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ABSTRACT

Purpose: This study was planned to evaluate the ob-
jective response rate of Interferon o-2a in combination
with cisplatin in treatment of newly diagnosed patients of
diffuse malignant pleural mesothelioma.

Patients and methods: Twenty-six patients with dif-
fuse malignant pleural mesothelioma were treated by im-
munotherapy with interferon (IFN) in combination with
chemotherapy (cisplatin). Cisplatin was given at a dose of
60 mg/m2, day 2 and IFN «-2a (6MU/d, days 1-4) in a
protocol of 4 weeks on and 4 weeks off followed by 3
weeks on and 3 weeks off. In responders, IFN as mainte-
nance was continued for a further of 6 months. Six patients
were stage II, seventeen stagelll and three stage IV accord-
ing to the International Union Against Cancer staging sys-
tem.

Results: Nine patients (34.6%) achieved an objective
partial response; thirteen (50%) had stationary disease and
the disease progressed in four (14.4%). All patients were
assessed for toxicity. Hematological toxicity was the most
common, but was manageable followed by grade 1 renal
toxicity.

Conclusion: The combination of interferon o-2a and
cisplatin is still not the standard treatment of malignant
pleural mesothelioma. Furthur studies should be carried on
to reach better response rates against this aggressive tumor
that has an increasing incidence.
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INTRODUCTION

Malignant mesothelioma is an aggressive tu-
mor arising from serous surfaces. Diffuse ma-
lignant pleural mesothelioma (DMPM) is local-
ly aggressive, invasive and almost invariably
fatal [28]. The major unprotected asbestos use
from 1940s through 1960s lead to increased in-
cidence of DMPH [15]. The incidence of this ag-
gressive tumor is still increasing. In most re-
ports, the median survival time for patients with
this disease is not >1 year [27].
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In Egypt at the department of Radiation On-
cology & Nuclear Medicine Ain Shams Univer-
sity, the frequency of malignant mesothelioma
is increasing. In 1996, it was 1.45% of total
number of cases at the department & it in-
creased to reach 3% in 2000 [10].

The treatment of DMPM is currently less
than satisfactory [11].

Standard anticancer drugs have low re-
sponse rates. To date, no regimen has been sug-
gested as a standard therapy for DMPM [22].
Therefore, the role of chemotherapy in the man-
agement of DMPM continues to be a subject of
investigation [22].

Immunotherapy with interferon (IFN) is a
systemic approach to the treatment of DMPM.
The anti proliferative activity of IFN has been
used in some human tumors such as hairy cell
leukemia, lymphoma and renal cell carcinoma
[18]. Also, IFN augments surface HLA antigen
expression in malignant mesothelioma cell
lines. Moreover, interferons were shown to be
active on those mesothelioma cell lines in
which anti-neoplastic drugs were ineffective
[23]. Marked increase in activity of various
chemotherapeutic agents by IFN was demon-
strated in human malignant mesothelioma xeno-
grafts in mice or in mesothelioma cell lines [23].

In 1996, Soulie et al. [26] showed 40% re-
sponse rate with CDDP (60 mg/m?2) and IFN o
2a (3MUx4) in combination therapy for ad-
vanced diffuse malignant mesothelioma. As
IFN action is dose dependent, so a higher dose
of IFN in combination with same dose of
CDDP as that studied by Soulie et al. was used
in this study.
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PATIENTS AND METHODS

Patients:

Twenty-six patients with histologically prov-
en DMPM were enrolled in this study from De-
cember 1999 to April 2002. The characteristics
of evaluable patients are shown in table (1).

The eligibility criteria for all study cases
were as follows: (1) Age younger than 75 years
old (2) Performance status <2 as defined by the
Eastern Cooperative Oncology Group (ECOG);

Patients classified as stage I malignant pleu-
ral mesothelioma and those with life expectan-
cy of less than 3 months were excluded.

After the histopathologic diagnosis was
made, all patients were classified according to
the International Union Against Cancer staging
system.

