supplementation
with folic acid and vitamin B12. They reported
grade 3/4 neutropenia of 23%, and nausea and
vomiting of 22%.

Recently, a trimodality therapy consisting
of induction platinum-based chemotherapy for
3-4 cycles followed by extrapleural pneu-
monectomy (EPP) and postoperativeirradiation
was evaluated by several investigators. How-
ever the surgery was associated with high
morbidity and mortality rate that reached 35%
and 2.5% respectively [19,31]. These results
need more confirmation with controlled ran-
domized trials.

A distinctive feature of MPM is the high
incidence of significant tumor-related symp-
toms. So, the reason for the current scrutiny of
chemotherapy over best supportive care only
for patients with advanced disease isits potential
rolein the relief of tumor-associated symptoms
and improvement of quality of life (QOL). The
tool we utilized included three important mea-
sures; pain, performance status that reflect the
functional impairment and weight loss. This
was applied to other advanced malignancies.
It may be criticized as it does not include dys-
pnea assessment which was one of most impor-
tant significant MPM related symptoms. How-
ever, we thought the improvement of dyspnea
in these patients must be reflected on their
functional status. In the present study, 20 of 32
patients eligible for assessment of QOL (62.5%)
were considered clinical benefit responders, i.e
they achieved better QOL. The data on health
related QOL of MPM patients is relatively
sparse using different scales for QOL assess-
ment but unfortunately suffering from poor
compliance [26,32-34]. In the Vogelzang et al.,
trial [26] of cisplatin with and without pemetr-
exed, the patient's QOL was assessed using a
modified lung cancer measure and revealed
that the initial three cycles of chemotherapy
led to areduction in global QOL and stabilized
at subsequent assessments. Bottomley et al.,
[34] reported the results of an international ran-
domized European Organization for Research
and Treatment of Cancer (EORTC) phase |11

study of cisplatin with or without raltitrexed in
250 patients with MPM. The QOL in thistrial
was assessed with EORTC-QOL questionnaire
tools. Although patients in the cisplatin/ralti-
trexed arm had significant clinically meaningful
improvements of dyspnea during treatment and
although both groups had impairment of global
QOL when compared to a normative population,
the levels of QOL items, like pain control,
although not deteriorated, but remained stable
over the treatment time.

Conclusion: The combination of gemcitabine
and carboplatin is a safe and tol erable treatment
with reasonable response rate, OS and PFS
compared with the historical phase Il single
agents and combined chemotherapy studiesin
patients with MPM.
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