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After a favorable experience with gemcitabine at a low

dose in a prolonged infusion in combination with cisplatin

for advanced non-small-cell lung cancer, here, we present

the results from a phase II trial for patients with malignant

pleural mesothelioma. Eligible patients had biopsy-proven

malignant pleural mesothelioma, were chemo-naive,

Eastern Cooperative Oncology Group performance status

0–2, had normal hematopoietic liver and renal function,

and gave informed consent. Treatment consisted of

gemcitabine 250 mg/m2 in a 6-h infusion on days 1 and 8

and cisplatin at 75 mg/m2 on day 2 of a 3-week cycle for

four cycles, followed by two additional cycles without

cisplatin. Seventy-eight patients (58 men, 20 women; age

33–82 years, median 58) were recruited into the trial. The

histologic types were as follows: epitheloid 56 (71.8%);

four sarcomatoid (5.1%); mixed 15 (19.2%); and

mesothelioma, three not otherwise specified (3.8%).

Grades 3–4 toxicity included two (2.6%) patients with

anemia, 18 (23.1%) with neutropenia, and one with nausea/

vomiting. Reversible thrombocytosis with platelets over

1000–109/l was recorded in 10 (12.8%) patients and grade

2 alopecia in 60 (76.9%). Four (5.1%) patients showed a

complete response and 35 (44.9%) showed a partial

response with a response rate of 39/78 (50%). Minimal

response or stable disease was seen in 35 (44.9%),

whereas only four (5.1%) patients progressed during

treatment. Most patients reported symptomatic

improvement with a higher or a stable quality of life score

in 70 (89.7%) cases. The median progression-free survival

was 8.0 months (confidence interval 6.9–9.0). The median

overall survival was 17.0 months (confidence interval

14.7–19.2). One-year, two-year, and three-year survival

rates were 67.3, 32.7, and 19.8%, respectively. Epitheloid

histological type was the only statistically significant

favorable prognostic factor for progression-free survival

and overall survival. Because of the acceptable toxicity,

remarkable activity, and reasonable cost, this

treatment should be further explored. Anti-Cancer Drugs
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Introduction
Malignant mesothelioma is a rare tumor whose incidence

has been increasing worldwide. Following a clear recogni-

tion of the role of asbestos in the pathogenesis of

mesothelioma, most countries have implemented severe

restrictions on the production and use of asbestos.

Nevertheless, due to the long latency between exposure

and development of mesothelioma, its incidence will

continue to increase, especially in the older popula-

tion [1–3].

Because of its aggressive local growth and only modest

sensitivity to modern anticancer treatment, malignant

mesothelioma is among the most difficult challenges

of thoracic oncology. Selected patients of low clinical

stage, medically operable, and with good performance

status are candidates for multimodality therapy with a

curative intent [4]. Most patients are treated with

chemotherapy, which may lead to a short-term remission.

Despite all efforts, over 90% of patients will die from the

disease [5].

Before the pemetrexed era, the doublet of gemcitabine

and cisplatin or carboplatin was the most widely used sys-

temic treatment for mesothelioma. Seven studies with a

total of 254 patients have been published [6–12]. Pooled

data lead to an estimated median survival of 11.7 months,

a figure that is clearly superior to that obtained with older

drugs. Although gemcitabine was never specifically

registered for mesothelioma, there should be no doubt

about its activity.

Although gemcitabine is usually applied at a relatively

high dose in a brief infusion, very interesting data on

pharmacokinetics and on the clinical use of gemcitabine

in a prolonged infusion have been published. For the

usual 30-min infusion (dose rate 40 mg/m2/min) and for

the moderately prolonged infusion at a dose rate of 10 mg/

m2/min, the maximal tolerated dose (MTD) is 1500 mg/

m2 or even higher [13–15]. With lower dose rates, MTD

decreases significantly. With infusions lasting for 3, 6, or

24 h, MTD decreases to 450, 250, and 180 mg/m2, res-

pectively [16–19]. This phenomenon may be attributed
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to the saturation of deoxycytidine kinase, the enzyme

