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A Randomised Trial of MACC Chemotherapy
With or Without Lonidamine in Advanced
Non-small Cell Lung Cancer

G. Buccheri and D. Ferrigno for the Cuneo Lung Cancer Study Group
(CuLCaSG)

Combination chemotherapy with anti-proliferative agents is the usual treatment for patients with advanced non-
small cell lung cancer (NSCLC), good performance status and no major clinical contraindications. Lonidamine
(LND), a new drug with an innovative mechanism of action, might potentiate anti-cancer activity of conventional
cytotoxic drugs, with no increase of specific toxicity. Following a pilot study of feasibility, we now report the
results of a randomised trial evaluating MACC chemotherapy, as originally described, versus the same
regimen + LND. 151 patients with advanced NSCLC were assigned at random to the two treatment arms. LND
150 mg was given orally three times daily. Treatment was continued until progression of disease, unacceptable
toxicity or refusal by the patient (median number of cycles of MACC, three for both arms; median duration of
LND administration, 8 weeks in the arm concerned). Actual dose intensities (DI) of MACC and LND were,
respectively, 100 and 83% of those intended (median values). There was a negative correlation between duration
of chemotherapy and the DI of MACC reached in each patient, but no correlation between the duration of
treatment with LND and its DI. DIs of LND and MACC were not correlated with each other. In all, 15 objective
responses (one complete and four partial responses in the MACC group, 10 partial responses in patients on
MACC + LND) were observed. Median progression-free survivals were 20 weeks (confidence interval, CI 14-22)
for the group on LND and 17 weeks (CI 12-17) for the control group (non-significant difference). Median overall
survivals were, respectively, 30 weeks (CI 23-40) and 27 weeks (CI 22-34), P = non-significant. Toxicity was as
expected by the use of MACC, and similar in both arms, except for more severe anaemia and gastric toxicity in
the group on MACC + LND. Other uncommon side-effects, seen only in this latter group, were mild to moderate
and reversible and included myalgia, asthenia, testicle pain, headache, visual troubles, incubi and dizziness.
Subjective tolerance to the treatment, and perception of physical and psychological well-being were rated similarly
by patients of both groups. MACC plus LND is a moderately active regimen in advanced NSCLC, with a
foreseeable and reversible toxicity of low—medium grade. Potential enhancements of anti-tumour efficacy of
chemotherapy, and possible host survival benefits derived from the use of LND are not substantiated by the
results of this trial.
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INTRODUCTION

METASTATIC OR locally advanced non-small cell lung cancer
(N'SCLC) is notoriously difficult to treat. Although radiotherapy
has a palliative effect and cytotoxic combination chemotherapy
produces a number of objective responses, clinical benefits, if
any, have short duration. The pessimism on the efficacy of
current therapeutic choices and, particularly, on the value
of chemotherapy for the treatment of inoperable disease is
understandable, even though not completely justified [1]. Cer-
tainly, a vigorous search for more active drugs is necessary.
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Lonidamine (LND), a 1-[(2,4-dichlorophenyl)methyl}-1H-
indazol-3-carboxylic acid, was first recognised as the most
powerful anti-spermatogenic derivative of a series of indazole
carboxylic acid [2]. Subsequent studies led to the discovery that
LND has embryotoxic and anti-tumoral effects and that the
mechanism of its pharmacological properties lies in the inhibition
of cellular respiration [3-5]. Mitochondria were considered the
primary intracellular targets of this drug [5, 6]. In vitro studies
showed that LND inhibits energy-dependent repair of poten-
tially lethal damage caused by hyperthermia [7], radiation [8],
doxorubicin [9], and of a number of aklylating agents, including
cyclophosphamide and nitrosoureas [10, 11]. Lonidamine has
already undergone phase II and III clinical testing in several
human cancers [12]. In NSCLC, it has modest anti-tumour
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activity, typical reversible side-effects of mild or moderate
intensity, and nearly no myelosuppression [13-16]. In combi-
nation with a standard regimen of chemotherapy, it may increase
response rate and/or survival of patients, with no additional
haematological toxicity [13, 17-19].

In the 1970s, several chemotherapy programmes, containing
both cyclophosphamide and doxorubicin, were tested for treat-
ment of NSCLC [20]. We have been interested in the combi-
nation of methotrexate, doxorubicin, cyclophosphamide and
CCNU (MACQC) since the early 1980s. Using this combination,
we reported the rather disappointing response rate of 10% or
less, but also acceptable toxicity, fair subjective tolerance and
historical evidence of survival prolongation [21-23]. In 1989, in
order to improve upon these results, we decided to exploit
the addition of LND, which, as previously mentioned, acts
synergically with two or three drugs of the combination [9-11].
In arecently reported phase II study, we described the feasibility
of the concurrent administration of LND and MACC chemo-
therapy {24]. The level of activity of this therapeutic association
justified a comparison with MACC alone in a phase III study,
and such a trial is reported here.

