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Summary. This review of malignant mesothelioma fo-
cuses on the activity of single-agent and combination che-
motherapy, a field in which research has thus far been
rather unsystematic and sparse. Available results neither
accede to any substantial drug activity nor justify the use of
standard therapy. Furthermore, even when pooled most
findings do not fulfil the basic criteria for a phase II trial.
Prospective (multicenter) phase I trials are recommended
for the identification of new agents that show antineoplas-
tic activity in malignant mesothelioma. The use of com-
puted tomography scans can assist in the prediction of the
extent of disease both before and during treatment. Tumor-
biological systems using mice xenografts or cell lines of
human mesothelioma should be further developed so as to
improve the screening of new agents exhibiting potential
antineoplastic activity that is especially directed against
mesothelioma.

Introduction

Malignant mesothelioma accounts for 0.16% (geographi-
cal range, 0.07%—-0.17%) of all malignancies but for
approximately 0.38% of all cancer deaths [8, 36, 77,
131, 147]. A history of asbestos exposure can be elicited in
0-90% of the patients [10, 12, 27]. Asbestos is oviously
the principal etiologic agent and the development of malig-
nant pleural mesothelioma requires less exposure to asbes-
tos than does asbestosis. The peak incidence of the disease
occurs at 2040 years following the initial exposure, but it
may occasionally develop within the first 5 years. Malig-
nant mesotheliomas derive from the mesothelium covering
the body cavities. The first symptoms are most frequently
dyspnoea, weight loss, and chest pain. The chest X-ray
film usually reveals a unilateral pleural effusion, and a
visible pleural tumor is only seen in 20% of cases. The
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ratio of peritoneal to pleural mesotheliomas in exposed
asbestos workers has been reported to be 2:5 [130].

Law et al. [91] have reported the natural history of
malignant mesothelioma based on data from 64 untreated
patients. The median survival from the onset of symptoms
was 18 months; survival exceeded 4 years in 7 of the sub-
jects and 5 years in 4, whereas 1 patient lived for 16 years.
Subdivision into epithelial, fibrosarcomatous, and mixed
cell types revealed no difference in survival between the
various histological subtypes [4]. Other studies have re-
ported a better relative survival for the epithelial subtype
[1, 16, 76, 901, but definitive conclusions cannot be drawn

Table 1. Systems for clinicopathological staging of diffuse malignant
mesothelioma

Butchart staging?
.. Tumor confined to the ipsilateral pleura and lung
II: Tumor involving the chest wall, mediastinum, pericardium,
contralateral pleura
III:  Tumor involving both the thorax and the abdomen or lymph
nodes outside the chest
IV: Distant blood-borne metastases

Proposed TNM staging**b
Primary tumor:
T1: Limited to ipsilateral pleura only
T2: Superficial local invasion
T3: Deep local invasion
T4: Extensive directinvasion
Lymph nodes (LN):
NO: No positive LN
N1: Positive ipsilateral hilar LN
N2: Positive mediastinal LN
N3: Positive contralateral hilar LN
Metastases (M):
MO: No M
M1: Blood-borne or lymphatic M
Stage:
I TINOMO
I T1+2,NO+1,MO
II: T3,Nx,MO or T<4,N2+3
IV: T4,Nx,MO0+1

2 According to Butchart et al. [29
b From Chahinian [32]
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Table 2. Prognostic factors in malignant mesothelioma

The end points applied were defined as described be-
low. Response (R) was defined as the rate of CR + PR vs

Predictor Prognosis References ey
the number of evaluable cases. Classification of a drug that
Good Bad evoked an actual R of <100% as being >100% R-effective
represented the false-positivity (FP) error, and the allow-
Performance status (WHQO) 0-1 2-4 4, 16] . . a1
Duration of symptoms >6 months <6 months [4, 16] aé[ile Sle € .Of ltsf probability P(FP) was denoted alpha.
Stage (Butchart) 1 24 [4. 16, 29] assification of a drug that produced an actual R of

at this point. The most commonly accepted staging system,
proposed by Butchart et al. [29], is a simply applicable tool
that predicts survival (Table 1). Chaihinian [32] recently
modified this system using the TNM staging system
(Table 1). The significant clinical prognostic factors are
listed in Table 2. Thus far, the prognosis has unfortunately
been determined less by treatment than by these factors
[4, 16, 61, 92]. The treatment of malignant mesothelioma
has undergone some changes during the last decade, but it
remains controversial. Thus, physicians resort to such
modalities as surgery, radiotherapy, and chemotherapy.
The objective of this review was to analyze the effect of
chemotherapy on this disease and to recommend proposals
for future research.

Methodology

The WHO criteria for response were [150]. For evaluable
disease, a complete response (CR) was defined as the total
disappearance of all measurable disease. A partial response
(PR) was defined as a reduction of = 50% in the product of
two perpendicular diameters of reproducibly measurable
lesions for at least 4 weeks. The criterion for stable disease
(NC) was either an increase of <25% or a decrease of
<50% in tumor size and the appearance of no new lesions
for at least 8 weeks. Finally, disease progression (PD) was
defined as any increase of >25% in tumor size as compared
with the measurement obtained at the time of initiation of
chemotherapy or as the appearance of any new tumor.
Similar standard definitions for the response of evaluable
but nonmeasurable disease were used [54].