needed for the conversion of gemcitabine into its active

gemcitabine–triphosphate form. Although a short infu-

sion leaves most of the drug unmetabolized, a prolonged

infusion leads to higher serum and intracellular concen-

trations of the active metabolite [18,20–22]. Because of

the much higher conversion rate, a long infusion of

gemcitabine leads to different pharmacokinetics, signifi-

cantly lower MTD, different toxicity profile (including,

e.g. alopecia), and an apparently different spectrum of

antitumor activity [18,19]. Over the past two decades,

several trials of low-dose gemcitabine in a prolonged

infusion have been published and have reported a

promising experience for non-small-cell lung cancer

(NSCLC), sarcomas, heavily pretreated Hodgkin’s dis-

ease, and breast, pancreatic, and bladder cancer [23–29].

In our previous clinical trials for NSCLC [30–32],

gemcitabine at a low dose in a prolonged infusion was

combined with cisplatin, the primary constituent of most

doublets used for the treatment of lung cancer and a

spectrum of other malignancies [33]. When designing this

particular doublet, a 6-h infusion of gemcitabine was

applied on days 1 and 8, and cisplatin (with proper

hydration and antiemetics) on day 2, to make the

schedule feasible also on an outpatient basis. This minor

modification of the timing of the cytotoxic drugs proved

to be easily tolerated. Neutropenia and thrombocytopenia

were rare. Most toxicity was related to cisplatin and

increased over the course of the treatment: due to

nausea/vomiting and anemia, cisplatin often had to be

excluded after four cycles of the doublet. We therefore

adopted the policy of limiting cisplatin to the first four

cycles, followed by a short-term ‘maintenance’ with

single-agent gemcitabine during cycles 5 and 6.

Our favorable experience with gemcitabine at a low dose

in a prolonged infusion and cisplatin for NSCLC [30–32]

led us to a phase II trial for patients with mesothelioma.

Our hypothesis was that low-dose gemcitabine in a long

infusion in combination with cisplatin would lead to at

least equal activity when compared with the published

experience with gemcitabine at standard doses.

Patients and methods
Patients

Eligibility criteria included biopsy-proven malignant

mesothelioma; no history of another cancer during the

past 5 years or breast cancer ever; no previous irradiation

to the chest; Eastern Cooperative Oncology Group per-

formance status 0–2; and adequate hematopoietic,

cardiac, liver, and renal function to receive cisplatin-

based chemotherapy. In addition, there was a discussion

on all patients at the multidisciplinary thoracic oncology

tumor board and considered inoperable due to tumor

extent, limited pulmonary function, other comorbidity, or

patients’ reluctance to undergo major surgery. Before

registration, all patients were fully informed about the

trial and signed an informed consent.

Exposure to asbestos was classified as heavy for persons

working with asbestos for more than 5 years; as light for

those with shorter or occasional exposure to asbestos; and

as environmental for persons living within 10 km from a

large asbestos factory in Anhovo. Although the production

of asbestos at this site closed in 1996, pollution of the

environment remains a serious health hazard.

Tumor extension was classified according to the TNM

malignant tumors classification [34] on the basis of

results from chest and upper abdominal computed

tomography (CT) scan and thoracoscopy. For comparison

with subsequent scanning, the thickness of the tumor on

three CT levels was recorded. During most of the study

period, MRI was not routinely used and PET-CT

scanning was not available.

Study treatment

Treatment schedule

Treatment started with gemcitabine at a dose of 250 mg/

m2 in a 6-h infusion on days 1 and 8, and cisplatin at 75 mg/

m2 on day 2 of a 3-weekly cycle. After four cycles, patients

not showing progression and without serious toxicity

continued with two additional cycles of monotherapy with

low-dose gemcitabine in a prolonged infusion.

Evaluation of toxicity and treatment modification

The NCI Common Toxicity Criteria (CTC), version 2.0,

were used for grading the toxicity. Gemcitabine was

applied at a reduced dose of 180 mg/m2 in the case of

grade 1 neutropenia and/or thrombocytopenia and ex-

cluded in the case of grade 2 or greater myelotoxicity.