PATIENTS AND METHODS
Eligibility

Patients were eligible for the trial if they had a cytological or
histological proof of NSCLC (mixed histologies with small cell
features were not acceptable [25]), and if they had received no
prior chemotherapy. Patients should have locally advanced,
metastatic, or recurrent disease, Karnofsky performance status
(KPS) [26] > 50, normal blood cell count, normal hepatic and
renal functions (bilirubin < 2 mg/dl and creatinine < 1.5 mg/
dl). Exclusion criteria included age > 75 years, active cardiac
disease, serious intercurrent medical illness or a history of a
prior malignant tumour. Patients with a single, small, inoperable
cancer lesion (maximum diameter < 4 cm) were ineligible, if
they were suitable for small-field radical radiotherapy. Prior
surgery or irradiation were not considered criteria of exclusion,
provided that a recurrence had been pathologically documented,
and at least 3 months had elapsed since completion of radio-
therapy (or 4 weeks after an exploratory intervention). All
patients should have measurable or evaluable sites of disease,
other than those previously treated. Patients who participated in
the study were assessed initially with clinical history and physical
examination, complete blood cell count, serum chemistry, bron-
choscopy, chest X-rays and tomograms, computed tomography
of the thorax, brain and upper abdomen. Patients with dubious
metastatic involvement were further investigated with appropri-
ate imaging studies, biopsies or needle aspirations. In the
absence of other inoperability criteria, any radiological finding
equivocal for nodal mediastinal involvement was considered an
indication to mediastinoscopy.

After completion of diagnostic tests, informed oral consent
was obtained from all patients who fulfilled study requirements
and consenting individuals were eligible for this study. The
protocol received the approval from the ethical committee of our
institution.

Study design
Eligible patients were randomised to MACC chemotherapy
or MACC plus LND. Prior to randomisation, patients were
stratified for stage of disease and performance status.
Treatment was started within 1 day of registration and ran-
domisation. As originally described [27, 28], the MACC regimen
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consisted of methotrexate 40 mg/m’ intravenously (i.v.);
doxorubicin 40 mg/m? i.v.; cyclophosphamide 400 mg/m? i.v.
and lomustine 30 mg/m? orally (p.o.), administered together on
day 1 and repeated every 3 weeks. Doses were adjusted on the
basis of the day-of-treatment count, according to predefined
haematological criteria. Namely, 50% of the projected dose of
each drug was given if leucocytes and/or thrombocytes fell
below, respectively, 4000/mm? and 100000/mm?. If leucocytes
were under 2000 and/or platelets under 50 000/mm?, treatment
was delayed for weeks, until the blood cell count became normal
again. Patients also had a precycle blood chemistry and urine
analysis, an electrocardiogram and were asked about oral and
gastrointestinal troubles, nausea and vomiting. Dose reduction
by 50%, withdrawal of single cytotoxic agents, and even weekly
delays of the planned chemotherapy were applied for cardiac,
hepatic, renal and gastrointestinal toxicity, or in case of stoma-
titis, anaemia, and cystytis. Doxorubicin was withdrawn when a
maximum cumulative dose of 450 mg/m? was reached.

Lonidamine (Doridamina R, 150-mg tablets; Angelini S.p.A,
Rome, Italy) was given orally, starting 7 days before the first
cycle of MACC, at a total dose of 225 mg (half a table three times
a day) for 2-3 days, escalating by 75 mg daily up to the dose of
150 mg three times daily, which was considered the optimum
dosage in fully compliant patients. Dose increases were sus-
pended temporarily (and definitively after a second unsuccessful
attempt) if moderately disturbing side-effects occurred, which
interfered with daily activities. However, the initiation of MACC
chemotherapy was not delayed if patients were unable to escalate
to the full dose of 450 mg. If severe toxicity from lonidamine
administration occurred, which was not relieved by symptomatic
treatment and dose reductions, the drug was temporarily discon-
tinued. It was also suspended if a foreseeable MACC toxicity of
grade 3 or 4 [29] persisted after the MACC cessation. After
resolution of the toxicity, a second and final attempt, starting
with the lowest dosage, was performed.

Patients were maintained on chemotherapy until disease pro-
gression, unacceptable toxicity, severe subjective side-effects,
no compliance with the protocol requirements or treatment
refusal (in patients assigned to the experimental therapeutic
association, only the treatment responsible for toxicity or intoler-
ance was suspended; in other words, the definitive withdrawals
of MACC and LND were not necessarily concurrent). After
cessation of MACC, no second-line chemotherapy was given
to any patient. There were no limitations on symptomatic
medications and/or palliative irradiation, prescribed at the dis-
cretion of the attending physician. However, irradiated sites
were not considered in the evaluation of tumour response.

End-points of study

Evaluations were made for dose intensity, toxicity, subjective
tolerance, physical and psychological well-being, response to
treatment and survival.

The evaluation of tumour response required at least a complete
physical examination with blood chemistry and chest X-rays. It
was performed after a minimum of two courses of chemotherapy,
and then at 3-week intervals, just before the next cycle of MACC.
CT scans and other diagnostic tests that were initially abnormal,
were repeated every 2 months or more frequently, if clinically
indicated. Rebronchoscopy was not a requirement for the assess-
ment of response. Standard definitions of complete response
(CR), partial response (PR), no change (NC) and progressive
disease (PD) were used [29]. A significant tumour volume
reduction, which did not fulfill the criteria of at least PR, was
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declared minor regression (MR), defined as a <50% and >25%
reduction in the product (sum of the products) of the longest
perpendicular diameters of the indicator lesion (lesions). CR,
PR and MR had to be proved on at least two consecutive
evaluations, 3 weeks apart.

