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Abstract—Nitrosourea derivatives, such as BCNU and CCNU, are considered useful chemother-
apeutic agents in malignant brain tumors combined therapy. Pulmonary toxicity is one of the
major side effects demonstrated both in experimental animal models and in human autoptic
Sfindings. Pulmonary fibrosis is the end point of progressive functional disorder of respiratory
mechanism and alveolo-capillary gas exchanges. Authors present the results of a randomized,
double-blind trial of 40 patients previously treated with surgery and radiotherapy and who
subsequently underwent BCNU therapy for primary intracranial glioma. Patients underwent
Sunctional respiratory examinations at each chemotherapy course interval. Twenty patients received
ambroxol (120 mg/day) for 40 days after chemotherapy course. Control patients received placebo
with the same schedule and showed a significant reduction of pulmonary functional parameters
(DLCO, MMEF, MEF 25%), whereas in the treated group there is no significant variation of
these functional parameters. The mechanism of ambroxol is commonly related to the surfactant
synthesis enhancement and to the action on bronchiolar pathways.

INTRODUCTION
IT 1s weLL known that nitrosourca derivatives,
such as BCNU and CCNU, are considered chem-
otherapeutic agents with proven activity in the
adjuvant treatment of human malignant brain
tumors [1]. Side-effects primarily involve the hem-
atopoietic system (lcuko-piastrinopenia) and gas-
trointestinal tract (nausea, vomiting), while liver
toxicity and renal impairment arc not commonly
reported as important complications [2]. Recently,
pulmonary fibrosis has been reported in long-term
survival patients as another feature of clinical tox-
icity of nitrosourea derivatives. Schmidt e/ al. have
demonstrated in a canine experimental model the
genesis of pulmonary toxicity induced by nitro-
sourca compounds (quoted by Durant et al. [3]).
There is evidence of an initial exudative phase
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with characteristic edema and damage of Type I
pneumocytes. Then, it appears, hyperplasia of
Type II pneumocytes, endothelial cells and fibro-
blasts leading to interstitial fibrosis [4]. The patho-
genetical mechanism is still unclear: there is cvi-
dence for a direct toxic effect of cytostatic drug on
nucleic acids [5], or for a possible involvement of
oxidating radicals released by inflammatory and
immuno-effector cells [6]. Recently,
glandins, too, have been investigated as a possible
mediator system of functional damage of Type II
pneumocytes [5, 7]. Anyway, Rosenow defined two
clinical presentations in man [8]: the first an acute,
dose-dependent, eosinophilic-pneumonia-like with
characteristic pulmonary edema, and the second,
a chronic lung disease with progressive structural
changes in the alveolo-capillary junctions evolving
to pulmonary fibrosis. The fibrosis seems to appear
for an estimated cumulative dose over 1500 mg/
m? of BCNU [9]. The first case of pulmonary
toxicity induced by BCNU was desribed by Holoye
el al. [10]. Selker ef al. have reported 14 cases of
autoptic controlled pulmonary fibrosis in patients
treated with nitrosourea derivatives {9]. Other case

prosta-
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reports arc available in literature [3, 11]. Thus
pulmonary fibrosis is a rare complication of a long-
term adjuvant chemotherapy with nitrosourea
compounds, but abnormalities in some functional
parameters, including alveolo-capillary gas exch-
anges, could be detected in a sub-clinical stage of
pulmonary diseasc.

MATERIALS AND METHODS

This randomized, double-blind, controlled study
was designed to verify whether ambroxol (Muco-
solvan, De Angeli Inc., Milan, Italy), a drug
enhancing alveolar surfactant synthesis [12] and
modulating inflammatory cells afflux to alveolo-
capillary structures [13], can play a role in the
prevention of BCNU-induced pulmonary toxicity
in patients treated for malignant brain tumors.
From January 1, 1983 to December 31, 1984, 40
patients, with the diagnosis of malignant glioma
(27 glioblastomas and 13 anaplastic astro-
cytomas), were admitted to the study (Table 1).
Patients underwent surgery at the Neurosurgical
Section of the Department of Surgery, University
of Pavia, Italy. Eligibility criteria included: age
over 20 vyears, pre-operative Karnofsky per-
formance status = 60, anticipated survival time of
at least 6 months, cigarette-smoking history nega-
tive. Patients with previous abnormal pulmonary
function were excluded from the protocol. After
surgery, all patients underwent radiotherapy
(45-50 Gy whole brain plus 10-15 Gy on the
tumoral bed) with megavoltage equipment.
Chemotherapy courses with BCNU (220 mg/m?
i.v.) and clinical and radiological controls were
repcated every 8 wecks. Under basal conditions
(before the beginning of chemotherapy) and at
every chemotherapy course, the following tests
were carried out to evaluate respiratory function:
vital capacity (VC), residual volume (RV), total
lung capacity (TLC), forced expiratory volume in
1sec (FEV 1%), medium-maximal expiratory