Cisplatin was reduced to 60 mg/m2 in the case of grade 1

nephrotoxicity. For patients with grade of at least 2

nephrotoxicity and for those who reported grade 3 nausea

or vomiting despite antiemetics during a previous cycle,

cisplatin was replaced by carboplatin at area under the

curve 5.

Supportive treatment

Supportive treatment included standard hydration and

antiemetic treatment with metoclopramide, corticoids,

aprepitant, and granisetron. As our previous trials had

indicated a possibly increased risk for thromboembolic

events after low-dose gemcitabine in a long infu-

sion [31,32], all patients received low-molecular-weight

heparin for the duration of the active treatment. Virtually

all treatment was given on an outpatient basis in a day

hospital.

Evaluation for response, progression-free survival,

overall survival, and quality of life

Response was assessed during the third and sixth cycles

and every 2 months thereafter using CTexamination with

the modified RECIST criteria [35]. Upon completion of
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the trial, a review of all CT scans was performed by an

independent radiologist (A.M.). Tumor thickness was

measured perpendicular to the chest wall in two sites at

three levels. For each individual patient, the sum of the

initial measurements was taken as 100% and compared

with the corresponding measurements during and after

the treatment. Confirmation of response after at least

6 weeks was required for the classification of response

as partial or complete remission. However, the best

response at any time was used for the construction of a

waterfall plot.

Progression-free survival (PFS) (defined as progression

according to the RECIST criteria or death of any cause)

and overall survival (OS) were calculated from the first

day of chemotherapy.

For a longitudinal assessment of quality of life, we used

our own simplified scale, as validated in our prior clinical

trials for lung cancer [31,32]. Before starting cycles 3 and

5, patients were asked to compare their general well-

being with the pretreatment state:

How do you feel, in comparison with your feeling before

treatment?

5 Much better
4 Better
3 About the same
2 Worse
1 Much worse

Treatment in remission and after progression

As per protocol, no additional specific anticancer treat-

ment was planned for patients in remission. Never-

theless, patients in remission with good performance

status were again discussed at the thoracic tumor board

for eventual surgery.

Because of the heterogeneity of clinical situations, the

protocol did not specify second-line systemic treatment.

As a general rule, patients who previously responded to

treatment with low-dose gemcitabine and cisplatin were

considered for reinduction with the same or a similar

chemotherapy schedule: gemcitabine at 130–250 mg/m2

in a 6-h infusion and either cisplatin at 60–75 mg/m2 or

carboplatin at area under the curve 5. Other treatment

options included pemetrexed, navelbine, or palliative

irradiation.

Treatment was never prolonged at the expense of an

unbearable quality of life.

Study planning, analysis, and ethical considerations

Simon’s optimal two-stage design for phase II clinical

trials was used to calculate the sample size [36]. P0

(clinically uninteresting true response rate) and P1

(sufficiently promising true response rate) were set at

20 and 35%, respectively, with 80% power and 5% type 1

error. In the first stage, 22 patients had to be included: if

four or less responses were observed, accrual would stop;

otherwise, 50 more patients had to be registered.

Treatment was considered of interest if more than 19

responses were observed out of 72 evaluable patients.

The primary objective of the trial was OS; secondary

objectives were response rate, PFS, treatment toxicity,

and quality of life. PFS and OS were estimated using the

Kaplan–Meier method. The close-out date for data

collection was 1 March 2011. The results were analyzed

using the SPSS statistical package (Release 19.0; SPSS

Inc., Chicago, Illinois, USA) and Prism (Version 5,

1994–2011 GraphPad Software Inc., La Jolla, California,

USA). Preplanned subgroup analysis with a log-rank test

included age, sex, performance status, histological type of

mesothelioma, and malignant tumors stage of disease.

The investigators strictly followed the recommendations

of the Helsinki Declaration (1964, with later amend-

ments) and of the European Council Convention on

Protection of Human Rights in Bio-Medicine (Oviedo

1997). The protocol was approved by the Institutional

Review Board (Institute of Oncology, Ljubljana) and by

the National Committee for Medical Ethics, Ministry of

Health, Republic of Slovenia. Trial registration: Clinical

Trials.gov identifier NCT 01243632.