Drug toxicity was graded, according to Miller and colleagues
[29], before each chemotherapy cycle. For uncommon side-
effects of LND, an ad hoc scale of subjective tolerance was
developed as follows: grade 0 = no side-effect; grade 1 = mild
and transient side-effects not interfering with daily acuivities;
grade 2 = moderately disturbing side-effects not requiring
symptomatic treatment or reduction of the dose of LND; grade
3 = seriously disturbing side-effects, controlled by sympto-
matic treatment and/or dose reduction; grade 4 = severe side-
effects, requiring therapy suspension.

A quality-of-life (QL) instrument was administered to all
patients, prior to each course, including the first. Patients
were required to participate actively in this part of the study.
However, not all patients agreed, or were able to reply to the
questionnaire correctly, in any phase of their treatment. The
questionnaire included multiple categoric and visual analogue
self-assessment scales [30]. Herein, we report the analysis of the
three fundamental questions concerning treatment tolerance,
general physical well-being and mood.

The dose intensity (DI) is defined as the total amount of drug
given, divided by body surface and the time taken to administer
it. This definition implies that both dose reductions and treat-
ment delays affect the calculated DI. Actual and projected DI
for each drug, average DI for the drugs included in the MACC
regimen and summary statistics for all patients were calculated
following the examples given by Longo and colleagues [31]. In
this study, DI were referred to the entire duration of treatment
and reported as percentages of the intended DI (DI%) for both
LND and MACC (this last percentage was the mean of the DI%
of the four cytotoxic drugs). Medians and ranges of the DI% for
the two groups of patients were also reported.

Statistical analysis

A target sample of 183 patients (119 events) was set for this
study. Accepting a 5% rejection error, this sample enables the
detection of a 45% 1-year survival rate at the power of 0.9 (1-
tailed test) [32]. We felt a 45% 1-year survival rate clinically
important (approximately 20% above the one obtained with
MACC alone [21]). Survival time was measured from the

G. Buccheri and D. Ferrigno

beginning of therapy until death or last follow-up, and pro-
gression-free survival was measured from the beginning of
therapy to the date of disease progression. Progression-free and
survival analyses were based on the Kaplan—Meier product-limit
estimates of the distribution [33]. Differences between actuarial
curves were tested using either the Mantel-Cox log rank test or
the Breslow—Gehan test, offered by the BMDP programme [34].
A Cox proportional hazards model [35] was used to adjust for
and to determine the significance of prognostic variables in the
treatment comparison of survival. Non-parametric tests [36]
were used to test correlations between DI and between DI and
time (Spearman rank tests), and to evaluate the statistical
significance of differences in medians and proportions among
the two groups (rank sum and x? tests, as appropriate). A P
value of less than 0.05 was set as significant. All tests were two-
sided. The BMDP package (Statistical Software, Los Angeles,
California, U.S.A.) and the Statistix package (NH Analytical
Software, St Paul, Minnesota, U.S.A.) were used for data
processing.

RESULTS
Characteristics of patients

Between April 1990 and October 1992, a total of 151 patients
were enrolled into the trial, from either our institution or a few
collaborating hospitals of the Cuneo province. The study was
closed to further accrual before reaching the target sample of
183 because the number of patients first enrolled, who had
already died, was higher than the expected number of 119 [32].
No interim analysis was performed.

Table 1 shows the distribution of the study sample by treat-
ment and prognostic factors. Information about sex, age, KPS,
Eastern Cooperative Oncology Group (ECOG) [37] performance
status, weight loss and histology were collected from all 151
randomised patients. The serum concentration of two prognos-
tically important tumour markers, i.e. carcinoembryonic antigen
(CEA) and tissue polypeptide antigen (TPA) [38, 39], were
obtained in only 137 and 132 patients, respectively. The ran-
domisation achieved a good balance on the items that were
stratified, although subjects on MACC + LND had a trend
(statistically non-significant) toward less favourable performance
status, as well as towards more advanced disease. The only
imbalance (nearly significant) was in weight loss and TPA,
favouring again the control arm. Median age was 63 years.
7 patients from the MACC group and 4 from the arm on

Table 1. Pattents’ characteristics

Treatment group Rank sum/x?
MACC MACC + LND test (P-value)
No. of patients 76 75
Sex (male/female) 71/5 71/4 0.8964
Median age, years (range) 62 (33-74) 63 (45-75) 0.2374
Median Karnofsky performance status (range) 75 (50-100) 70 (60-100) 0.2529
ECOG performance status (0/1/2) 5/44/27 7/34/34 0.2994
Median percentage weight loss in 6 months (range) 0(0-30) 4(0-22) 0.055
Median CEA, ng/ml (range) 3(0-390) 3(1-1140) 0.5334
Median TPA, U/l (range) 152 (38-1300) 190 (40-1960) 0.0999
Histology (squamous/adeno-/large cell/mixed S111/777 50/13/10/2 0.3237
or unclassified)
Stage of disease (I11a/IIIb/IV/recurrent disease) 20/11/38/7 15/18/38/4 0.3596
Prior treatment (none/surgery/radiotherapy) 69/3/4 71/3/1 0.4021
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Table 2. Delivery of chemotherapy

Treatment group Rank sum test
MACC MACC + LND (P value)

No. of patients 76 75
MACC chemotherapy

Courses given, total 283 265

Courses given, median (range) 3(1-13) 3 (1-10) 0.7084

Weeks of delay, total 10 57

Weeks of delay, median (range) 0(0-7) 0(0-14) 0.1257

Courses given with reduced doses, total 22 14

Courses given with reduced doses, median (range) 0(0-3) 0(0-2) 0.4055

Percent projected dose intensity, median (range)* 100 (43-100) 100 (43-100) 0.7293
Lonidamine

Weeks of treatment, total 838

Daily dose, median mg (range) 450 (75-450)

Per cent projected dose intensity, median (range) 83 (3-100)

*Average of the percentage projected dose intensities of the four drugs of the regimen.