Table 3. Computer tomography scanning in malignant mesothelioma

>100% as being <100% R-effective represented the false-
negativity (FN) error, and the allowable size of its prob-
ability P (FN) was denoted beta.

The drug data were classified into one of three catego-
ries: (1) activity (A)>100% R if the drug data supported an
R rate of = 100%, (2) no activity (NA)<100% R if the drug
data supported an R rate of <100%, and (3) potential activ-
ity [IC(100% R)] if the drug data were inconclusive for a
100% R rate. In this review a reference including R = 0.2
and alpha = beta = 0.05 was used. For analysis of response
rates, we applied the methods and tabulations introduced
by Lee and Wesley [92].

Evaluation procedures

Pleural metastatic adenocarcinoma may be difficult to dis-
tinguish histologically from the epithelial variant of me-
sothelioma. In some instances, the use of alcian blue stain
— in the presence and absence of hyaluronidase prediges-
tion — coupled with periodic acid-Schiff stain (PAS) can
assist the distinction of the former from the latter [57,
1097; several studies have also suggested that immunohis-
tochemical methods show diagnostic value [45, 121, 128].
The definitive diagnosis is best established by a his-
topathological examination that includes electron micros-
copy [48, 137, 144, 145] of surgically obtained tumor
tissue. A histopathology panel review is also desirable
when a finite clinical evaluation must be confirmed [61].
One of the greatest problems in the interpretation of the
efficacy of a cytostatic agent in mesothelioma is the means
of evaluating the treatment response. Conventional chest
X-ray films often give inadequate information about dis-
ease dissemination, but the introduction of new technolo-
gies such as computed tomography (CT) scans and mag-

Year Numberof Numberof Numberof False-pos.  False-neg. Number of chest-film-neg./ Refe-
evaluable serially diagnoses by CT CT-pos. diagnoses rences
cases evaluable

cases Pleura Chest wall Initial During treatment
Pos. Neg. Pos. Neg. Remis. PD

1981 5 4 o/ 5 o5 - - 4/ 5 - - 6

1983 4 - - - - - 2/ 3 - - [117]

1983 9 9 0/ 7 - - - 5/ 9 2/9 4/ 9 [104]

1983 13 13 0/14 0/14 - - 12/14 - - [71]

1986 1 1 - - - - 01 - - [119]

1988 13 13 - - - - 6/13 - - [5]

1988 20 12 0/20 0120 2/20 7/20 16/20 - 6/ 8 [120]

Totals 65 52 0/46 0/39 2120 720 45/65 2/9 10/17

Ratio 0 0 0.1 0.35 0.69 0.22 0.59

95% confidence limits (0-0.08) (0-0.09) (0.01-0.32) (0.15-0.59) (0.57-0.8) (0.03-0.6) (0.33-0.82)

pos., Positive; neg., negative; Remis., remission; PD, progressive disease



Table 4. Tmpact of CT scanning on the staging of malignant me-
sothelioma?

Stageb Number of cases
Pre-CT Post-CT
I 13 7
Ir 0 6
418 0 0
v 1 1

2 From Grant et al. {71]
b According to Butchart et al. [29]

netic resonance imaging may have solved this problem to a
certain degree. To illustrate this problem, a review of 65
CT-evaluated patients with malignant pleural me-
sothelioma is summarized in Table 3. The pretherapeutic
ratio of negative diagnoses from chest X-ray films vs posi-
tive diagnoses from CT scans was (.69 (95% confidence
limits, 0.57-0.8). CT also enabled a better assessment of
disease parameters during treatment yielding a remission
ratio of 0.22 (95% confidence limits, 0.03-0.6) and a
progression ratio of 0.59 (95% confidence limits, 0.33-
0.82). The significant impact of CT on staging is shown in
Table 4 as based on a study by Grant et al. [71] that
included 14 patients.

Cytostatic treatment of malignant mesothelioma

Most trials are hampered in that any single institution can
accumulate only a few patients exhibiting malignant me-
sothelioma. Conclusions based on such insufficient data
can hardly be said to be well founded; therefore, in the
present review we found it necessary to summarize data

Table 5. Single-agent chemotherapy in malignant mesothelioma
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across many schedules and trials. it is also recognized that
case studies often emphasize responders, whereas nonre-
sponders may not be reported, resulting in a tendency
toward overestimation of pooled activity.

Single-agent cyrostatic treatment

The results of single-agent chemotherapy are shown in
Table 5. When the information was given in the actual
reference, the following data were included: the dose, treat-
ment schedule, number of evaluable cases, number of
cases achieving a CR or PR, and median time to PD.
Whenever possible, an R rate was calculated and the value
was analyzed according to R = (.2 and alpha = beta = 0.05.
Only the anthracyclines detorubicin [43, 44] and doxorubi-
cin [88, 89] have met the R criteria, and the reported
R rates have not been confirmed in subsequent trials for
either of these drugs. When the number of evaluable cases
was pooled (n >13) for each single agent, an R rate 0o 0.13
(95% confidence limits, 0.1-0.15) was observed, with the
vast majority being PRs. The response was generally of
short duration (5—7 months). According to Table 6, only
detorubicin showed activity [43, 44]. It must be borne in
mind that the results obtained using detorubicin were based
on the treatment of 21 patients, and new trials will there-
fore be needed to confirm this activity.