Results
Patient characteristics

Between December 2002 and May 2008, 78 patients (58

men; 20 women, age 33 to 82 years, median 58) were

recruited into the trial. Thoracoscopy was performed in

all except three patients, who had their tumor confirmed

only by a US-guided needle biopsy. The histologic types

were as follows: epitheloid 56 (71.8%); mixed 15 (19.2%);

four sarcomatoid (5.1); and mesothelioma, three not

otherwise specified (3.8%). Thirteen patients (16.6%)

had performance status 2, and the majority (60 or 76.9%)

had stage 3 or 4 disease. Patient characteristics are

presented in Table 1.

In total, 60 patients (76.9%) had some degree of exposure

to asbestos, classified as heavy/professional, light/occa-

sional, and environmental in 47, six, and seven patients,

respectively. The geographical distribution of their resi-

dence in Slovenia points to four distinct clusters (Fig. 1).

Clusters 1 and 2 are Ljubljana and Maribor, the two major

urban and industrial regions. Cluster 3 is the coast with a

ship-building industry. Finally, cluster 4 is a small region

around a large former asbestos factory in Anhovo. This

region comprises only 2.9% of the national population but

bears the burden of 35% of mesotheliomas.

Actual treatment and toxicity

Data on the actual treatment and the dose intensity

for gemcitabine and for cisplatin are shown in Table 2.

Sixty-two patients (79.5%) completed all six cycles of

chemotherapy. In a minority of patients, gemcitabine and/
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or cisplatin were excluded or applied at a reduced dose;

nevertheless, the average dose intensity for all six cycles

was above 80%.

The treatment was tolerated very well. In general,

toxicity was mild and manageable (Table 3). Grade 2

anemia was common (41 patients, 52.6%); grades 3 and 4

anemia were seen in one patient each. Grades 3 and 4

neutropenia were seen in 16 (20.5%) and two (2.6%)

patients, respectively. No patient had febrile neutropenia

and there were no treatment-related deaths. Although

only a single patient had grade 2 thrombocytopenia,

reversible thrombocytosis was common: 42 (53.8%) had

platelets in the range 500–999� 109/l and 10 (12.8%)

above 1000� 109/l. In the latter group, two developed

grade 2 deep vein thrombosis, successfully treated with

therapeutic doses of low-molecular-weight heparin. Grade

2 nausea/vomiting was common but manageable and only a

single patient was switched from cisplatin to carboplatin.

Other grade 2 toxicities included alopecia in 60 patients

(76.9%), skin rash (seven patients), and neuropathy and

edema (one patient each).

Response to treatment, survival, and quality of life

In the first stage, 11 out of 22 patients showed a

complete or a partial response. According to the statistical

design, we then proceeded to the second stage. In the

entire series of 78 patients, a complete response was seen

in four (5.1%) patients, all with epitheloid type of

malignant pleural mesothelioma (Fig. 2). Partial response

was documented in 35 (44.9%) patients, yielding a

complete response + partial response rate of 39 (50%).

Thirty-five (44.9%) additional patients showed minimal

response with symptomatic improvement or stable

disease. In four patients (5.1%), the disease progressed

during treatment.

A waterfall plot – the ratio between the best response

(measured according to the modified RECIST criteria)

and the initial tumor extent – is presented in Fig. 3.

The figure also illustrates the relation of response to

histologic type.

The median PFS was 8.0 months (confidence interval

6.9–9.0). The median OS was 17.0 months (confidence

interval 14.7–19.2). One-year, two-year, and three-year

survival rates were 67.3, 32.7, and 19.8%, respectively.

(Table 4, Figs 4 and 5).

At cycle 3, 70 (89.7%) patients reported equal or better

well-being (Table 4).