MACC + LND had previous pulmonary resection or thoracic
irradiation.

11 of the 151 patients died within 7 weeks of the beginning of
chemotherapy (6 in the MACC arm, 5 in the MACC + LND
group). Before receiving the second course of MACC, another
14 patients (6 in the MACC arm, 8 in the other group) refused
the allocated therapy, or requested a change of treatment, or
were no longer compliant with protocol requirements. Thus,
there were 126 patients evaluable for tumour response, and 133
evaluable for toxicity to MACC (7 of the 14 patients, who
withdrew their consent after the first cycle of chemotherapy,
could not be seen and assayed for toxicity at the planned
time). All 75 patients randomised to the experimental arm were
evaluated for toxicity to LND.

Delivery of treatment

The median number of cycles of chemotherapy received by
patients in the two arms was identical (three in both arms, ranges
1-10 and 1-13). 112 patients received at least two cycles (60 in
the MACC group, 52 in the other), while 36 completed a
minimum of six courses of chemotherapy (17 and 19 in the two
arms, respectively). In the 75 evaluable patients, the median
daily dose of LND (defined as the maximum dose reached after
the initial tolerance test) was 450 mg (range 75-450). 2 patients
received a maximum dose of LND 75 and 150 mg per day, 21
received a dose between 225 and 300 mg, 52 the full dose of
450 mg per day. The median duration of therapy with LND was
8 weeks (range 1-46), but only 49 patients of 75 received the
drug continuously for at least 1 month. In 16 patients, LND was
suspended, before MACC, between the first and the 24th week
of reatment. The cycles of MACC given at either full or reduced
doses (total number, median and range), the weeks of delay
(total, median and range), and the median dose intensity of
MACC are summarised in Table 2, according to the treatment
plan. Similar information concerning LND is given for patients
randomised on MACC + LND.

As shown in Figure 1, we found an inverse, statistically
significant relationship between number of cycles and the DI%
of MACC reached in each patient. This was significant both in
patients allocated in the MACC arm, and in patients assigned to
the MACC + LND group. Thus, the tolerance to chemotherapy
was negatively affected by the duration of the treatment itself

and worsened progressively with time, irrespective of the con-
temporary administration of LND. This did not apply to LND
(Figure 1). On the contrary, in the MACC + LND group a
trend towards a positive correlation between DI% and treatment
duration was seen (this was probably due to the lower average
dose of LND assumed by patients who did not tolerate the drug
and soon discontinued the treatment).

Figure 2 confirms the theoretical assumption that the use of
LND does not affect the possibility of delivering cytotoxic
chemotherapy; in fact, we found no correlation at all between
DI% of MACC and LND in patients who received both treat-
ments.

Toxicity

Toxicity experienced by our patients is summarised in Tables
3 and 4. In all, three drug-related deaths from myocardial
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Figure 1. Relationship between treatment duration and the actual

dose intensity of LND (as % of the projected dose) and MACC (as

average % of the projected dose of the four drugs). Treatment

duration is expressed as number of cycles of MACC. Statistical
analysis by the Spearman rank correlation.
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Figure 2. Relationship between MACC and LND dose intensities
(both expressed as % of the projected dose). Statistical analysis by
the Spearman rank correlation. Rs = ~0.0203, P = NS.

infarction, fatal bleeding in severe thrombocytopenia
(MACC + LND group) and neutropenic sepsis with pneu-
monia, (MACC group) occurred; another five deaths occurred
unexpectedly at home and could have been related to the
treatment. Patients on MACC + LND had a significantly more
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severe anaemia, and complained of more frequent nausea and
vomiting (Table 3). Other toxicity phenomena were well bal-
anced between the two groups. In particular, toxicity of grade 3
and 4 was haematological (in both arms, 10 cases with anaemia,
10 with leucopenia and 6 with platelet toxicity), oral (6 cases),
gastric (16 cases), renal (1 case), hair-related (39 cases) and
cardiac (1 case).

No toxicity correlated to LND was life-threatening. Side-
effects from this drug were always reversible, but in 16 patients
they were severe enough to cause early suspension (Table 4).
Patients who discontinued the drug complained of grade 4
myalgia (6 patients), asthenia (2), testicle pain (2), gastric
intolerance (1), visual troubles (1), dizziness (1) or multiple
grade 4 side-effects (3 patients). Other side-effects of LND were
headache and nightmares.