Table 1. Clinical characteristics of 40 patients entered into the

study
Ambroxol  Placebo

Randomized patients 20 20
Evaluable patients 18 16
Average age ) 54 57

Range (years) 24-65 27-67
Histopathological diagnosis

Glioblastoma 15 12

Anaplastic astrocytoma 5 8
Average chemotherapy courses 6 6

Range 3-10 3-9
Average dose BCNU (mg/m?) 1290 1300
Average survival (weeks) 54 56

flow (MMEF), maximal expiratory flow at 25%
of vital capacity (MEF 25%), diftfusing capacity
for carbon monoxide (DLCO), diffusing capacity/
ventilation (DLCO/V) with the Ogilvie’s method
[14] and blood gases analysis. Drug-induced tox-
icity was assessed every 8 wecks with analysis of
hematological parameters, renal and liver func-
tional examinations. Twenty patients werc ran-
domized for ambroxol treatment (40 mg orally, 3
times a day, for 40 days, starting at day 10 after
chemotherapy course). Twenty control patients
received placebo following the same schedule. Pati-
ents were considered as evaluable after, at least, 3
respiratory functional tests (T3). The analysis of
cach functional parameter was referred to the pre-
operative basal control (T).

RESULTS

Clinical characteristics of patients entered into
the study are reported in Table 1. Pre-operative
Karnofsky performance status was 60 in 5 cases
of both groups; duration of follow-up from date of
surgery ranged between 7 and 22 months. Actu-
arial survival rate at 12 months after surgery was
68.5% with a median survival time of 16.5 months.
Toxic effects from chemotherapy were mostly nau-
sea and vomiting, leukopenia and throm-
bocytopenia, without differences from our previous
experiences [1, 2, 15]. In no cases did chest radio-
graphs demonstrate signs of pulmonary fibrosis.
Chemotherapy courses ranged between 3 and 10
(average 6), without significant differences in the
two treated groups. The average dose of BOUNU
was 1290 mg/m? in the ambroxol treated group
and 1300 mg/m? in the control group. Six paticnts
were excluded because of post-operative scvere
morbidity. Of 34 evaluable patients, 18 were tre-
ated with ambroxol and 16 with placebo. The
average age of patients was 56 years (range
24-67). In two cases ambrexol doses were reduced
because of the appearance of skin rashes. In both
groups of patients, the average number of pul-
monary functional examinations was 6. Table 2
reports the results of pulmonary functional exam-
inations as a percentage of reduction, referred to
the basal values (T,). Figures 1, 2 and 3 report the
functional respiratory parameters-trend of DLCO,
MMEF and MEF 25% which show a significant
decrease in the control group (P < 0.01), in com-
parison to the ambroxol-treated group. No other
significant variation on respiratory parameters was
observed.

DISCUSSION
Selker et al. reported an overall incidence of 14%
of symptomatic pulmonary toxicity in patients tre-
ated with nitrosourea derivatives [9]. Durant ef al.
reported a lower incidence of pulmonary fibrosis
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Table 2. Results of functional respiratory parameters expressed as % of variation as compared

