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Abstract. A total of 44 patients with previously untreated, 
non-resectable non-small-cell lung cancer (NSCLC) were 
treated with 4'-iodo-4'-deoxydoxorubicin (IDX), which is 
an analogue of doxorubicin with less cardiotoxicity. 
Patients received 80 mg/m2 i.v. every 3 weeks. Dose re- 
ductions were carried out for haematological toxicity. Re- 
sponse was assessed prior to each treatment according to 
WHO criteria. Among the 43 evaluable patients, 1 (2%; 
95% confidence limits, 0 -  8%) achieved a partial response. 
Leucocytopenia of WHO grade 3 or 4 occurred in 64% of 
patients and corresponding thrombocytopenia grade 3 or 4 
occurred in 30%. Of the 26 patients who were evaluated by 
measurements of  the left ventricular ejection fraction 
(LVEF), 4 had a decline in LVEF of more thau 15%, and 
2 patients developed congestive heart failure. Myocardial 
biopsies were not done. In conclusion, IDX is not active in 
NSCLC at the applied dose and on the schedule used. 
Moreover, it does not seem possible to increase the dose 
intensity further due to the observed toxicity. 

IDX is less cardiotoxic than doxorubicin when tested in 
rodent models [2]. The results of  two phase I trials indicate 
that the major toxicity is myelosuppression, especially leu- 
copenia, whereas other toxic effects are not pronounced 
[ 1, 8]. The maximum tolerated dose in these studies ranged 
from 70 [1] to 80 mg/m2 [8] given i.v. every 3 weeks. 

In a recent European Organization for Research and 
Treatment of Cancer (EORTC) study showing a response 
rate of 6% among 17 evaluable NSCLC patients, a dose of 
70 mg/m 2 was given i. v. every 3 weeks [15]. Patients with 
breast cancer were included in the study and, interestingly, 
a 3-fold difference in objective response rates to IDX were 
observed between the EORTC trial and another breast 
cancer trial employing an IDX dose of 80 mg/m 2 [9]. Thus, 
the difference in response rates observed among breast 
cancer patients as well as the low activity noted in NSCLC 
may be due to differences in dose intensity, and a higher 
activity might be achievable in patients with NSCLC if the 
dose intensity were increased to 80 mg/m 2 every 3 weeks. 
The present study represents a further phase II assessment 
of IDX in patients with previously untreated NSCLC using 
a dose of 80 mg/m 2. 

Introduction 

Non-small-cell lung cancer (NSCLC) is rather chemore- 
sistant, and only a few cytotoxic drugs have shown activity 
in this disease [18]. More effective treatment is needed, 
and several investigative groups have in recent years eval- 
uated new cytostatic agents in NSCLC patients [17]. 
The anthracycline analogue 4'-iodo-4'-deoxydoxorubicin 
(IDX) is such a new cytostatic agent, being a doxorubicin 
analogue with an iodine atom in the position 4'. The drug is 
highly cytotoxic to murine and human cell lines in vitro, 
including cell lines resistant to doxorubicin [2]. In addition, 
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Patients and methods 

Patients with histologically confirmed NSCLC who had not previously 
undergone chemotherapy were recruited into the study. All patients were 
required to have inoperable disease that was either measurable (bidimen- 
sionally measurable) or evaluable (unidimensionatty measurable), to be 
75 years of age or younger and to exhibit both a performance status of 50 
or better on the Karnofsky Performance Status scale and adequate pre- 
treatment cardiac function as determined by measurement of the left 
ventricular ejection fraction (LVEF), renal function (serum creatinine, 
<130 pmol/1), liver function (bilirubin, <20 ~tmol/1) and haematological 
parameters (WBC, >3 • 109/1; platelet count, > 100 x 109/1). Patients were 
excluded if they had central nervous system metastases, a history of any 
other previous malignancy (other than basal-cell skin carcinoma or in situ 
cervical cancer), active infection, congestive heart failure or significant 
arrythmia. 

The treatment schedule consisted of IDX given at 80 mg/m 2 by i.v. 
bolus infusion every 3 weeks. Haematological dose modifications were 
based on WBC and platelet counts, and the dose was either increased or 
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Table 1. Patients' characteristics 

Characteristics Number of patients 

Total number included 44 
Evaluable patients 43 

Sex: 
M 22 
F 21 

Performance status (Karnofsky scale): 
90 -  100 2O 
7 0 -  80 19 
5O-60 4 

Histolog: 
Squamous-cell carcinoma 10 
Adenocarcinoma 24 
Large-cell carcinoma 7 
Adenosquamous carcinoma 2 

Stagea: 
IIIa 10 
IIIb 24 
IV 9 

Measurability of tumour: 
Bidimensionally measurable 27 
Unidimensionally measurable 16 

Results  

F r o m  January 1990 to Apr i l  1991, a total of  44 patients 
fulf i l led the inclusion cri ter ia  and were entered into the 
study. The pre- t rea tment  character is t ics  of  the patients are 
l isted in Table  1. As  1 pat ient  d ied of  a pu lmonary  em- 
bo l i sm on day 1 of  the first t reatment  course,  43 patients 
were evaluable  for  response  and toxicity.  A total o f  
188 courses of  IDX were given (median,  4 courses/patient;  
range,  2 - 1 0  courses/patient) .  The med ian  cumulat ive  IDX 
dose was 304 rag/m2 (range, 1 3 7 -  816 mg/m2). 