Table (1): Characteristics of patients with histologically
proven DMPM.

Characteristics No. of patients

(3) A normal bone marrow function as defined Mean age, yr (range) 55.4 (26-75)

by a total leucocyte count >3500/mm3, a hemo- Gender: Male 12

globin concentration > 10g/dL,neutrophil count Female 14

>1500/mm3 and a platelet count >100000/mm3, Stage, N 011 of patients (%): 63

(4) Normal renal function as defined by a creati- I 17( ® 5))

nine clearance > 60 ml./min. and a normal he- v 3 (12)

patic function as fieflned by less than twice the Histopathologic subtype, No. of patients (%):

upper normal limit (5) Previously untreated pa- Epithelial 13 (50)

tients with histologically and immunohisto- Mixed 727)

chemically confirmed malignant mesothelioma Sarcomatous 4 (15)

of the pleura with a measurable unidimensiona- Unidentified 2(8)

ble disease by computed tomography (CT) scan. Mean performance status by ECOG (range) 1 (0-2)

Pleural effusion wasn't considered as a measura- Smoking No. of patients (% 218D

ble or evaluable disease Mean symptom durations no (range) 3.6 (0.5-12)

Drug schedule

No.ofweeks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25

Istcycle Rest 2nd cycle Rest 3rd cycle Rest 4th cycle

In responders maintenance for 6 Ms. by IF-a-2a S.C. 3d/week.

Treatment was delivered on a weekly sched-
ule in four cycles. The first two cycles consisted
of 4 weeks of treatment each, separated by 4
weeks of rest. After the second cycle, there was
another period of 4 weeks rest. The third and
fourth cycles lasted 3 weeks each, separated by
3 weeks of rest. Total duration of treatment was
thus 25 weeks. In responders, treatment with
IFN o.-2a was continued as monotherapy 3 days
per week for 6 months.

During each weekly schedule, cisplatin
(CDDP) (60 mg/m2) was administered on day 2
of the week. IFNo-2a, 6MU/day was adminis-
tered subcutaneously on days 1-4 of each week
of treatment. Patients were hospitalized on day
2 for pre- and post-CDDP hydration therapy,
electrolyte replacement and anti-emetics. The
infusion schedule consisted of:

(1) Prehydration with 2000 ml of 5% dex-
trose, 6g NaCl and 3gKCl administered over 6

h. One gram of MgSO4 was added to the first
liter and 1.375 g of calcium was added to the
second liter of dextrose solution; (2) 8 mg of
ondensetron in 50 ml of normal saline over 15
min and 120 mg methylprednisolone as intrave-
nous bolus 30 min. before CDDP; (3) CDDP
powder dissolved in 500 ml of normal saline
over 2h. (4) at the end of CDDP infusion 250
ml of mannitol was infused over 15 min; and fi-
nally, (5) post hydration similar to prehydration
infused over 8 h.

Before each course of treatment, the patients
underwent complete physical examination,
complete blood picture and serum hepatic and
renal functions to evaluate toxicity.

Evaluation of response:

The patients were assessed for response 4
weeks after the last dose of CDDP of each of
the first two cycles and at the end of treatment.
Assessment was done by a thoracic CT scan.
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The length and breadth of the tumor at the site
of maximum thickness were measured on the
initial scan and compared at the same level on
follow-up scans. The response was classified as
complete response (CR), partial response (PR),
stable disease (SD) or progression (PD) accord-
ing to WHO criteria.

A complete response (CR) was defined as
complete disappearance of all measurable dis-
ease for 4 weeks or more without the appear-
ance of new lesions. A partial response (PR)
was defined as a greater than or equal to 50%
decrease in the sum of the products of the tu-
mours’ longest dimension and its widest per-
pendicular measurement compared to pretreat-
ment measurements lasting for 4 weeks during
which no new lesion appeared and no existing
lesions enlarged. Stable disease (SD) was de-
fined as either no change, less than 50% reduc-
tion or no more than 25% increase in tumor
size; and progressive disease (PD) was consid-
ered if a new lesion appeared or any measurable
increase in tumor size.

