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Cough is a frequent symptom in patients with lung can-
cer [1, 2], regardless of the histological type [1, 3]. Cough
is more distressing in patients who continue to smoke and
tends to worsen inexorably with time [4]. Chemotherapy
can reduce cough in approximately two-thirds of patients
[5], but the effect is short and does not persist after therapy
discontinuation [6]. Moreover, cough is not even relieved
by palliative treatment in most patients [2, 4]. Therefore,
to improve the quality of life of patients with neoplastic
cough, it is often necessary to administer antitussive ag-
ents.

Opioid drugs such as codeine derivatives, although fre-
quently used in the management of cough in these pati-
ents, have relevant effects on cognitive and psychomotor
function [6, 7]. These antitussive drugs act by directly
modulating the central mechanisms of cough, an effect
possibly mediated through an increase in 5-hydroxy-trypt-
amine (5-HT) release in the brain stem [8]. Although opi-
oids are still widely used in the management of cough in
patients with lung cancer, it is certain that drugs acting on

peripheral mechanisms of cough and with poor or absent
central activity should be preferable in the treatment of
neoplastic cough.

Levodropropizine, a phenylpiperazinopropane deriva-
tive, is the (-) enantiomer of dropropizine. This nonopioid
compound is effective against cough induced by different
agents in animal models [9, 10]. Several experimental
evidences indicate that levodropropizine acts through a
peripheral mechanism, mainly involving modulation of
sensitive C-fibre activity [11]. This mechanism of action
might account for the pharmacological profile observed in
clinical practice. Indeed, levodropropizine proved to be an
effective drug against cough associated with different lung
diseases in both children and adults [11–13], while being
generally devoid of central side-effects.

In this study, we examined the efficacy and safety of a
short-term treatment with levodropropizine compared to
dihydrocodeine rhodanate in patients affected by persis-
tent nonproductive cough due to primary lung cancer or
metastatic cancer to the lungs.
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ABSTRACT: Nonproductive cough is a frequent and distressing symptom in patients
with lung cancer, and it is not even relieved by palliative chemotherapy. 

A double-blind, randomized clinical trial regarding the treatment of nonproduc-
tive cough was performed in 140 adults with primary lung cancer or metastatic can-
cer of the lungs. The therapeutic efficacy and the tolerability of a 7-day treatment
with levodropropizine drops (75 mg t.i.d.) were evaluated in comparison with dihy-
drocodeine drops (10 mg t.i.d.; 7 days). Efficacy was assessed on the basis of cough
severity scores, number of night awakenings due to cough, and overall estimate of
antitussive efficacy. Tolerability was evaluated by laboratory results, vital signs and
any adverse event occurring during the clinical trial, including presence or absence of
somnolence.

Subjective cough severity was significantly reduced during treatment with either
levodropropizine and dihydrocodeine, the antitussive effect and its time-profile being
similar for both drugs. Also, according to the investigator's evaluation, both levodro-
propizine and dihydrocodeine produced a significant decrease in cough severity. Con-
currently with the relief of cough, the number of night awakenings was decreased
significantly by both drugs, with no difference between the two treatments. No cha-
nge in laboratory test values was considered clinically relevant, and vital signs were
not clinically affected. The number of patients reporting adverse events was similar in
the levodropropizine (n=6) and dihydrocodeine (n=4) group. However, the percent-
age of patients experiencing somnolence in the group receiving levodropropizine
(8%) was significantly lower as compared with that of the dihydrocodeine group
(22%).

These results confirm the antitussive effectiveness of levodropropizine and suggest
a more favourable benefit/risk profile when compared to dihydrocodeine.
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Methods

Population

We selected in- and outpatients of either sex older than
18 yrs, with a diagnosis of unilateral or bilateral, primary
lung cancer or metastatic cancer to the lungs. Patients with
a documented history of lung cancer who developed per-
sistent, nonproductive cough were enrolled if they demon-
strated at least 5 coughs·h-1.

Exclusion criteria were: presence of productive cough;
presence of other diseases causing cough such as bronch-
ial asthma, bronchiectasis, tuberculosis, heart failure; and
treatment with other antitussives, angiotensin-converting
enzyme (ACE) inhibitors, antihistamines, systemic seda-
tives, or mucoactive drugs.