Response 

Of  the 43 patients evaluated for response,  1 achieved a 
part ial  response  (2%; 95% conf idence  l imits,  0 - 8 % )  that 
lasted 8 weeks.  No pat ient  had a comple te  response,  29 
showed no change (35%) and 13 deve loped  progress ive  
disease  (63%). The median  survival  was 21 weeks  (range, 
5 - 1 3 1  weeks),  and all patients were dead  at the t ime of  
data  retrieval.  No pat ient  was lost  to fol low-up.  

a Staging according to Mountain [10] 

Toxicity 

Table 2. Percentage of patients developing toxicity a 

Toxicity WHO grade 

0 1 2 3 4 

Leucocytopenia 5 19 12 32 32 
Thrombocytopenia 56 14 0 16 14 
Nausea and vomiting 48 19 9 12 2 
Mucositis 82 9 2 7 0 
Alopecia 93 7 0 0 0 
Drug-related infection 72 7 12 7 2 

a The worst WHO-grade toxicity observed during any treatment cycle 

decreased so as to achieve a WBC nadir or WHO grade 3 (WBC, 
1.0-1.9x 109/1). The LVEF was evaluated by multiple ECG-gated 
radionuclide cineangio-cardiography (MUGA) or by echocardiography 
after cumulative IDX doses of 250 and 400 mg/m 2 and then before each 
treatment course. Treatment was discontinued in patients who had a 
decline in LVEF of 15 % in absolute values or a decline to 10% below the 
normal lower limit (LVEF, 0.50) during the study. 

Patients were reviewed weekly for toxicity during the first two 
courses and then every 3 weeks, whereas the response was evaluated 
every 3 weeks throughout the study. Treatment was discontinued when 
objective evidence of disease progression or severe toxicity was ob- 
served. Non-responding patients had the treatment stopped after six 
courses of treatment, whereas in the case of a response the treatment was 
continued for a maximum of 1 year or until disease progression. 

WHO criteria [193 were used in response assessment and evaluation 
of toxicity. The duration of response was calculated from the date of the 
first observation of a response until disease progression or death. In 
unidimensionally measurable lesions, a partial remission was defined as 
a definite decrease in the size of the lesions of at least 50% as evaluated 
by two observes and with a duration of at least 4 weeks. Informed 
consent was obtained and the study was approved by the regional ethics 
committee. Confidence intervals were calculated according to the meth- 
od of Simon [16]. 

Table  2 shows the worst  toxici ty  encountered during the 
t reatment  according to W H O  grade.  The most  c o m m o n  
toxici ty  was leucocytopenia ,  with 95% of  patients ex- 
per iencing  grade 1 - 4  toxic i ty  at some point  o f  their  treat- 
ment  and 64% exper iencing grade 3 - 4  toxicity.  There 
were 5 cases o f  infect ion during leucocytopenia ,  but  no 
septic death occurred.  Four  patients deve loped  b leeding  
during th rombocytopenia ,  and in three cases t reatment  was 
s topped due to p ro longed  th rombocy topen ia  after three 
courses and a cumulat ive  IDX dose o f  222 m g / m  2, four 
courses and a cumula t ive  dose o f  313 mg/m2 and six 
courses and a total dose  o f  484 m g / m  2, respect ively.  
Nausea  or vomi t ing  occurred in 52% of  the pat ients  and 
was modera te  to severe in 33% of  cases. Mucosi t i s  was less 
frequent  (18% of  the patients)  and a lopecia  was rare, with 
min imal  hair  loss occurr ing in 7% of  our patients.  

Cardiac  toxic i ty  was evalua ted  by  repeated  measure-  
ments  of  LVEF,  and the results  are shown in Table  3. 
Measurement  of  L V E F  after IDX treatment  was not  done 
in seven patients because  of  a low per formance  status due 
to progress ion  of  the mal ignant  d isease  without  c l inical  
signs of  heart  failure. A m o n g  the 26 patients in whom the 
evaluat ion of  L V E F  was possible ,  38% had no decrease  at 
all, 46% had a minor  decrease  (from 0 to 15% decl ine  f rom 
the init ial  value) and 16% (4) o f  the patients had a major  
drop in L V E F  corresponding to a decl ine  o f  more  than 15% 
f rom the basel ine  value.  The drop in L V E F  in these 
4 patients occurred after a median  of  5 courses of  t reatment  
(range, 3 - 8  courses)  and a median  cumula t ive  IDX dose 
of  364 mg/m2 (range, 2 7 0 - 6 1 4  mg/m2). In two of  these 
patients,  t reatment  was d iscont inued due to the decrease  in 
LVEF,  whereas  the two other pat ients  had prev ious ly  had 
their  t reatment  interrupted and were  detected at fo l low-up.  
The  L V E F  fell  be low the lower  normal  l imi t  (LVEF,  0.50) 
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Table 3. Cardiac toxicity occurring during IDX treatment 