Table 1 Patient characteristics

Characteristics Patients, n = 78 (%)

Age (years)
Median 58
Range 33–82

Sex
Male 58 (74.4)
Female 20 (25.6)

Asbestos exposure
Heavy/professional 47 (60.2)
Light/occasional 6 (7.7)
Environmentala 7 (9.0)
No known exposure 18 (23.1)

Smoking
Never smoker 37 (47.4)
Former, quit at more than 2 years 26 (33.3)
Smoked until current disease 10 (12.8)
Current smoker 5 (6.4)

Previous other cancer 1 (1.3)
ECOG Performance status

PS 0 14 (17.9)
PS 1 51 (65.4)
PS 2 13 (16.6)

Histology
Epitheloid 56 (71.8)
Mixed 15 (19.2)
Sarcomatoid 4 (5.1)
Mesothelioma, not otherwise specified 3 (3.8)

TNM stage
I 3 (3.8)
II 15 (19.2)
III 38 (48.7)
IV 22 (28.2)

ECOG, Eastern Cooperative Oncology Group; PS, performance status; TNM,
malignant tumors.
aPatients living within 10 km from a large asbestos factory in Anhovo (production
of asbestos abandoned in 1996).

Fig. 1

Mesothelioma in Slovenia, 2002−2007.

Austria

Adriatic
sea

Italy

Croatia

Male
Female

The geographical distribution of patients’ residence points to four
distinct clusters: urban and industrial areas of Ljubljana (1) and Maribor
(2), the coast with a ship-building industry (3), and the area around a
large former asbestos industry in Anhovo (4).

Table 2 Chemotherapy dose intensity of 78 patients

Average dose intensity (%)
Cycle of
chemotherapy

Number of patients
entering cycle Gemcitabine Cisplatin

1 78 97.3 100
2 77 94.6 94.7
3 77 85.0 93.7
4 72 83.3 88.6
5 72 82.3 –
6 62 79.7 –
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Table 3 Toxicity (Common Toxicity Criteria grading) in 78 malignant pleural mesothelioma patients receiving low-dose gemcitabine in a
prolonged infusion and cisplatin

Adverse events Grade 0, n (%) Grade 1, n (%) Grade 2, n (%) Grade3, n (%) Grade 4, n (%)

Anemia 1 (1.3) 34 (43.6) 41 (52.6) 1 (1.3) 1 (1.3)
Neutropenia 27 (34.6) 11 (14.1) 22 (28.2) 16 (20.5) 2 (2.6)
Thrombocytopenia 69 (88.5) 8 (10.3) 1 (1.3) – –
Nephrotoxicity 48 (61.5) 29 (37.2) 1 (1.3) – –
Nausea/vomiting 15 (19.2) 38(48.7) 24 (30.8) 1 (1.3) –
Alopecia 1 (1.3) 17 (21.8) 60 (76.9) – –

Fig. 2

Computed tomography scans of a 51-year-old man with epitheloid malignant pleural mesothelioma, stage T3N0M0, performance status Eastern
Cooperative Oncology Group 1 before treatment (a) and 3 months after six cycles of chemotherapy (b).

Fig. 3
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Poststudy treatment

After completing chemotherapy, surgical removal of the

residual tumor was attempted in six patients who had a

partial response to initial chemotherapy and had a good

performance status. In five patients, extrapleural pneumo-

nectomy was carried out; in the sixth patient, the tumor

remained inoperable. One of these patients remains free of

disease at 68 months after the initial treatment. For the

rest, time to progression is between 8.5 and 48.5 months,

and survival from 20.0 to 63.2 months.

A total of 33 patients (42.3%) received second-line

chemotherapy. Patients who previously responded to

the study combination were often treated with the same

schedule. Among 27 patients who received reinduction

treatment with low-dose gemcitabine in a long infusion

and cisplatin or carboplatin, an objective response was

confirmed in 22 patients (81.5%). Furthermore, the same

combination was applied as the third-line chemotherapy

in four patients (response rate 3/4), and twice as fourth-

line (response rate 2/2) or as fifth-line chemotherapy

(response rate 2/2).

Of the six patients who received second-line chemother-

apy with other drugs including pemetrexed or navelbine,

one achieved a partial response and two showed a

minimal response.

Prognostic factors

Epitheloid histologic type was the only favorable prog-

nostic factor for PFS and OS. Patients with epitheloid

Fig. 5
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Overall survival (median 17.0 months) for 78 mesothelioma patients.