The study was conducted in agreement with the Euro-
pean Economic Community (EEC) Guideline on Good
Clinical Practice (GCP), and the protocol was approved by
an independent Regional Ethics Committee and by the
Local Ethics Authority of each hospital. Before enrolment,
signed or witnessed informed consent to participate into
the study was obtained by each patient.

Study design

We conducted a multicentre, parallel group, double-
blind study. After the preliminary evaluation, patients were
randomized to treatment with levodropropizine (Levotuss®,
Dompé Farmaceutica, Milan, Italy, 6% oral drops) or di-
hydrocodeine rhodanate (Paracodina®, Knoll Farmaceu-
tica, Milan, Italy, 1% oral drops). Daily administered doses
were equal to 75 mg (25 drops) t.i.d. of levodropropizine
and 10 mg (25 drops) t.i.d. of dihydrocodeine. Each dose
was scheduled at 6 h to 8 h intervals (between 07:00 and
09:00 h, at 15:00 h and between 21:00 and 23:00 h). The
dose of dihydrocodeine (10 mg t.i.d.) was set on the basis
of the therapeutic recommended daily dosage. To keep the
two treatments indistinguishable as per the number of
drops dispensed, the dose of levodropropizine (75 mg
t.i.d.) was slightly higher than the recommended dose (60
mg t.i.d.). Treatments were administered for 7 days, a per-
iod that allowed sufficiently accurate estimate of drug effi-
cacy in patients with such severe disease.

Efficacy

Efficacy was assessed on the basis of cough severity
graded by both the patients and the investigators accord-
ing to the following five-point scale: 1 for absent (0–1
cough·h-1); 2 for mild (2–4 coughs·h-1); 3 for moderate (5–
10 coughs·h-1); 4 for severe (11–20 coughs·h-1); and 5 for
very severe (>20 coughs·h-1) cough. In particular, the
number of coughs was recorded by the patient for five
consecutive hours, either immediately after the first or
second daily dose, and by the investigator after observing
the patients for 15 min. The cough severity was evaluated
at baseline, and on days 1, 3 and 7 during treatment. Pati-
ents also recorded the number of night awakenings due to
cough before treatment and on days 1, 3 and 7 during
treatment.

At the end of the 7-day treatment, about two-thirds of
the patients and their investigators were asked to give an
overall estimate of the antitussive efficacy of the treatment
according to the following four-point scale: worsening of
cough; no change in cough; improvement of cough; and
disappearance of cough.

Safety

The primary variable for safety was the presence of
somnolence, defined as a decrease of the waking status
during the day and monitored by specific questioning (no
daytime somnolence; mild daytime somnolence; and sev-
ere daytime somnolence).

The secondary variables for safety were data on haema-
tology, blood chemistry, urinalysis, blood pressure and
heart rate, recorded before entry and at the end of treat-
ment. Any adverse event was also recorded throughout the
study period.

Statistical analysis

The appropriate descriptive statistics were performed
on all collected variables to describe the sample. To en-
sure homogeneity between the two treatment groups, a χ2

test or Student's t-test was applied.
Cough severity and the number of awakenings at night

were analysed by ANOVA (split-plot model). For the lat-
ter parameter, only data from patients with at least one
wakeup at baseline were considered. The presence of som-
nolence was analysed by the χ2 test. Missing data were
processed as such, since no replacement of the missing
values was considered appropriate without introducing a
bias in the treatment evaluation. All data were analysed
according to intention-to-treat criteria (all patients rand-
omized), except for results on somnolence, which were
also analysed according to per-protocol criteria (only pati-
ents compliant with major protocol procedures).

Results

A group of 140 patients was enrolled in the study: 69
patients were randomized to levodropropizine and 71 to
dihydrocodeine. Two patients in each group did not take
any study medication; five other patients in the levodro-
propizine group and three patients in the dihydrocodeine
group were withdrawn before 6 days of treatment. One
patient randomized to levodropropizine (mammary carci-
noma with mediastinal metastasis) and three patients ran-
domized to dihydrocodeine (two pleural mesothelioma,
one mammary carcinoma with bone metastasis and lym-
phangitis) were included in the deviation of inclusion cri-
teria for underlying pathology. All these patients were
excluded from the per-protocol analysis. Patients' charac-
teristics at baseline are shown in table 1. More males than
females were included, as expected, in agreement with the
prevalence of lung cancer. Most of the patients within
both levodropropizine and dihydrocodeine groups (bet-
ween 70–80%) were affected by primary lung cancer,
including small and nonsmall cell lung cancer. The two
treatment groups were homogeneous as regards to all
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demographic data and baseline features, except for sex
distribution (p<0.05, χ2 test).