The data supported a conclusion in only 11% of the
trials and/or schedules, with 2% showing activity and 9%
displaying no activity (Table 7). In conclusion, the testing
of single-agent chemotherapy was performed in a nonsys-
tematic fashion. The available data neither confirm any
substantial drug activity nor justify the use of any single
agent as standard therapy.

Agent Year Dose Route Schedule Number of Number of Median Observed Comments Refe-
(mg/m? evaluable responses  time response rences
daily)? cases to PD  rate

CR PR (months)

Acivicin 1987 20 Lv. 3 days q 3 weeks 21 0 0 0 NA [60]

Aclacinomycin 1986 100 i.v. q 3 weeks 9 - - - - IC, SM [24]

ACNU 1978 3 mg/kg iv. X1 2 0 0 0 IC, SM [122]

5-Azacytidine 1974 50-200 iv. q 4 days 3 0 0 0 IC, SM [143]

5-Azacytidine 1982 100-150 iv. q3-4 days 3 0 0 0 1IC, SM [36]

Baker’s antifol 1977 250 iLv. 3 days q 3 weeks 3 0 0 0 IC, SM [138]

BCG (immunotherapy) 1982 900,000v.0. i.d. q3-6weeks 30 0 0 0 NA [146]

BCNU 1966 150 iv. 3 days q 8 weeks 1 0 0 0 IC,SM [80]

Bleomycin 1983/1981 20 iv. q 1 weeks 3 0 1 - 0.33 IC, SM 94, 96}

Bleomycin 1982 15 Lv. Sdays X 1 3 0 0 0 IC, SM [36]

Bleomycinb 1985 20 iv. q 1 weeks 19 0 2 - 0.11 IC, SM [71

Bruceantin 1979 0.8-8 Lv. q 1 weeks 1 0 0 0 IC. SM [63]

Carboplatin 1986 400 Lv. q 4 weeks 9 0 2 6 0.22 IC, SM [31]

Carboplatin 1986 300-400 iv. q 4 weeks 17 1 1 13 0.12 IC, SM [to11

Carboplatin 1987 800-~1,600 i.v. q 4 weeks 4 0 0 0 IC, SM [66]

Carboplatin 1989 400 iv. q 4 weeks 37 0 2 - 0.05 NA [142]

Chlorozotocin 1988 150 iv. q 6 weeks 10 0 0 Q IC, SM [71

Cisplatin 1977 4 mg/kg iv. q 3 weeks 1 0 0 0 IC, SM [73]

Cisplatin 1979 15 iv. 5 days q 4 weeks 6 1 0 5 0.17 IC, SM {124]




Agent Year Dose Route Schedule Numiber of Number of Median Observed Comments Refe-
(mg/m? evaluable responses  time response rences
daily)2 cases to PD  rate

CR PR  (months)

Cisplatin 1981 100 iv. q 3 weeks 9 1 0 15 0.11 IC, SM [47]

Cisplatin+thiosulphate 1984 270 ip. q 3 weeks 1 0 1 4 1 IC, SM [79]

Cisplatin+thiosulphate 1984/1985/ 90 i.c. ql-3weeks 34 5 4 7 0.26 IC. SM [85, 111,

1988 112}

Cisplatin 1084/1985 120 iv. q4-6weeks 24 0 3 4 0.13 IC, SM [102,103]

Cisplatin 1986 90-100 ic. q 1 week 21 1 3 10 0.19 IC, SM [99]

Cisplatin 1987 100 iv. q 3 weeks 35 0 5 6 0.14 1IC, SM [154]

Cycloleucin 1983/1981 300 mgrkg  i.v. 8 days q 4 weeks 7 0 2 - 0.29 IC, SM [94, 96]

Cyclophosphamide 1963 4,000 i.v. X2 1 0 1 18 1 IC, SM [52]

Cyclophosphamide 1966 100 p.o. q1day 1 0 0 0 1C, SM [118]

Cyclophosphamide 1978 500 iv. q 3 weeks 1 0 0 0 IC, SM [151]

Cyclophosphamide vs 1985 1,500 iv. q 3 weeks 22 0 0 0 NA [134]

Doxorubicin 60 iv. q 3 weeks 21 0 0 0 NA

Cytosine arabinoside 1984 6,000 i.v. q 2-4 days 1 0 1 3 1 IC, SM [86]

Detorubicin 1985 40 iv. 3 days q 3 weeks 21 2 7 8 0.43 A, ANC  [43,44]

Diaminodichlorophenylmethyl

pyrimidine+folicacid 1976 1.5-4 mg/kg p.o. q 1 week 2 0 0 0 1C, SM {115]

Diazonorleucine 1986 50 iv. 5 days q 4 weeks 6 0 0 0 IC, SM [24]