Cardiac evaluation Number of patients (%) 

Congestive heart failure 2 (5%) 

LVEF: 
No decrease 10 (38%) a 

0-  5 % decrease 7 (27 %)a 
6-10% decrease 2 (8%) 

11 - 15% decrease 3 (12%) a 
>15% decrease 4 (15%) a 
Not done 17 

a Percentage of patients among the group evaluated for LVEF 

in six cases (median, 0.45; range, 0.41-0.49).  After the 
cessation of IDX treatment, two patients developed con- 
gestive heart failure which in both cases responded well to 
diuretic treatment. The presence of extensive lymphangitis 
carcinomatosis and tumour irradiation including the medi- 
astinum, respectively, may have contributed to the heart 
failure in these two patients. Myocardial biopsies were not 
obtained in any of these patients. 

In all, 15 of 44 patients (34%) received IDX at a re- 
duced dose at some point during the treatment period due 
to toxicity. In 20 of 188 courses (11%) the dose was re- 
duced from that originally intended. 

Discuss ion 

The activity of  IDX against NSCLC in this study is low and 
confirms in a larger group of patients the observations 
previously made by Sessa et al. [15]. The use of a stipu- 
lated dose of 80 mg/m 2 and treatment for six com'ses in the 
absence of  progressive disease made the present therapy 
more intensive than that in the former study,which em- 
ployed 70 mg/m 2 for three courses. This was reflected in 
the median number of  treatment courses and the median 
cumulative IDX dose, which were four courses and 
304 mg/m2 in the present study and two courses and 
140 mg/m a in the study by Sessa et al. [15]. The higher 
IDX dose did not result in a higher anti-tumour activity, but 
the toxicity was somewhat increased. The proportion of 
patients experiencing leucocytopenia of  W H O  grade 3 or 4 
was nearly doubled, being 39% and 64%, respectively, in 
the two studies. Also, the occurrence of thrombocytopenia 
of WHO grade 3 or 4 in 30% of the patients suggests that it 
is not possible to increase the dose intensity further. 

The occurrence of possible cardiac toxicity in 6 of  
27 patients (22%), who in 2 cases developed congestive 
heart failure, was also somewhat higher than that en- 
countered in the EORTC trial, in which only 1 of 
61 patients experienced a significant decrease in LVEF 
[15]. However,  a more detailed evaluation of the acute and 
chronic cardiac toxicity of  IDX was not possible, as myo- 
cardial biopsies were not performed because the primary 
purpose of the regular assessment of LVEF was to protect 
the patients against potential cardiomyopathia. 

Although the anthracyclines are one of the most active 
classes of chemotherapy drugs [5], doxorubicin has been 

shown to have only limited activity in NSCLC when given 
as a single agent, with the overall response rate being 12% 
(95% confidence limits, 9 % -  16%) in trials including 296 
evaluable patients [4, 14]. In an attempt to increase this 
activity, several analogues of  doxorubicin have in recent 
years been evaluated in patients with NSCLC. Pirarubicin 
is a semisynthetic 4'-O-tetrahydropyranyldoxombicin, 
which is more lipophilic than the parent compound doxoru- 
bicin. Its activity has been found to be similar to that of 
doxorubicin, with the overall response rate being 13% 
(95% confidence limits, 6 % - 2 3 % )  among 75 previously 
untreated NSCLC patients treated in 2 studies [3, 7]. 

Another analogue of doxorubicin that is pharmacologi- 
cally close to IDX is 4'-deoxydoxorubicin (DXDX). Like 
IDX, this compound lacks the hydroxyl group on the 4'- 
carbon of the aminosugar and is also of clinical interest 
because of its lower cardiotoxicity as compared with the 
parent compound. However, its anti-neoplastic activity 
has been scarce, with a cumulative response rate of 5% 
(95% confidence limits 2 % - 1 0 % )  being obtained among 
146 previously untreated NSCLC patients in 3 studies 
[6, 12, 131. 

Epirubicin, which is structurally different from the 
parent compound doxorubicin only in the epimerization of 
the hydroxyl group at the 4 '  position of the daunosamine 
moiety, has yielded in 9 studies a response rate of  6% (95% 
confidence limits, 4 % - 9 % )  among 296 patients, of whom 
183 were previously untreated [11]. Some of these studies 
suggest that epirubicin and doxorubicin are equally active 
when given in equitoxic doses [ 11 ]. 

Thus, to date it has not been possible to enhance sub- 
stantially the limited anti-neoplastic activity of doxorubi- 
cin in NSCLC by semisynthetic modulation of the original 
compound as shown in the clinical results obtained using 
epirubicin, pirarubicin, DXDX or IDX. In conclusion, IDX 
has minimal activity in NSCLC and considerable haemato- 
logical toxicity that precludes further dose escalation 
without the use of  haemapoetic growth factors. In addition, 
the data obtained in this study suggest that the administra- 
tion of IDX is limited by some cardiotoxic effects. These 
findings render IDX unsuitable for further investigation in 
NSCLC patients using the present dose and schedule. 
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