Duration of survival and response were cal-
culated from the time of beginning of treatment
to the present date (i.e. April 2002 if the patient
was alive; or until the time of death). Time to
progression was estimated from the start of
treatment till the first sign of progression.

After treatment with CDDP + IFN or during
IFN maintenance therapy, patients were fol-
lowed up monthly with a clinical examination
and a chest x-ray.

Statistical analysis:

The duration of survival and the median sur-
vival times [95% confidence interval (CI)] were
estimated according to the Kaplan-Meier meth-
od.

RESULTS

Starting from December 1999, twenty-six
patients with DMPM were monitored until the
end of the study in April 2002. Fourteen pa-
tients presented by dyspnea and fourteen had
chest pain on the side of the disease, eight had a
dry cough and four patients had anorexia and
weight loss. Needless to mention that most of
the patients suffered from more than one symp-
tom. The material for diagnosis was obtained
by transthoracic needle biopsy of the pleura.
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Overall, 100 cycles were administered, with
a median of 3 cycles per patient and a range of
2 to 4 cycles. Twenty-six patients successfully
completed all four cycles. Among them, eleven
patients received maintenance IFN therapy; ten
for 6 months and one for 3 months. The cause
of premature stoppage of treatment was drug
toxicity.

The median total cumulative dose of CDDP
was 596 mg/m2 range (114-861). For IFNo.-2a,
it was 264 MU (range 72-336). On average,
56.3 mg/m2 (median 57.6, range 45.5-61.5) of
CDDP was administered with an average dose
intensity of 31.1 mg/m2/week (median 29.5,
range 21.4-54.3).

Objective response and survival:

Nine patients (34.6%) achieved an objective
partial response; thirteen (50%) had stationary
disease and the disease progressed in four
(14.4%). All responding patients did so within
two cycles.

Most of the 9 PR patients were stage 11 (five
patients), the other four patients one was stage
IV and three patients were stage IIl. Six pa-
tients of the PR were of epithelial type and 3
were of mixed type. Table (2) shows the rela-
tionship of response to stage and histopatholo-

gy.

Table (2): Relationship of response to stage and histopa-

thology.
Response CR PR SD PD Total No. of patients
Stage:
I — 5 5
11 — 3 12 1 16
v 1 1
Pathology:
Ep. — 6 6 12
Mixed — 3 3 6
Sarcomatous 1 2 3
Unidentified 32 5
Total — 9 13 4 —

The median survival time for all patients
was 16.5 months (confidence interval (CI) 10.4-
30.3 and 1- and 2-year survival rates were 75%
and 27% respectively (Fig. 1). Median time to
progression was 6.4 months (CI 4.6-11.8) (Fig.
2).
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Fig. (1): Overall survival.
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Fig. (2): Time to progression.
Toxicity:

Treatment was well tolerated, hematological
toxicity was most frequently observed and con-
sisted of anemia, neutropenia and thrombocyto-
penia (Table 3). Gastrointestinal and asthenia
were the nonhematological toxicity. Renal tox-
icity was moderate (grade 1 in twelve patients).
The manifestations of gastrointestinal toxicity,
anorexia, nausea and vomiting were observed in
twelve patients (46%). Grade 1 polyneuropathy
was observed in four patients. Twelve patients
experienced asthenia, grade 3 in eight of them
and grade 2 in four. Classical flu-like symptoms
were observed in eight patients which was con-
trolled on paracetamol.

Table (3): Number of patient toxicity according to the
world health organization scale.