Dibromodulcitol 1971 35mgkg p.o. q 1 day 1 0 0 0 IC, SM 9]

Dibromodulcitol 1980 180 p-o. 10days q4 weeks 4 0 0 0 IC, SM 23]

Dihydroazacytidine 1989 5,000 iv. q 4 weeks 12 0 0 0 IC, SM [50]

Dimethyltriazeno-

imidazolecarboxamide 1971 450 iv. 2 days q 1 week 1 0 0 0 IC, SM [67]

Diaziquone 1986 30 iv. q 4 weeks 20 0 0 0 NA [55]

Doxorubicin 1975 45-75 iv. q 3 weeks 5 1 1 8 0.4 1C, SM [22]}

Doxorubicin 1975 50 iv. q 3 weeks 6 2 2 7 0.67 A, ANC  [88,89]

Doxorubicin 1975 60 iLv. q 3 weeks 1 0 1 9 1 1C, SM 21]

Doxorubicin 1975 75 1.v. q 3 weeks 5 1 1 - 04 IC, SM [70

Doxorubicin 1976 60 iv. q 3 weeks 9 0 3 5 0.33 IC, SM [140]

Doxorubicin 1979 50 iv. q 4 weeks 1 0 0 0 IC, SM [82]

Doxorubicin 1979 35-70 Lv. g 1 week I 0 0 0 1C, SM [105]

Doxorubicin 1982 15-30 iv. 3 days g 3 weeks 14 1 2 18 0.21 1C, SM [36]

Doxorubicin 1983/1981 70 iv. q 3 weeks 51 2 5 11 0.14 IC, SM [94, 96}

Doxorubicin 1983 60 i.v. q 3 weeks 1 0 1 9 1 1IC, SM [13]

Doxorubicin/vs 1983 70 iv. q 3 weeks 16 - - - 0.14 IC, SM

Doxorubicin/vs 20 iv. 3 days q 3 weeks 16 -6 - =T 0.14NSD IC, SM [95]

Doxorubicin 15 iv. q 1 week 16 - - - 0.14 IC, SM

Doxorubicin 1984 - iv. - 11 0 1 - 0.09 IC, SM [141]

Doxorubicin 1984 60 iv. q 4 weeks 11 0 1 26 0.09 IC, SM [72]

Doxorubicin 1988 70 iv. q 3 weeks 12 0 4 7 0.33 1C, SM [4]

4-Epidoxorubicin 1988 110-130 Lv. q 4 weeks 54 2 6 24 0.15 IC, SM [100]

4-Epidoxorubicin 1988 75 Lv, q 3 weeks 12 0 1 - 0.08 IC, SM 971

5-Fluorouracil 1974 1-2g iv./p.o. q 1 week 2 1 0 16 0.5 IC,SM [64]

5-Fluorouracil 1974 10 mg/kg iv. q 1 week 3 2 0 18 0.67 1IC, SM [65]

5-Fluorouracil 1984 10— 15 mg/kgi. v. 5 days q 4 weeks 20 0 1 24 0.05 IC, SM [72]

Glucosamine 1974 1,200 1v. 2 days q 4 weeks 1 0 0 0 IC, SM {64)

ICRF-159 1980 300 p.o. 3 days q 4 weeks 2 0 0 0 IC, SM [23]

Ifosfamide+mesna 1986 5,000 i.v. q 3 weeks 3 0 1 11 0.33 IC, SM [148)

Ifosfamide+mesna 1988 1.2-15g iv. 5 days q 3 weeks 17 0 4 7 0.24 IC, SM [5]

M9 (CHIP) 1986 300 iv. q 4 weeks 7 0 0 0 IC, SM [31]

M-Amsacrine 1988/1983 120 iv. q 3 weeks 19 0 1 4 0.05 1C, SM [4, 59]

Maytansine 1980 1.5 iv. q 3 weeks 4 0 0 0 IC, SM [23]

Maytansine 1982 0.6 Lv. q 1 week 1 0 0 0 IC, SM [36]

Melphalan 1978 - - - 1 0 0 0 1C, SM [151]

Methyl-CCNU 1976 130-170 iv. q 6 weeks 1 0 0 0 1C, SM [41]

Methyl-gloxal-bis-

quanyl-hydrazone 1974 4 mg/kg im. q 3 days 1 0 1 2 1 IC, SM [64]

Mitomycin C 1985/1987 10 iv. q4-6 weeks 19 0 4 5 0.21 1C, SM [19, 84]
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Agent Year Dose Route Schedule Number of Number of Median Observed Comments Refe-
(mg/m?2 evaluable responses  time response rences
daily)2 cases to PD  rate

CR PR (months)

Mitoxantrone 1986 12 Lv. q3-4 weeks 28 1 1 5 0.07 1C, SM [56]

Methotrexate+rescue 1985 18-50g  i.wv. - 9 0 4 - 0.44 1C, SM [53]

Methotrexate+rescue 1980 - iv. - 2 0 0 0 IC, SM [12]

Nitrogen mustard 1959 0.l mgrkg i, 5 days q 1 week 2 0 0 0 1C, SM [149]