Multiple antineoplastic therapy was administered dur-
ing the study period in 12 patients receiving levodropro-
pizine and in 10 patients on dihydrocodeine. Such therapy
was administered in the previous 3 months before entry
into the study in 15 and three patients randomized to levo-
dropropizine and dihydrocodeine, respectively. Roentgen-
therapy was performed during the study period in three
levodropropizine patients and in two dihydrocodeine pati-
ents; it was performed in the previous 3 months in two
patients on dihydrocodeine.

The trend in cough severity score as graded by the pat-
ients is reported in figure 1. Cough severity was signifi-
cantly reduced (p<0.05) in both groups and the effect
tended to increase with time. The time profile of cough
amelioration was similar with both treatments. The trend
in cough severity as judged by the investigators confirmed
the patients' subjective evaluation since, also according to
the investigators, both treatments produced a similar and
significant decrease in cough scores (p<0.05) during time,
with no significant difference between treatments (fig. 2).

In parallel with the positive effect on cough severity, the
number of awakenings during the night in those patients
with at least one night wakeup at baseline, significantly
decreased (p<0.05) in both groups, with a similar time
profile (table 2).

The overall final estimate of the efficacy further sup-
ported the antitussive activity of the two drugs. According
to the patient's or investigator's judgement, cough disap-
peared in five (11%) or three (7%) patients receiving lev-
odropropizine, and improved in 30 (67%) or 33 (73%).
Corresponding figures for the dihydrocodeine group were
five (12%) or three (7%) patients with cough disappear-
ance and 31 (76%) or 34 (83%) with cough improvement,
according to the patient's or investigator's judgement,
respectively.

Somnolence was reported to be present in five out of 66
patients treated with levodropropizine and in 15 out of 69
patients treated with dihydrocodeine. The percentage of
patients reporting somnolence was significantly higher

Table 1.  –  Demographic and baseline characteristics

Parameter Levodrop.
mean±SD

Dihydrocode.
mean±SD

Patient  n
Sex  M/F n (%)

Age  yrs
Weight  kg
Height  cm
Smokers  n (%)
Underlying pathology  n (%)

Primary lung cancer
Metastatic cancer to the
    lungs
Other

Neoplastic disease duration 
months

Surgical intervention  n (%)
Cough symptom duration 

days
Cough severity score  
  Patient

Investigator
Night awakenings

69
59/10

(85.5/14.5)
62±9

67±11
167±7

10 (14.5)

54 (78)
14 (20)

1 (1)
15.1±29.1

20 (29)
65.1±96.7

3.7±0.6
3.8±0.7
1.4±1.9

71
48/23

(67.6/32.4)
64±10
64±10
166±8

10 (14.1)

53 (75)
15 (21)

3 (4)
16.8±23.3

25 (35)
40.5±41.7

3.7±0.6
3.8±0.7
1.1±1.5

The two groups were homogeneous as regards all demographic
data and baseline features, except for sex distribution (p<0.05,
χ2 test). Levodrop.: levodropropizine; Dihydrocode.: dihydroco-
deine; M: male; F: female.
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Fig. 1.  –  Cough severity graded by the patient. Values represent the mean±
SEM from all available data within the levodropropizine (n=58–67, ●) and
dihydrocodeine (n=64–68;  ❏) groups. Cough severity score significantly
decreased (p<0.05) during time with both treatments, without significant
difference between treatments.
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Fig. 2.  –  Cough severity graded by the investigator. Values represent
the mean±SEM from all available data within the levodropropizine (n=58–
69,  ● ) and dihydrocodeine (n=65–70;  ❏ ) groups. Cough severity score
significantly decreased (p<0.05) during time with both treatments, without
significant difference between treatments.
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Table 2.  –  Night awakenings in patients with at least one
night wakeup at baseline