Table 4 Response to treatment, progression-free survival, overall survival, and quality of life

Variables
Epitheloid
n = 56 (%)

Other histologies
n = 22 (%)

All histologic types
n = 78 (%)

Response to treatment
CR 4 (7.1) 0 (0) 4 (5.1)
PR 28 (50.0) 7 (31.8) 35 (44.9)
MR + SD 23 (41.1) 12 (54.4) 35 (44.9)
Progression 1 (1.8) 3 (13.6) 4 (5.1)

Progression-free survival
Median 9.0 months (CI 7.5–10.4) 7.0 (CI 5.7–8.2) 8.0 months (CI 6.9–9.0)

Overall survival
Median 17.0 months (CI 12.8–21.1) 14.0 (CI 9.5–18.4) 17.0 months (CI 14.7–19.2)

QoL: patient’s self-assessment at cycle 3
5 (much better) 15 (26.8%) 1 (4.5) 16 (20.5%)
4 (better) 23 (41.1%) 14 (63.6) 37 (47.4%)
3 (equal) 12 (21.4%) 5 (22.7) 17 (21.8%)
2 (worse) 5 (8.9%) 0 (0) 5 (6.4%)
1 (much worse) 0 (0%) 1 (4.5) 1 (1.3%)

Nonevaluable 1 (1.8%) 1 (%) 2 (2.6%)

CI, confidence interval; CR, complete response; MR, minimal response; PR, partial response; SD; stable disease.

Fig. 4
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histologic type had a median PFS of 9.0 months compared

with 7.0 months for those with other histologic types

(P = 0.049). Regarding OS, patients with epitheloid and

other histologic types had a median survival of 17.0 and

14.0 months, respectively (P = 0.010). Differences in

PFS and OS in age, sex, performance status, and stage of

the disease were not significant (Table 5).

Discussion
Our phase II trial is the first to report treatment with low-

dose gemcitabine in a long infusion in combination with

cisplatin for patients with mesothelioma. The nonrando-

mized design is an obvious limitation to any conclusions

that may be drawn from our experience. Nevertheless,

due to the low incidence of mesothelioma, in the last

decade, few prospective clinical trials including more

than 80 patients have been published [37–45] and only

four of these were phase III randomized studies [38–41].

Despite the limitations and biases, small nonrandomized

phase II trials provide an important contribution to our

knowledge about the treatment of this rare disease.

In Slovenia, with a population of 2 million, almost all

patients with biopsy-proven mesothelioma and consid-

ered eligible for chemotherapy and/or radiotherapy are

referred to the Institute of Oncology in Ljubljana. During

the trial period, 139 patients with pleural mesothelioma

were reported to the Cancer Registry of Slovenia [46].

After excluding those sent for surgery as the first choice

of treatment and patients with a poor performance status

or with significant comorbidity who were treated with

best supportive care and/or palliative irradiation, a total

of 89 patients received any form of systemic therapy.

With 78 patients, our trial recruited 87.6% of patients

with pleural mesothelioma treated with chemotherapy

and may be considered as representative of the entire

population of mesothelioma patients eligible for platin-

based chemotherapy.

After a favorable experience with the treatment for a

variety of other tumors [23–32], this trial confirms that

low-dose gemcitabine in a long infusion in combination

with cisplatin is also an effective treatment for mesothe-

lioma. The high response rate, with 50.0% of the patients

achieving complete or partial remission, the relatively

long median time to progression (8.0 months), and the

long median survival (17 months) are all considerably

higher than the figures usually reported for mesothelio-

ma. The favorable ratio between efficacy and toxicity of

this regime is reflected in the high proportion of patients

who had good symptomatic relief and improved quality of

life during chemotherapy. In addition, our trial included

an independent radiology review. While we recognize the

difficulties of the assessment of response in mesothelio-

ma [47], we believe that the high antitumor activity of

our treatment is real and not attributable to observer bias.

Epitheloid histologic type predicted for longer PFS and

survival, a finding reported in several previous trials and

reviews [48–50]. The fact that the stage of the disease was

of no prognostic significance may be partially attributable

to the diagnostic process: during the trial period, PET-CT

was not available and MRI was only rarely used, as its

results would have no impact for treatment. Thus, it is

likely that in a substantial proportion of patients declared

as having early disease, the real stage was higher than

defined during the initial diagnostics, as also seen in other

studies [51]. Our experience may be compared with a

recent report on good responses to chemotherapy even in

advanced stages of mesothelioma [52].