+ATCH

Nitrogen mustard 1979 4 i.c. X1 1 0 0 0 IC, SM {82]

N-Propargyl-

dideazafolic acid 1986 300400 i.v. q 3 weeks 18 0 1 7 0.06 IC, SM (301

Thiotepa 1974 10 iv. 5 days q 4 weeks 1 0 0 0 IC, SM [64]

Thiotepa 1974 20 i.c. q 2 weeks 1 0 0 0 IC, SM [64]

Vincristine 1989 1.3 iv. q2-4 weeks 23 0 0 0 NA [106]

Vindesine 1983 3 iv. q 1 week 17 0 i 5 0.06 IC, SM [82]

Vindesine 1987 2 Lv. 2 days q 2 weeks 21 0 0 0 NA [20]

VP-16 1972 54 iv. q ! day 1 0 0 0 IC, SM [107]

VP-16 1974 200 p.o. 5 days q 3 weeks 4 0 0 0 IC, SM [58]

VP-16 (solution) 1976 120 p.o. 5 days q 2 weeks 2 0 0 0 1C, SM [108]

Totals 961 27 92

Ratio 003 01 0.12

95% confidence limits (0.02-0.04) (0.08-0.12) (0.10-0.15)

2 Unless indicated otherwise v.0., viable organism; —, no information; i.c., intracavitary; i.d., in-

CR, Complete response; PR, partial response; PD, progressive disease;
A, activity; ANC, activity not confirmed; NA, no activity; IC, inconclu-
sive data [limit of response = 20%, type I error (alpha) = 0.05, type IT
error (beta) = 0.05]; SM, small study; NSD, no significant difference;

tradermal; 1.m., intramuscular; i.p., intraperitoneal; i.v., intravenous;
p.o., oral; ACNU, nimustine; BCG, bacille Calmette-Gubrin;
BCNU, carmustine; CCNU, lomustine; CHIP, JM9, iproplatin; VP-
16, etoposide; ATCH, adrenocorticotropic hormone

Table 6. Single-agent chemotherapy in malignant mesothelioma — pooled data (n >13)

Agent Number of Number of Number of Median Observed Comments
trials evaluable responses time to PD response rate
cases (months) (95% confidence limits)
CR PR
Acivicin 1 21 0 0 - 0 NA
Bleomycin 3 25 0 3 - 0.12 (0.03-0.31) IC, SM
BCG 1 30 0 0 0 NA
Carboplatin 4 67 1 5 10 0.09 (0.03-0.18) NA
Cisplatin 8 131 8 16 7 0.18 (0.12-0.26) IC, SM
Cyclophosphamide 4 25 0 1 18 0.04 (0-0.2) NA
Detorubicin 1 21 2 7 13 0.43 (0.22-0.66) A, ANC
Diaziquone 1 20 0 0 0 NA
Doxorubicin 15 197 7 28 9 0.18 (0.13-0.24) 1C, SM
4-Epidoxorubicin 2 66 2 7 24 0.14 (0.06-0.24) IC, SM
5-Fluorouracil 3 25 3 1 18 0.16 (0.05-0.36) IC, SM
Ifosfamide 2 20 0 5 9 0.25 (0.09-0.49) I1C, SM
M-Amsacrine 1 19 0 1 4 0.05 (0-0.26) 1C, SM
Mitomycin C 1 19 0 4 5 0.21 (0.06-0.46) IC, SM
Mitoxantrone 1 28 1 1 5 0.07 (0.01-0.24) IC, SM
N-Propargyl-
dideazafolic acid 1 18 0 1 7 0.06 (0-0.27) IC, SM
Vincristine 1 23 0 0 0 NA
Vindesine 2 38 0 1 5 0.03 (0-0.14) NA
Totals 52 793 24 83
Ratio 0.03 0.1 0.13
95% confidence limits (0.02-0.04) (0.08-0.12) (0.1-0.15)

CR, Complete response; PR, partial response; PD, progressive disease; A, activity; ANC, activity not confirmed; NA, no activity: IC, inconclusive data
[limit of response = 20%, type I error (alpha) = 0.05, type II exror (beta) = 0.05]; SM, small study; —, no information; BCQG, bacille Calmette-Guérin
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Table 7. Clinical trials/pooled data (n >13) of chemotherapy in malignant mesothelioma

Number of Number of trials
_ trials/agents

Na=20% 1IC=20% A=20% Conclusive

(%) (%) (%) data (%)
Single-agent trials 87 8(9) 77 (89) 2(2) 10 (11)
Single-agent trials — pooled 18 7(39) 10 (55) 1(6) 8 (44)
Combination trials 67 1(D 61 (91) 5(8) 6(9)
Combination trials — pooled 10 1(10) 9 (90) 0 1(10)

NA, No activity; IC, inconclusive data; A, activity [limit of response = 20%, type I error (alpha) = 0.05, type II error (beta) = 0.05]

Combination chemotherapy

Malignant mesotheliomas have often been grouped with
soft-tissue sarcomas in broad trials exploring the efficacy
of combination chemotherapy, and only very few studies
have focused directly on mesothelioma as a specific dis-
ease entity in a phase II design. Many studies report com-
plex treatment plans that include combination chemothera-
py, surgery, and irradiation. No trial using a multimodality
approach was included in this review of 526 patients,
which is summarized in Table 8. Otherwise, we applied the
same evaluation procedure described above.