Assessment of subjective tolerance to rreatment, physical and
psychological well-being

The number of patients who completed the QL instrument at
6, 12 and 18 weeks was 56, 32 and 19, respectively (32, 16 and 8
from the MACC group, and 24, 16 and 11 from the
MACC + LND arm). All patients had also had a QL evaluation
performed prior to initiating treatment. This permitted a com-
parison with their baseline status. In general, patients who
continued to respond to QL questionnaires did not experience a

Table 3. Worst toxicity experienced (toxicity grades according to Miller and colleagues [30])

X2 test

Treatment group MACC chemotherapy MACC + LND chemotherapy (P-value)
No. of patients with toxicity 0 1 2 3 4 Total 0 1 2 3 4 Total
Haematological

Haemoglobin 54 5 5 2 1 67 34 16 9 6 1 66 0.0093

Leucocytes 52 8 3 2 2 67 47 13 0 2 66 0.2769

Platelets 62 2 1 1 1 67 58 2 2 0 4 66 0.5154
Gastrointestinal

Oral 56 3 5 3 0 67 54 7 2 3 0 66 0.4005

Nausea/Vomiting 40 6 11 10 0 67 27 18 15 6 0 66 0.0175
Hepatic

SGOT/SGPT 62 5 0 0 0 67 65 1 0 0 0 66 0.0985
Renal

Creatinine 60 7 0 0 0 67 59 5 1 1 0 66 0.506
Hair 12 18 18 19 0 67 17 10 19 20 66 0.3628
Cardiac 61 6 0 0 0 67 62 2 1 0 1 66 0.2614

Number of evaluable patients = 75.

Table 4. Uncommon side-effects of lonidamine (worst toxicity experienced, ad-hoc scale:

see text for definition)

Toxicity
No. of patients with toxicity 1 2 3 4 Total (%)
Myalgia 7 0 1 8 16 @2n
Asthenia 4 1 1 3 9 (12)
Testicle pain 5 0 0 3 8 (11
Gastric intolerance 3 0 1 2 6 ®
Headache 2 1 0 0 3 4
Visual troubles 0 0 1 1 2 3)
Nightmares 1 0 0 1 2 3)
Dizziness 0 0 1 1 2 3)

Number of evaluable patients = 75.



MACC *+ Lonidamine in Advanced NSCLC 1429
Table S. Variations of subjective status at 6, 12 and 18 weeks of treatment
MACC chemotherapy group MACC + LND chemotherapy group X2 test
(P-value)
Improvement  Nochange Deterioration Total Improvement No change Deterioration Total
Chemotherapy tolerance
At 6 weeks 8 14 10 32 6 12 6 24 0.8595
At 12 weeks 4 8 2 14 8 7 1 16 0.4477
At 18 weeks 1 2 4 7 3 7 1 11 0.0849
Physical well being
At 6 weeks 13 16 3 32 5 14 5 24 0.2112
At 12 weeks 10 4 2 16 6 7 3 16 0.3646
At 18 weeks 4 3 1 8 1 7 3 11 0.1335
Mood
At 6 weeks 11 15 6 32 3 16 5 24 0.1632
At 12 weeks 4 8 4 16 S 9 2 16 0.6582
At 18 weeks 2 4 2 8 2 7 2 11 0.8381
constant deterioration of their subjective status. This obser-
vation is subject to bias since it is limited to the small number of 1.0 = MACC + LND group
patients who were fully collaborating for a time after their g-g K g nedan ;02(;, woeks. 93% C1 = 14 - 22 weeks)
registration into the study. Of course, patients who refused or > 07| (median= 17 weeks, 95% C1 = 1217 weeks)
were unable to complete the QL instrument (because of disease = 8-2 B Mantel-Cox test: £ = 0.3827, Breslow test: P = 0.1893
progression or toxicity) would have responded in a different -§ 0.4}
way. Nevertheless, the comparison between replying patients A& 8'; N
gave homogeneous outcomes, and is of some value. It shows that 0.1} - L
there was no significant difference at any time and for any type 0 20 40 60 80 - 100

of psychological evaluation between treatment arms (Table 5).

Tumour response and survival

126 patients had a minimum of 6 weeks of follow-up with no
major protocol violation and were assessable for response (Figure
3). There were, in total, 1 CR and 14 PR (1 CR and 4 PR in
patients on MACC, 10 PRs in the group on MACC + LND) for
an overall response rate of 12% [95% confidence limits (CL),
6-18%], a MACC response rate of 8% (95% CL, 1-14%), and a
MACC plus LND response rate of 16% (95% CL, 7-25%).
Using the total number of patients entered as the denominator,
on an “intent-to-treat basis”, corresponding rates would be 7%
(95% CL, 1-12%) for the MACC group, and 13% (95% CL,
7-20%) for the MACC plus LND arm. 20 patients achieved
some form of tumour volume reduction which fulfilled the
criteria of a minor response (14 cases in the MACC + LND
group). Another 50 subjects had stable disease (NC), while 41
progressed at their first restaging evaluation.

No patient was lost to follow-up. Actuarial curves for time to

30
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Figure 3. Best objective response according to the treatment group.

Progression-free survival (weeks)

Figure 4. Probability of progression-free survival according to the
treatment group.

progression and survival duration are given according to the
treatment plan in Figure 4 and 5, respectively. Median time to
progression for the MACC group was 17 weeks (95% CL,
12-17), as compared to 20 weeks for patients on MACC + LND
(95% CL, 14-22). This difference was not statistically signifi-
cant. Survival probability was also similar within the two arms,
the median being 27 weeks (95% CL, 22-34) for patients
on MACC, and 30 weeks (95% CL, 23-40) for patients on
MACC + LND. A Cox’s multivariate analysis of survival could
be performed on 139 patients. It took into account the following
factors: age, sex, Karnofsky and ECOG performance status,
weight loss, histology, T classification, N classification, M
classification, stage of disease, location of the metastatic disease
(0 if absent) and treatment plan. The resulting regression
equation included as significant variables the type of metastatic
disease [improvement of x*> (ICS): 15.612, P = 0.000], the
extent of the nodal disease (ICS = 10.423, P = 0.000) and KPS
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Figure 5. Probability of survival according to the treatment group.
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(ICS = 5.726, P = 0.017). Also in this analysis, the treatment
allocation was an insignificant determinant of the patients’
survival.