Our protocol did not include guidelines for local treatment.

Nevertheless, five patients in remission after chemotherapy

had extrapleural pneumonectomy. Although their survival is

indeed longer, the small number and a bias in selection for

surgery preclude any comparison with other patients.

Second-line treatment was also not specified in the

protocol. Although the variety of second-line treatments

does not allow a clear conclusion, a notable finding is the

high proportion of patients in progression after initial

complete or partial remission who responded to reinduc-

tion of the same or similar treatment. Our favorable

experience as well as a recent report on reinduction of

pemetrexed-based second-line chemotherapy indicate

that at least some patients do not develop resistance to

the prior combination of chemotherapy [53].

After four cycles of the doublet of low-dose gemcitabine

in a long infusion and cisplatin, we applied two additional

courses of gemcitabine as monotherapy. It is clear that

these two additional cycles should not be regarded as a

true maintenance phase of the treatment and their

contribution to the treatment outcome is uncertain. As

almost all patients relapsed after a relatively short

remission, proper maintenance (e.g. with pemetrexed)

should be considered for future trials.

Table 5 Univariate analyses of variables potentially affecting
progression-free survival and overall survival

Variables N PFS (CI) P OS (CI) P

Age
r55 24 8.0 (6.0–9.9) 0.37 24.0 (13.4–34.5) 0.15
> 55 54 8.0 (6.2–9.7) 16.0 (13.4–18.5)

Sex
Males 58 8.0 (6.6–9.3) 0.89 16.0 (13.7–18.2) 0.46
Females 20 7.0 (4.2–9.8) 19.0 (11.9–26.0)

ECOG performance status
0 14 9.0 (7.4–10.5) 0.24 17.0 (12.3–21.6) 0.33
1–2 64 6.0 (4.3–7.6) 13 (8.0–17.9)

Histology
Epitheloid 56 9.0 (7.5–10.4) 0.049 17.0 (12.8–21.1) 0.01
Other 22 7.0 (5.7–8.2) 14.0 (9.5–18.4)

Stage
1, 2 18 7 (2.8–11.1) 0.45 17.0 (4.5–29.4) 0.46
3, 4 60 8.0 (7.0–8.9) 16.0 (13.7–18.2)

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PFS,
progression-free survival; OS, overall survival.
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Because of the nonrandomized design and the relatively

small size of our trial, comparison with other treatment

schedules is only speculative. As already mentioned,

gemcitabine at a standard dose in a brief infusion in

combination with cisplatin or carboplatin was the most

common treatment at the turn of the century, with a

reported median survival of around 12 months. A similar

survival of 12–14 months was achieved with pemetrexed

in combination with cisplatin or carboplatin [38,44,54],

which is nowadays considered as a standard systemic

treatment [49,55]. Other recent reports on the treatment of

mesothelioma include docetaxel–gemcitabine (25 patients,

median survival 15 months) [56], vinorelbine–cisplatin (54

patients, median survival 16.8 months) [57], and a triplet of

carboplatin, liposomized doxorubicin, and gemcitabine (173

patients, median survival 13 months) [42].

Platinum-based combination chemotherapy remains the

gold standard for first-line chemotherapy of malignant

pleural mesothelioma [58]. It is clear that we are still far

from finding ‘the best’ systemic treatment for mesothelio-

ma. It is also clear that additional treatment options are

needed for patients in relapse who often have a good per-

formance status and are in need of additional treatment.

In conclusion, our trial provides a new treatment within

the spectrum of treatment options for mesothelioma.

Gemcitabine at a low dose in a long infusion in

combination with cisplatin may be considered for the

primary treatment of mesothelioma, especially in eco-

nomically deprived populations for whom the costs for

pemetrexed are prohibitive. In addition, a substantial

proportion of patients with relapse after a gemcitabine–

cisplatin doublet remain sensitive to this combination

and may benefit from reinduction of the same treatment.

Because of the acceptable toxicity, remarkable activity,

and reasonable cost, this treatment should be further

explored.
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