to basal control (T,)
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Respiratory
parameters T, T, T, T, T,
MMEF Ambroxol —0.85 -13.7 =59 —-4.2 -4.9
S.E. 6.78 4.87 5.33 419 4.02
Placebo -15.8 —23.1 —-26.0* —30.2 —38.9+%
S.E. 7.22 8.13 7.20 6.89 6.50
MEF 25% Ambroxol +6.60 -7.2 -13.3 -3.1 -5.1
S.E. 9.53 6.83 8.23 6.50 5.63
Placebo -9.70 —29.8* —34.9* —38.8t —45.5%
S.E. 1.57 6.27 6.99 6.62 5.28
D, CO Ambroxol -25.8 -339 -325 -30.0 ~28.4
S.E. 3.15 4.54 3.87 3.86 3.33
Placebo -215 -325 -41.9 -41.6 =52.1%
S.E. 6.17 5.04 4.51 4.91 4.25
FEV 1 Ambroxol —-7.31 -18.0 —15.5 —18.6 —18.0
S.E. 3.82 4.90 3.84 4.55 6.00
Placebo -12.7 =179 -19.2 —22.0 -23.7
S.E. 6.12 6.46 5.63 7.33 9.51
FEV 1% Ambroxol +9.7 +5.2 +3.13 +12.8 +12.5
S.E. 1.68 4.11 4.26 5.80 25
Placebo -0.2 —4.1 ~2.0 -5.7 —12.2*
S.E. 6.25 6.43 5.91 6.62 8.38
Ccv Ambroxol -19.23 -19.54 —15.31 -19.00 —18.62
S.E. 4.03 3.39 2.89 2.89 2.82
Placebo —14.62 -17.15 —22.00 —21.46 -23.77
S.E. 3.05 2.75 2.81 3.51 3.87
*P 0.05 between ambroxol-treated group and placebo group.
tP 0.01 between ambroxol-treated group and placebo group.
All differences evaluated with U-test (Mann-Whitney).
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Fig. 1. DLCO-trend evaluated as %o as compared to basal values (T,).

(1.1%) in 794 patients [3]. In our previous experi-
ence, the incidence of pulmonary fibrosis in long-
term administration of nitrosourea derivatives was
estimated as 0.8%. The results of our investigation
suggest the existence of sub-clinical lung impair-
ment possibly evolving to major complications
such as pulmonary fibrosis. In our series clinical
findings and respiratory parameters in placebo-
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Fig. 2. MMEF-trend evaluated as % as compared to basal values (T,,).

P

treated group are quite similar to those reported
by Comis ef al. which emphasize DLCO evaluation
as an early impairment parameter of drug-induced
pulmonary toxicity due to bleomycin [16]. In our
patients pulmonary impairment becomes generally
significant after at least 3 chemotherapy courses
and depends on BCNU administered dose/m?. Pul-
monary abnormalities depend on two different fac-
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Fig. 3. MEF 25%-trend evaluated as % as compared to basal values
(To).

tors: alveolo-capillary lesions and bronchiolar
obstruction mechanism. In pulmonary fibrosis gas
exchanges are abnormal because of an inhomo-
geneous ventilation: DLCO measurement dem-
onstrates, in control patients treated with BOCNU,
a marked progressive and significant reduction
(P < 0.01) after 5 and 6 chemotherapy courses, if
compared to basal control T, (Fig. 1). These data
suggest a reduced diffusing capacity (lower CO
alveolar transport), as a typical effect of the chem-
otherapeutic agent on the alveolo-capillary surface.
In the carlier respiratory controls (T,-T,) avail-
able data demonstrate a slower impairment in both
groups of patients. In ambroxol-treated patients,
DLCO shows an initial decrease followed by sta-
bilization of median values (Fig. 1): this suggests
the protective role of ambroxol “slowing down” the
functional impairment (Table 2). On the other
hand, the bronchiolar diameter is the other import-

ant feature influencing respiratory paramcters,
particularly MMEF and MEF 25%. In the pla-
cebo-treated group MMEF shows a significant
gradual reduction. Our patients treated with
ambroxol do not show the early impairment in
MMEF (Fig. 2). The mechanism of ambroxol on
Type Il pneumocytes is commonly related to sur-
factant synthesis enhancement, but implies also
an action on bronchiolar pathways and a marked
reduction of inflammatory and immuno-effector
cells [12, 17, 18], as shown in experimental models
of bleomycin-induced lung discase. According to
Comis and Luursema [16, 19], data regarding
static respiratory parameters are not significantly
different in the two groups of patients (Table 2).
In our ecxperience, also, the evaluation of MEF
25% is a sensitive parameter indicating bron-
chiolar obstruction (Fig. 3). In the placebo-trecated
group there is a significant percentage of reduction
of this parameter at T, and T5 (8-10 months after
the beginning of chemotherapy) as compared to
the ambroxol-treated patients in which the same
paramcter-trend could be considered in a steady-
state (Fig. 3). In conclusion: DLCO, MMEF and
MEF 25% are the most important respiratory par-
ameters which have to be evaluated in patients
undergoing chemotherapy with nitrosourea deriva-
tives with the aim to detect and prevent sub-clini-
cal pulmonary toxicity. In our series no cases of
pulmonary fibrosis is shown, either in the placebo
group, or in the ambroxol-treated group, but in
the latter group there is no significant variation in
functional parameters: these results suggest the
role of ambroxol against pulmonary changes
induced by long-term administration of nitrosourea
derivatives.
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