DISCUSSION

Approaching the new millenium, we still do not know with
certainty which is the best therapeutic choice for advanced
NSCLC patients. For example, there is no agreement on whether
to offer chemotherapy to out-of-protocol patients, and if so,
what kind of chemotherapy to offer [40-42]. Although it is
probably true that regimens containing cis-platinum have the
highest and most reproducible response rates [43, 44], several
studies suggest a lack of correlation between response and
survival [45]. Increases in anti-proliferative efficacy are usually
accompanied by similar increases in toxicity. Toxicity may prove
to be the real limiting factor for survival, and the final balance
between greater tumour cell killing and greater toxicity may be
a net zero. In NSCLC, regimens with modest anti-tumour
activity and mild to moderate toxicity are not necessarily inferior
to more active and toxic regimens. Qur previous experience
seems to confirm this hypothesis [21-23, 46]. In our hands, the
MACC regimen was able to ensure significant life prolongation
[23], in spite of a disappointing response rate of 8% [21]. Survival
benefits were already reported with the same programme [47]
and nearly half a century ago, with the today abandoned nitrogen
mustard [48]. In constrast, a number of studies of platinum-
based regimens were not capable of substantiating a similar
survival advantage [49-52]. Planning this study, we had in mind
all the above considerations. We thought that the prolongation
of the duration of response or even the maintenance of a
condition of stable disease might be as important as the very
rate of response in determining the final outcome of patients.
Consequently, we decided to maintain our old MACC pro-
gramme, and simply test the addition of LND in a pilot phase II
study [24] and then in a randomised phase III trial.

In clinical studies, lonidamine alone, used in doses between
450 and 1050 mg per day, was reported active against NSCLC
in 3 to 11% of patients [13-16]. Patients with less advanced
disease and patients with squamous cell carcinoma responded
better in one study [15]. Side-effects were mild to moderate,
promptly reversible with the suspension of treatment, and
devoid of the toxicity commonly encountered with other cyto-
toxic drugs [13-16]. In particular, no haematological toxicity
was ever observed [13-15], except for mild to moderate anaemia
in one study [16]. Daily doses above 450 mg induced more
severe side-effects without therapeutic advantage [15]. The
addition of LND to a conventional treatment of chemotherapy
has been attempted in two phase II studies of advanced NSCLC
[17, 24] and in three previous controlled trials [13, 18, 19].
Preliminary feasibility studies indicated the potential interest
of combining LND with a conventional polychemotherapy
regimen (in our case, the MACC regimen [24]), but phase III
studies are still rather limited in number. According to the study
by Battelli and colleagues [18], LND should not significantly
potentiate the effects of chemotherapy [18]). The authors used
the same regimen (i.e. MACC) and the same dosages and
schedule of LND administration that we used. The major
limitation was the small number of patients enrolled. Gallo-
Curcio and coworkers randomised 164 patients with inoperable
non-metastatic patients to receive radiotherapy (split course)
and chemotherapy (cisplatin and etoposide), with or without
LND, 450 mg daily [19], and response rates, median times to
progression and survivals were substantially unchanged. LND
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did not give rise to serious additional toxicity. 184 patients were
randomised by Gatzemeier and associates to receive either
LND alone, 600 mg daily, or a two-drug chemotherapy (i.e.
mitomycin C and vindesine), or the same regimen plus LND
[13]. Again, there were no major differences in response rate,
global survival, toxicity and subjective tolerance, but a signifi-
cant increase in the proportion of patients living after 12 months
from the beginning of the combined ttreatment (chemotherapy
plus LND) was observed.

The major findings of the current study can be summarised as
follows: (i) MACC plus LND, 150 mg three times daily,
orally, is a moderately active combination chemotherapy for
NSCLC, with a foreseeable and reversible toxicity of
low-medium grade and an acceptable subjective tolerance.
Diverse, often mild side-effects of a subjective nature may result.
Tolerance to MACC worsens progressively with the continuation
of treatment. In contrast, the continuous administration of LND
does not reduce the tolerance to the drug itself, and does not
impede the continuation of chemotherapy. Therapy is easy
to deliver on outpatient basis, with all drugs administered
concurrently every 3 weeks or continuously by the oral route.
These results totally confirm our previous phase II study [24].
(ii) The addition of lonidamine to MACC might improve
response rate and survival at expense of a certain increase of
toxicity (namely, anaemia and gastric upset), while quality of
life remains unchanged. Improvements are possible, but remain
unproven by current data, since differences in outcomes were
never statistically significant, in spite of the acceptable statistical
power of the trial.

We were unable to substantiate meaningful benefits from the
addition of lonidamine to a standard combination chemotherapy.
Accordingly, we do not recommend further clinical exploration
of this drug in NSCLC; however, the path opened by lonidamine
(i.e. the sensitisation of tumour cells to cytotoxic agents obtained
by affecting their damage-repair ability), is stimulating theoreti-
cally, and needs further basic research that could be advan-
tageously translated in future clinical practice.

1. Souquet PJ, Chauvin F, Boissel JP, et al. Polychemotherapy in
advanced non small cell lung cancer: a meta-analysis. Lancet 1993,
342, 19-21.