Study
day

Levodropropizine Dihydrocodeine

n mean±SD n mean±SD

Baseline
Day 1
Day 3
Day 7

35
34
34
30

2.7±1.9
2.4±2.6
1.4±1.7
1.2±1.7

30
29
29
27

2.5±1.3
1.6±1.2
0.6±0.9
0.6±1.1

Significance was tested by ANOVA: treatment NS; day p<0.05;
and treatment x day NS.
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in the dihydrocodeine group (22%) than in the levodro-
propizine group (8%; p<0.05; fig. 3). No severe som-
nolence was recorded after treatment with either drug.
Per-protocol analysis confirmed the higher prevalence of
somnolence in patients receiving dihydrocodeine (15
out of 63, 24%) as compared with patients treated with
levodropropizine (5 out of 60, 8%; p<0.05 versus dihy-
drocodeine). Concomitant medications known to induce
somnolence were taken by three patients in the levodro-
propizine group and by four patients in the dihydroco-
deine group.

Blood pressure, heart rate and laboratory tests did not
change significantly during treatment in either group.
Adverse events were reported in six patients treated with
levodropropizine and in four patients treated with dihy-
drocodeine, including two deaths (one in each group)
related to the underlying disease. In the former group, ad-
verse events included vomiting, diarrhoea and epigastric
pain, all judged to be in doubtful correlation with the
study drug except for vomiting in one patient possibly
related to the treatment. In the latter group, adverse events
were erythema of the abdomen and epigastric pain, in
doubtful correlation with the study medication, and con-
tinuous somnolence definitely related to the study drug.
Constipation, a potential side-effect of codeine derivati-
ves, was not reported with either dihydrocodeine or levo-
dropropizine. The latter drug is, in any case, not known to
induce such gastrointestinal event.

Discussion

The results of this multicentre, double-blind study dem-
onstrated that levodropropizine reduced nonproductive
cough and night awakenings due to cough in patients with
primary lung cancer or metastatic cancer to the lungs. The
antitussive effect increased with time and was comparable
to that found during treatment with the reference drug,
dihydrocodeine. However, levodropropizine induced sig-
nificantly less somnolence compared to dihydrocodeine.
Finally, this study confirmed that levodropropizine caused
very few side-effects.

Cough, is one of the most common lung cancer-associ-
ated symptom in patients with lung cancer. Nonproduc-
tive cough is often the initial symptom [2, 14], regardless
of its histological type [1, 3] and affects nearly all pati-
ents. Among other factors, cough is certainly important in
determining a patient's quality of life. Cough, haemopty-
sis, dyspnoea and chest pain are the most reliable meas-
ures for assessing both the performing status of patients
and their treatment-related improvement [15].

Although cough is one of the most important defensive
airway reflexes, it can be a very distressing symptom in
patients with lung cancer. The presence of cough often
becomes very disabling, especially in patients with a poor
general condition and in those patients who continue to
smoke. Since cough impairs the normal breathing pattern,
it can become unbearable in patients with breathlessness,
one of the other important clinical problems in lung can-
cer patients [4].

Neoplastic cough can be palliated by different chemo-
therapy regimens [16], by intraluminal radiotherapy [5] or
thoracic radiotherapy in approximately half to two-thirds
of patients with lung cancer. However, when different pal-
liative approaches have been compared, including surgery,
radiotherapy and simple supportive care, it appears that
cough is reduced only in 34% of patients, palliation being
rather poor after surgery [4]. Thus, these patients require
not only specific antitumour treatments but almost invaria-
bly also a symptomatic antitussive therapy.

The frequency of cough in lung cancer and its exhaust-
ing effect have led to the search of an effective, tolerable
and safe therapy. Centrally acting cough suppressants in
current use are usually opiate derivatives that are pre-
sumed to act on the medullary cough centre [6]. Codeine
or codeine derivatives, such as dihydrocodeine, are often
used as standard antitussives against which new drugs are
compared. In this study, we compared the antitussive ac-
tivity of a centrally acting drug, dihydrocodeine, and that
of a new peripherally acting drug, levodropropizine. Both
drugs appeared to be highly and equally effective against
nonproductive cough in patients with primary or meta-
static lung cancer. These conclusions might be limited by
the lack of a placebo control group. However, the aim of
this study was the comparison between two drugs for
which the efficacy has been previously demonstrated in
double-blind, placebo-controlled trials [11, 12, 17]. More-
over, due to the nature of the disease, cough in lung cancer
is a persistent problem that is unlikely to recover sponta-
neously as might be the case for acute respiratory patholo-
gies. Indeed, patients involved in this study had a mean
cough duration of more than 1 month, making it unlikely
that any improvement in cough seen within a few days of
treatment could be attributed to spontaneous relief.