Grade

Toxicity

1 2 3 4
Anemia 6 6 10 0
Thrombocytopenia 6 2 4
Neutropenia 4 10 8 2
Renal 12 0 0 0
Gastrointestinal 0 4 8 0
Polyneuropathy 4 0 0 0
Asthenia 0 4 8 0

In general, twelve patients showed improve-
ment of their symptoms. Chest pain was the
first symptom to disappear in ten out of four-
teen patients. Eight out of fourteen patients had
improvement in dyspnea; however, none of the
patients gained the initial weight loss.

DISCUSSION

At present there is no standard therapy for
malignant pleural mesothelioma at any stage of
disease [20]. A limited number of patients with
small volume disease and good performance
status can be considered for extrapleural pneu-
monectomy [21].

The delivery of radical doses of radiotherapy
is limited by the extensive nature of mesothelio-
ma and the consequent risk of lung and adjacent
organ damage [8].

In recent years, however, it has been
claimed that an aggressive surgical treatment,
extrapleural pneumonectomy, for which a limit-
ed number of patients are usually eligible, re-
sults in only a modest improvement in overall
surival. In a multimodality approach that in-
cluded pleuro pneumonectomy, chemotherapy
and radiotherapy, 2-year and 5-year survival
rates for the entire cohort were 45% and 22%,
respectively, with a median survival time of 21
months among the patients without mediastinal
and transdiaphragmatic involvement [27]. In an-
other study, multimodality treatment of 49 non-
measurable patients with Butchart stage
IDMPM resulted in a median survival time of
22 months and a 3-year survival rate of 34% [2].

Most of the patients with DMPM present
with unresectable disease. Thus, systemic thera-
py is considered the only treatment option for
them [27]. Various trials of chemotherapeutic
agents have been performed over the years, but
few have shown clear benefit; most of the stud-
ies were too small in scale to accurately meas-
ure the responses. Additional problems include
heterogeneity of the patient populations, use of
second-line drugs, and a possibility of errone-
ous pathologic diagnosis [11].

Of the chemotherapy agents that have been
studied, anthracyclines, platinum compounds,
and alkylating agents have demonstrated small
but noteworthy activity against mesothelioma
[14]. In all series, cisplatin given at standard
doses has shown modest activity, yielding re-
sponse rates of less than 20% [11].
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Blay and Rebattu [4] administered CDDP at
a dose of 40 mg/m2/d for 5 consecutive days,
every 28 days. They observed a marked de-
crease in thoracic pain 1 month later and a PR
at the end of 2 months (total duration of treat-
ment not mentioned). Planting et al. [16] admin-
istered CDDP as a monotherapy at a dose of 80
mg/m2/week for 6 weeks. Five of their 14 pa-
tients had a PR lasting 2-8 months. They re-
ceived a mean dose intensity of 69mg/m2/week.

Combinations of chemotherapeutic drugs
have also been tested in numerous studies; most
have shown no advantage over single agent
chemotherapy [11].

In recent years, immunotherapy containing
IFNs has shown some success in the treatment
of solid tumors. Although all forms of IFN have
antiproliferative activity, IFN-alpha has been
the most extensively studied. All preclinical
studies have suggested that IFN-alpha may dis-
play a certain activity in mesothelioma cell
lines, by way of a direct inhibitory effect and its
capacity to upregulate surface expression of
major histocompatibility complex class I mole-
cules involved in tumor recognition [6].

As a single agent, IFN-alpha has been used
on a limited number of patients. At dosages that
ranged from 3-18 million IU/d, investigators
observed only four objectives responses out of
25 patients. On the other hand, only marginal
activity (1 responder among 13 assessable pa-
tients) was seen with the systemic administra-
tion of recombinant IFN-alpha 2b [1]. Previous
studies have not shown IFN-alpha to be reac-
tive as a single agent in the treatment of
DMPM.

Sklarin et al. [24] had shown the moderate
activity of cisplatin and mitomycin to be mark-
edly increased by the addition of IFN-alpha in
human mesothelioma xenografts. This and oth-
er similar findings suggested that it may be pos-
sible to enhance the effects of the immunomo-
dulatory or antiproliferative agents to which
mesothelioma is partially responsive by com-
bining the chemotherapeutic agents with IFN-
alpha. After the study of Sklarin et al. [24] The
combination of IFN-alpha and active chemo-
therapy agents were tried in combinations [12,
17,19,26,29].