2. Silvestrini B, De Martino C, Cioli V, Campana A, Malorni W,
Scorza Barcellona P. Antispermatogenic activity of diclondazolic
acid in rats. In Fabbrini A, Steinberger E, eds. Recent Progress in
Andrology. New York, Academic Press, 1978, 453—457.

3. Floridi A, Paggi MG, D’Atri S, et al. Effect of lonidamine on the
energy metabolism of Ehrlich ascites tumor cells. Cancer Res 1981,
41, 4661-4666.

4. Floridi A, Paggi MG, Marcante ML, Silvestrini B, Caputo A, De
Martino C. Lonidamine, a selective inhibitory of aerobic glicolysis
of murine tumor cells. ¥ Natl Cancer Inst 1981, 66, 497-499.

5. Floridi A, Bagnato A, Bianchi C, ez al. Kinetics of inhibition of
mitochondrial respiration by antineoplastic agent lonidamine. ¥
Exp Clin Cancer Res 1986, 5, 273-280.

6. De Martino C, Malorni W, Accinni L, e al. Cell membrane changes
induced by lonidamine in human erythrocytes and T lymphocytes,
and Ehrlich ascites tumor cells. Exp Molec Pathol 1987, 46, 15-30.

7. Silvestrini B, Hahn GM, Cioli V, De Martino C. Effects of lonidam-
ine alone or combined with hyperthermia in some experimental cell
and tumor systems. Br ¥ Cancer 1983, 47, 221-231.

8. Kim JH, Alfieri AA, Kim SH, Young CW. Potentiation of radiation
effects on two murine tumors by lonidamine. Cancer Res 1986, 46,
1120-1123.

9. Zupi G, Greco C, Laudonia N, Benassi M, Silvestrini B, Caputo A.
In vitro and in vive potentiation by lonidamine of the antitumor
effect of adriamycin. Anticancer Res 1986, 6, 1245-1250.

10. Rosbe KW, Brann TW, Holden SA, Teicher BA, Frei E, III.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

MACC = Lonidamine in Advanced NSCLC

Effects of lonidamine on the cytotoxycity of four alkylating agents
tn vitro. Cancer Chemoth Pharmacol 1989, 25, 32-36.

Teicher BA, Herman TS, Holden SA, Epelbaum R, Liu S, Frei E,
III. Lonidamine as a modulator of alkylating agent activity in zitro
and tn vive. Cancer Res 1991, 51, 780-784.

Putzolu S, Taddei I. New perspectives in anticancer therapy: a
review on lonidamine. Drugs of Today 1989, 25, 195-209.
Gatzemeier U, Cavalli F, Haubinger K, et al. Phase III trial with
and without lonidamine in non-small cell lung cancer. Semin Oncol
1991, 18 (suppl 4), 42-48.

Giaccone G, Bagatella M, Donadio M, Bonardi G, Maestroni F,
Calciati A. Lonidamine versus polychemotherapy in advanced non-
small cell lung cancer. A preliminary analysis. Tumori 1989, 75,
43-46.

Kokron O, Maca S, De Gregorio M, Ciottoli GB. Phase II study of
lonidamine in non-small cell lung cancer: final report. Br ¥ Cancer
1990, 61, 316-318.

Scagliotti GV, Gozzellino F, Albera C, Pescetti G. Chronic adminis-
tration of lonidamine in untreated non-small cell lung cancer of
stage IIIMO-1. Chemotherapy 1989, 35, 64-68.

Lelli G, Guaraldi M, Canova N, Casadio M, Pannuti F. A phase IT
study on Lonidamine combined with cisplatin and etoposide in
the treatment of advanced non-small cell bronchogenic carcinoma
(NSCBCQC). ¥ Chemoth 1990, 2, 401-404.

Battelli T, Manocchi P, Giustini L, er al. A long-term clinical
experience with lonidamine. Oncology 1984, 41 (suppl 1), 39-47.
Gallo-Curcio C, Verturo I, Ambesi Impiombato F, et al. Chemo-
therapy/radiation therapy plus/minus lonidamine in the treatment
of non-small cell lung cancer (limited disease): preliminary results.
Semin Oncol 1988, 15 (suppl 7), 26-31.

Aisner I, Hansen HH. Commentary: current status of chemotherapy
for non-small cell lung cancer. Cancer Treat Rep 1981, 65, 979-986.
Buccheri GF, Ferrigno D, Vola F, Curcio A. Combination of
chemotherapy with methrotexate, adriamycin, cyclophosphamide,
and CCNU (MACC) for non-small cell lung cancer: 4-year experi-
ence with 92 patients. Oncology 1989, 46, 212-216.

Buccheri GF, Ferrigno D, Curcio A, Vola F, Rosso A. Continuation
of chemotherapy versus supportive care alone in patients with
inoperable non-small cell lung cancer after two or three cycles of
MACC. Cancer 1989, 63, 428-432.

Buccheri GF, Ferrigno D, Rosso A, Vola F. Further evidence in
favour of chemotherapy for inoperable non-small cell lung cancer.
Lung Cancer 1990, 6, 87-98.

Buccheri GF, Ferrigno D, Rosso A. A phase II study of MACC
chemotherapy and Lonidamine in advanced non-small cell lung
cancer. Cancer 1993, 72, 1564-1572.

World Health Organization. I'nternational Histological Classification
of Tumours. Berlin, Springer-Verlag, 1991.