Of all the combinations evaluated, only three met the R
criteria: cisplatin + mitomycin C [53], cisplatin + doxoru-
bicin [74, 75, 153], and high-dose methotrexate + leu-

Table 8. Combination chemotherapy in malignant mesothelioma (cont. 1)

covorin rescue + vincristine [51]. For the first and third
combinations, the activity has not been confirmed in other
studies, and for the second, the activity could not be con-
firmed by pooling the results (Table 9). When the number
of evaluable cases was pooled (n >13) for each combina-
tion, an R rate of 0.22 (95% confidence limits, 0.18-0.25)
was observed, with the fast majority being PRs. The re-
sponse was generally of short duration (6—8 months). The
data supported a conclusion in only 9% of the trials and/or
schedules, with 8% displaying activity and 1% showing no
activity (Table 7). The results of combination chemothera-
py are thus comparable with those of single-agent chemo-
therapy, and no major difference was detected among the
various combinations.

Agents Year Number of Number of Median  Observed Comments Refe-
evaluable  responses time response rences
cases to PDrate

CR PR (months)

ACNU + BCG (i.c., immunotherapy) + FT 207 + 1978 1 0 0 0 IC, SM [135]

vincristine

Actinomycin D + cyclophosphamide + dacarbazine + 1977 14 0 1 - 0.07 IC, SM [93]

vincristine

Actinomycin D + cyclophosphamide + doxorubicin + 1978 3 0 0 0 IC, SM [151]

vincristine

Actinomycin D + cyclophosphamide + vincristine 1976 1 0 0 0 1C, SM [46]

Actinomycin D + dacarbazine + doxorubicin 1978 4 0 0 0 IC, SM [151]

Actinomycin D + doxorubicin 1981 3 0 0 0 IC, SM [26]

5-Azacytidine + doxorubicin 1978 1 0 1 24 1 IC, SM [35]

5-Azacytidine + doxorubicin 1978 8 2 0 18 0.25 IC, SM [34]

5-Azacytidine + doxorubicin 1982 36 3 5 - 0.22 IC, SM [36]

BCNU + 5-fluorouracil + methotrexate + vincristine 1973 1 0 0 0 IC, SM [110]

Bleomycin + cisplatin + vinblastine 1976 2 0 0 0 IC, SM [123]

Bleomycin + 5-fluorouracil + methyl-CCNU 1980 1 0 0 0 IC, SM [12]

Carboplatin + VP-16 1987 3 - - - IC, SM [87]

Cisplatin + cyclophosphamide + methotrexate 1982 9 0 1 3 0.11 IC, SM [36]

Cisplatin (i. c.) + cytosine arabinoside (i.c.) + 1984 i 0 0 0 IC, SM [98]

doxorubicin (i.c.)

Cisplatin + doxorubicin 1983 6 1 3 9 0.67 A [153]

Cisplatin + doxorubicin 1985 1 0 0 0 IC, SM [15]

Cisplatin + doxorubicin 1986 15 2 5 5 0.47 A [74]

Cisplatin + doxorubicin 1988 19 2 6 7 0.42 A {75]

Cisplatin + doxorubicin 1988 16 0 4 - 0.25 1C, SM [17]

Cisplatin (i. ¢.) + doxorubicin 1988 1 0 1 17 1 IC, SM [113]

Cisplatin + doxorubicin + mitomycin C 1985 1 0 1 - 1 IC, SM [15]

Cisplatin + 5-fluorouracil 1982 4 0 0 0 IC, SM [36]

Cisplatin + methotrexate + rescue 1985 6 0 4 - 0.67 A, NC [53]

Cisplatin + mitomycin C 1984/1983 12 1 2 9 0.25 IC, SM [37,38]
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Agents Year Number of Number of Median  Observed

evaluable  responses time response rences

cases to PDrate

CR PR (months)