Dihydrocodeine, besides the antitussive activity that is
greater than that produced by codeine [6], also possesses
an analgesic activity. This pharmacological characteristic
is, indeed, linked to its effects on psychomotor as well as
on cognitive functions. It has been found that these effects
tend to diminish once the patient is on a stable dose, al-
though pretreatment levels are not always achieved. A
higher prevalence of somnolence in the dihydrocodeine
group likely reflects this pharmacological activity. How-
ever, the lower somnolence prevalence in the levodro-
propizine group indirectly supports and confirms the
peripheral activity of this antitussive drug [11]. In this
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Fig. 3.  –  Presence of somnolence. Values represent the percentage of
patients reporting somnolence within levodropropizine (    ) and
dihydrocodeine (      ) group (intention-to-treat analysis). The percentage
of patients reporting somnolence during the dihydrocodeine treatment
was significantly higher (*: p<0.05) than in the levodropropizine group.
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regard, it should be noted that additional treatments re-
quired by patients and known to cause somnolence were
equally distributed in both groups. Since side-effects were
similar and trivial in both treatment groups, the results on
somnolence are in favour of a better tolerability of levo-
dropropizine in these patients. Indeed, a few patients trea-
ted with levodropropizine reported the occurrence of
somnolence, which may simply reflect either a deteriora-
tion in the general conditions of the patients or the effect of
additional therapy rather than an effect due to drug intake.

Mechanisms of nonproductive cough associated to lung
cancer likely involve activation of non-myelinated C-
fibres through the mechanical distortion of bronchial air-
ways and/or through the action of bradykinin. In addition,
tachykinines released from C-fibres are able to activate
rapidly adapting receptors [18]. Indeed, bradykinin is com-
monly released by neoplastic cells [19] and neoplastic
cough can be reduced by inhaled cromones through a
blocking effect of bradykinin activity on C-fibres [20]. The
effect of dihydrocodeine seems to be mediated by an in-
crease in 5-HT release in the brain stem [8], whereas the
antitussive activity of levodropropizine is likely due to
peripheral modulation of cough receptor activity. This
effect seems, at least in part, to be mediated by an interfe-
rence with the neuropeptide system [11]. This hypothesis
is supported by the findings that levodropropizine blocks
cough induced in animals [10] and humans [21]  by cap-
saicin, a well-known and selective stimulant for C-fibres.
Moreover, levodropropizine inhibits afferent C-fibre firing
in anaesthetized cats [22] and neuropeptide release from
pulmonary C-fibres in isolated guinea-pig lungs [23].
Thus, it is possible that this mechanism might account
also for the effectiveness of levodropropizine against
cough in pat-ients with lung cancer.

In conclusion, this study demonstrated that levodropro-
pizine and dihydrocodeine were equally effective in relie-
ving nonproductive cough in most patients with primary
lung cancer or metastatic cancer to the lungs. Side-effects
were also comparable, with the exception of somnolence
that was reported less frequently during levodropropizine
than during dihydrocodeine treatment.

Participating investigators: G. Luporini, M. Clerici, Divi-
sione di Oncologia Medica, Ospedale S. Carlo Borromeo, Mil-
ano; E. Marchi, Centro per lo Studio delle Broncopneumopatie
Senili, Casatenovo (LC); R. Labianca, G. Beretta, Sezione di
Oncologia Medica, Ospedale E. Bassini, Cinisello Balsamo
(MI); S. Barni, Day Hospital - Oncologia Medica, Ospedale S.
Gerardo, Monza (MI); E. Soresi, Divisione di Fisiopatologia
Respiratoria, Ospedale Niguarda Ca' Granda, Milano; R. Rim-
oldi, Divisione di Pneumologia, Ospedale di Circolo, Varese; F.
Berni, Divisione di Pneumologia, Ospedale S.ta Corona, Gar-
bagnate (MI); E. Farina, Divisione di Pneumologia, Ospedale S.
Salvatore, L'Aquila.
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