Rodier et al. [19] observed only a marginal
efficacy for the combination chemotherapy that
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consisted of IFN (3MU on days 1-3), CDDP
(75 mg/m2) and mitomycin (10 mg/m2 on day
2). Tansan et al. [21] and Metintas et al. [12]
used a combination of IFN (4.5 Mu2/w), CDDP
(30 mg/m2 on d1 and 2) and mitomycin (8 mg/
m2 on day 1) where they found that it was mod-
erately effective and well tolerated especially in
those who responded to the treatment. Soulie et
al. [26] observed an encouraging 40% response
rate in their phase I-1I study. They used a com-
bination of CDDP (60 mg/m2/w on day 2) and
IFN (3 MU on days 1-4). They observed a me-
dian overall survival of 12 months (360 days)
and of 25 months (750 days) in responding pa-
tients. Purohit et al. [17] used the same drug reg-
imen. Their survival rate was 27% with an
overall median survival of 15 months.The re-
sults of this study were similar to those of Sou-
lie et al. [26] and Purohit et al. [17] as response
rate was (9/26 [34.6%] versus 10/25 [40%] and
5/13 [38.5%] respectively). The overall median
survival was a little longer in this study i.e.16.5
months while it was 12 months in Soulie et
al.study and 15 months in Purohit et al. [17].

In the series with the multimodality ap-
proach [2,27] the median survival times were 21
and 22 months, while in Purohit study the medi-
an survival time was 16.5 months. It is worth-
noting that Purohit study did not include stage I
while the multimodality series [2,27] included
stage I mainly.

Renal toxicity was, as in the other studies
[17, 23], generally limited to transient increase in
serum creatinine. Flu-like manifestations due to
IFN were prevented by paracetamol.

It is concluded that the drug combinations
used in this study was moderately effective and
well tolerated in patients with DMPM, especial-
ly in responsive patients. Unfortunately, the
overall response rate was low and the median
survival time was not long enough to consider
this treatment to be of general benefit to all
DMPM patients. The combination of CDDP
and IFN in large doses proved to be feasible.
The increase in IFN dose from 3 to 6 MU/day
did not seem to increase toxicity, but also did
not induce better results. On the other hand, this
and other well-defined studies [11,12,17,23] indi-
cated that mesothelioma may not be totally
chemotherapy resistant.

Other approaches like high dose methotrex-
ate [25] and gemcitabine either alone or with
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CDDRP [3,5], in addition to high dose methotrex-
ate in combination with interferons [9] have
shown promising results in terms of survival
and symptom improvement and need to be eval-
uated further. It would be interesting to carry
out randomized phase II studies, comparing
those chemotherapeutic regimens to CDDP-IFN
combination.

Recently two antifolate-based combinations
with apparently higher efficacy than older regi-
mens have emerged [the premetrexed (Alimta)/
cisplatin and the ralitrexed (Tomudex)/ oxalip-
latin regimen].

In two phase I trials with pemetrexed com-
bined with either cisplatin or carboplatin re-
sponses occurred in 5 of 11 (45%) and nine of
29 (31%) respectively. In a phase I trial of rali-
trexed/ oxaliplatin, 6 of 17 patients (35%)
achieved partial response. Based on the promis-
ing results from these combination trials, two
large phase III studies have begun. In both
trials, survival was the main endpoint. These
trials will help to define the role of these new
antifolate in malignant pleural mesothelioma
[7].

Renpirnase (Oncosase), a novel antitumor ri-
bonuclease, was assessed in a multicenter phase
II trial as a single agent in patient with unresect-
able mesothelioma. 1 and 2 year survival rates
were 42% and 26.8% respectively [13].
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