Cisplatin + doxorubicin/vs 1987 23 i 1 - 0.09 IC, SM [40]
Cisplatin + mitomycin C 25 2 1 - 0.12 1IC, SM
Cyclophosphamide + dacarbazine + doxorubicin 1980 14 0 5 10 0.36 1C, SM [12]
Cyclophosphamide + dacarbazine + doxorubicin 1983 2 1 0 22 0.5 IC, SM {133
Cyclophosphamide + dacarbazine + doxorubicin 1983 20 0 5 16 0.25 IC, SM [49]
Cyclophosphamide + dacarbazine + doxorubicin 1986 1 0 1 - 1 IC, SM [119]
Cyclophosphamide + dacarbazine + doxorubicin vs 1987/1985 40 ! | - 0.13/ IC, SM [125
Cyclophosphamide + doxorubicin 36 3 6 - 0.11NSD IC,SM
Cyclophosphamide + dacarbazine + doxorubicin + 1977 10 0 0 0 IC, SM [136]
vincristine
Cyclophosphamide + dacarbazine + doxorubicin + 1978 5 0 1 8 0.2 1C, SM [151]
vincristine
Cyclophosphamide + dacarbazine + doxorubicin + 1979 4 0 2 - 0.5 IC, SM [69]
vincristine
Cyclophosphamide + dacarbazine + doxorubicin + 1987 5 0 1 3 0.2 1C, SM [127]
vineristine
Cyclophosphamide + doxorubicin 1980 3 0 1 - 0.33 IC,SM [12]
Cyclophosphamide + doxorubicin 1983 9 0 2 22 0.22 1C, SM [13]
Cyclophosphamide + doxorubicin 1983 23 - - - ~ 1C [114]
Cyclophosphamide + doxorubicin 1984 2 0 1 - 0.5 IC,M [14}
Cyclophosphamide + doxorubicin 1985 4 0 1 - 0.25 IC,M [15]
Cyclophosphamide + doxorubicin + methotrexate 1983 1 0 0 0 1C, SM [13]
Cyclophosphamide + doxorubicin + methotrexate + 1982 4 0 0 0 IC, SM [81]
+ vincristine + VP-16
Cyclophosphamide + doxorubicin + NSC 45388 + 1975 6 0 2 - 0.33 IC,SM [22]
vincristine
Cyclophosphamide + doxorubicin + vincristine 1984 12 0 0 0 1C,SM [91]
Cyclophosphamide + doxorubicin + vincristine 1980 8 0 2 4 0.25 IC, SM [62]
Cyclophosphamide + doxorubicin + vincristine 1981 1 1 0 66 1 IC, SM 128]
Cyclophosphamide + 5-fluorouracil + methotrexate + 1975 5 2 1 8 0.6 IC,SM [88]
vincristine
Cyclophosphamide + 5-fluorouracil + methotrexate + 1978 1 0 1 3 1 1C, SM [151]
vincristine
Cyclophosphamide + 5-fluorouracil + vincristine 1968 1 0 0 0 IC, SM [139]
Cyclophosphamide + vinblastine + vincristine 1980 1 0 0 0 IC, SM [12]
Cytarabin + 6-thioguanine + thiotepa (i. c.) 1978 1 0 0 0 IC, SM [151]
Dacarbazine + doxorubicin 1972 7 0 3 4 0.43 IC, SM [68]
Dacarbazine + doxorubicin 1978 6 0 1 8 0.17 IC, SM {151]
Dacarbazine + doxorubicin 1979 1 0 1 - 1 IC,SM [105]
Dacarbazine + doxorubicin 1983 16 - 1 7 0.06 IC, SM {95]
Dacarbazine + doxorubicin 1986 1 0 0 0 IC, SM [129]
Dacarbazine + doxorubicin + vincristine 1978 3 0 0 0 IC, SM [151]
Dacarbazine + rubidazone 1983 23 0 0 0 NA [152]
Doxorubicin + BCG (i. ¢., immunotherapy) 1978 1 0 1 18 1 1IC, SM [135]
Doxorubicin + ICRF-159 1979 - 0 1 - - IC [42]
Doxorubicin + methotrexate + rescue + vincristine 1980 5 0 3 - 0.6 IC, SM [12]
Doxorubicin + methotrexate + vincristine 1983 1 0 1 12 1 IC, SM [13]
Doxorubicin + NSC 45 388 1975 9 0 4 9 0.44 1C, sM [22]
Doxorubicin + NSC 45388 + vincristine 1975 6 0 0 0 IC, SM [22]
5-fluorouracil + methyl-CCNU 1982 1 0 0 0 1C, SM [36]
Methotrexate + nitrogen mustard 1981 1 0 1 3 1 IC, SM [28)
Methotrexate-HD + rescue + vincristine 1982 9 3 3 10 0.67 A, ANC  51]
Totals 526 24 90
Ratio 0.05 0.17 0.22
95% confidence limits (0.03-0.07) (0.14-0.21) (0.18-0.25)
CR, Complete response; PR, partial response; PD, progressive disease; significant  difference; -, no information; ACNU, nimustine;
NA, no activity; IC, inconclusive data; A, activity; ANC, activity not BCG, bacille Calmette-Guérin, CCNU, lomustine; HD, high-

confirmed; IC, inconclusive data [limit of response = 20%, type I error
(alpha) = 0.05, type II error (beta) = 0.05]; SM, small study; NSD, no

dose, i.c., intracavitary
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Table 9. Combination chemotherapy in malignant mesothelioma — pooled data (n >13)