Karnofsky DA, Burchenal JH. The clinical evaluation of chemo-
therapeutic agents in cancer. In Macleod CM, ed. Evaluation of
Chemotherapeutic Agents. New York, Columbia University Press,
1949, 199-205.

Chahinian AP, Arnold DJ, Cohen JM, et al. Chemotherapy for
bronchogenic carcinoma: methotrexate, doxorubicin, cyclophos-
phamide, and lomustine. JAMA 1977, 237, 2392-2396.

Chahinian AP, Mandel EM, Holland JF, e al. MACC
(methotrexate, adriamycin, cyclophosphamide, and CCNU) in
advanced lung cancer. Cancer 1979, 43, 1590-1597.

Miller AB, Hoogstraten B, Staquet M, Winkler A. Reporting results
of cancer treatment. Cancer 1981, 47, 207-214.

Buccheri GF, Vola F, Ferrigno D. Aspects of quality of life in
patients with lung cancer: a three observer evaluation study. Inz 7
Oncol 1993, 2, 537-544.

Longo LD, Duffley PL, DeVita VT, Wesley MN, Hubbard SM,

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43,

45.

47.

48.

49.

50.

51.

52.

1431

Young RC. The calculation of actual or received dose intensity: a
comparison of published methods. ¥ Clin Oncol 1991, 9, 2042-2051.
Freedman LS. Tables of the number of patients required in clinical
trials using the logrank test. Statist Med 1982, 1, 121-129.

Kaplan EL, Meier F. Non-parametric estimation from incomplete
observations. ¥ Am Stat Assoc 1958, 58, 457—481.

Dixon WJ]. BMDP: Statistical Software. Berkeley, University of
California Press, 1988, 576-583.

Cox DR. Regression models and life tables. ¥R Stat Soc 1972, 34,
187-220.

Siegel S. Nonparametric Statistics for the Behavioural Sciences. New
York, MacGraw Hill, 1956.

Zubrod CG, Scheiderman MA, Frei E, et al. Appraisal of methods
for the study of chemotherapy in man: comparative therapeutic trial
of nitrogen mustard and triethylene thiophosphoramide. ¥ Chron
Dis 1960, 11, 7-33.

Buccheri GF, Ferrigno D, Vola F. Carcinoembryonic antigen
(CEA), tissue polyptide antigen (TPA), and other prognostic indi-
cators in the squamous cell carcinoma of the lung. Lung Cancer
1993, 10, 21-33.

Ferrigno D, Buccheri GF, Biggi A. Serum tumour markers in lung
cancer: history, biology and clinical applications. Eur Resp ¥ 1993,
7, 186-197.

Haskell CM. Chemotherapy and survival of patients with non-smail
cell lung cancer: a contrary view. Chest 1991, 99, 1325-1326.

Vokes EE, Bitran JD, Vogelzang NJ. Chemotherapy for non-small
cell lung cancer: a continuing challenge. Chest 1991, 99, 1326-1328.
Buccheri GF. Chemotherapy and survival in non-small cell lung
cancer. The old ‘vexata questio’. Chest 1991, 99, 13281329,

Ihde DC. Drug therapy: chemotherapy of lung cancer. N Engl ¥
Med 1992, 327, 1434-1441.

. Haraf DJ, Devine S, Ihde DC, Vokes EE. The evolving role of

systemic therapy in carcinoma of the lung. Semin Oncol 1992, 19
(suppl. 11), 72-87.

Slevin ML, Staquet MJ. Randomized trials in cancer. A critical
review by sites. In Anonymous, ed. Monograph Series of the European
Organization for Research and Treatment of Cancer, Vol. 15. New
York, Raven Press, 1986, 342-344.

. Buccheri GF, Ferrigno D, Curcio A, Vola F, Mattalia E. MACC

(methotrexate, doxorubicin, cyclophosphamide and lomustine) ver-
sus cis-platinum and etoposide in the treatment of advanced non-
small cell lung cancer. Chemioterapia 1986, 5, 53-57.

Cormier Y, Bergeron D, La Forge ], et al. Benefits of polychemo-
therapy in advanced non-small-cell bronchogenic carcinoma. Cancer
1982, 50, 845--849.

Green RA, Humphrey E, Close H, Patno ME. Alkylating agents in
bronchogenic carcinoma. Am ¥ Med 1969, 46, 516-525.

Woods RL, Williams CJ, Levi J, et al. A randomized trial of
cisplatin and vindesine versus supportive care only in advanced non-
small cell lung cancer. Br J Cancer 1990, 61, 608-611.

Ganz PA, Figlin RA, Haskell CM, La Soto N, Siau ] for the UCLA
Solid Tumor Study Group. Supportive care versus supportive care
and combination chemotherapy in metastatic non-small cell lung
cancer. Does chemotherapy make a difference? Cancer 1989, 63,
1271-1278.

Kaasa §, Lund E, Thorud E, Hatlevoll R, Host H. Symptomatic
treatment versus combination chemotherapy for patients with exten-
sive non-small cell lung cancer. Cancer 1991, 67, 2443-2447.
Cellerino R, Tummarello D, Guidi F, et al. A randomized trial of
alternating chemotherapy versus best supportive care in advanced
non-small-cell lung cancer. ¥ Clin Oncol 1991, 9, 1453-1461.

Acknowledgements—The authors wish to thank Mrs Monica Viale,
nurse of the out-patient unit of our hospital, and Mrs Anna Cerchietti,
English teacher.