Agents Number of Number of Number of Median Observed Com-

trials evaluable responses time to PD  response rate ments

cases (months)  (95% confidence limits)
CR PR

Actinomycin D + cyclophosphamide + dacarbazine +
vincristine 1 14 0 1 - 0.07 (0-0.23) IC, SM
5-Azacytidine + doxorubicin 3 45 5 6 - 0.24 (0.13-0.4) IC, SM
Cisplatin + doxorubicin 7 81 6 20 7 0.32(0.22-0.43) I1C, SM
Cisplatin + mijtomycin C 2 37 3 3 - 0.16 (0.06-0.32) 1C, SM
Cyclophosphamide + dacarbazine + doxorubicin 5 77 3 14 - 0.22 (0.13-0.33) IC, SM
Cyclophosphamide + dacarbazine + doxorubicin +
vincristine 4 24 0 4 - 0.17 (0.05--0.37) IC, SM
Cyclophosphamide + doxorubicin 5 54 1 8 - 0.17 (0.08-0.29) IC, SM
Cyclophosphamide + doxorubicin + vincristine 3 21 1 2 4 0.14 (0.03-0.36) IC, SM
Dacarbazine + doxorubicin 5 31 0 6 7 0.42 (0.25-0.61) 1C, SM
Dacarbazine + rubidazone 1 23 0 0 0 (0-0.15 NA
Totals 36 407 19 64 -
Ratio 0.05 0.15 0.2
95% confidence limits (0.03-0.07) (0.12-0.2) 0.17-0.25)

CR, Complete response; PR, partial response; PD, progressive disease; NA, no activity; IC, inconclusive data [limit of response = 20%, type I error
(alpha) = 0.05, type II error (beta) = 0.05]; SM, small study; —, no information

Table 10. Systems for screening of cytotoxic effects in malignant
mesothelioma

Donor Screening Agents Observed Year Refe-
systems activity rences
H,MC In vitro Carminomycin A 1981 [116]
(cell lines) Dibromodulcitol ~ MA
Carminomycin +
dibromodulcitol A
H, MC Microculture  Actinomycin D A 1989  [25]
tetrazolium Cisplatin VA
(cell lines) Doxorubicin VA
5-Fluorouracil VA
Methotrexate VA
Mitomycin C VA
Vinblastine VA
MC Hamster Actinomycin D NA 1981  [78]
(peritoneal Azacitidine MA
transplan- Aziridinyl-
tation) benzoguinone MA
Cisplatin MA
Dianhydroxyan-
thracenedione NA
DTIC NA
PCNU MA
MC Hamster Cyclophosphamide A 1981 [133]
(peritoneal Doxorubicin MA
transplantation) 5-Fluorouracil MA
H, MC Nude mice Carminomycin NA 1980 [18]
(xenografts) Cyclophosphamide NA
Daunomycin A
H, MC Nude mice Cisplatin VA 1984  [38]
(xenografts) ~ Mitomycin C VA
Cisplatin +
mitomycin C A
H, MC Nude mice Carboplatin VA 1985  [39]
(xenografts) Cisplatin VA
Iproplatin VA
H, MC Nude mice Actinomycin D +
cisplatin +
interferon A 1988 [132]

H, Human; MC, mesothelioma cells; A, activity; VA, variable activity;
MA, moderate activity; NA, no activity, DTIC, dacarbazin; PCNU,
piperidylchloroethyl-nitroso-urea

Randomized trials

Few centers have had the opportunity of allocating large
numbers of patients into prospective randomized trials
(Tables 5, 8) [40, 95, 125, 126, 134]. The R rates never
reached >20%; on the basis of these results, randomized
trials should not be instituted.

Conclusions

Little systematic testing of single-agent or combination
chemotherapy has taken place. Even the majority of pooled
results do not fit the basic criteria for phase Il studies, and
most of the trials are inconclusive. This review also indi-
cates that the results of combination chemotherapy (pooled
R rate, 0.2; 95% confidence limits, 0.17-0.25) are compa-
rable with those obtained using single-agent chemotherapy
(pooled R rate, 0.13; 95% confidence limits, 0.1-0.15),
but there seems to be a marginal trend in favour of the
former.

We accepted an R level of 20%, as have many other,
less extensive reviews [4, 11, 94, 96, 141]. At this level,
drug activity in malignant mesothelioma was not identified
for any of the drugs investigated. This finding contrasts
with the majority of conclusions drawn in other compre-
hensive reviews [2, 3, 12, 28, 33, 38, 61, 161] or trials {35,
51, 75, 81, 88, 89]. The available results do not confirm
substantial drug activity or justify the use of a standard
therapy. Phase II clinical trials are therefore needed to
identify new single-agent cytostatics. Obviously, these tri-
als must provide relevant details on prognostic factors such
as the duration of symptoms, performance status, staging,
and, probably, also histopathological subtyping. Further-
more, repeated CT scans are mandatory in evaluations of
response. For the rapid achievement of new treatment re-
sults, cooperative studies must be conducted on a national
or an international scale.



In the selection of new drugs for phase II trials, the
question arises as to whether any of the existing preclinical
screening systems are useful for the prediction of potential
efficacy using either cell lines or xenografts. To illustrate
this problem, a review of experimental screening systems
is summarized in Table 10. Clinical data based on these
quite new experimental results have thus far not been pub-
lished. Chahinian et al. [38] found that cisplatin was the
most active single agent in one human mesothelioma line
of xenografted nude mice, as was mitomycin C in another.
However, the combination of mitomycin C and cisplatin
was the most effective regimen for both lines (Table 10).
These experimental data have not yet been confirmed in
clinical trials, in which the results thus far reported have
been inconclusive [37, 38, 40]. The application of other
tumor-biological models may spur the development and
selection/identification of new cytostatic drugs.
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