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ORIGINAL ARTICLE
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1Department of Dermatology, Academic Medical Centre, Minden, Germany, 2University Medical School, Munster,

Germany, 3University Medical School, Bonn, Germany, 4University Medical School, Dresden, Germany, 5Department of

Dermatology, Academic Medical Centre, Erfurt, Germany, 6University Medical School, Freiburg, Germany, 7University

Medical School, Ulm, Germany, 8Department of Dermatology, Municipal Hospital, Hildesheim, Germany, 9University

Medical School, Munich, Germany, 10University Medical School, Magdeburg, Germany, 11Laupheim, Germany, and
12Department of Clinical Virology, University of Göteborg, Sweden

Abstract
In a prospective, controlled, randomised, multicentre study 252 patients with totally resected cutaneous melanoma (248 in
stage II�III and 4 in stage IV) were either treated with two doses of dacarbazine (DTIC) followed by a 6-month treatment
with 3 MU thrice weekly of highly purified natural interferon-alpha (n�/128; arm A) or received no adjuvant treatment (n�/

124; arm B). Treatment was well tolerated. After a median follow-up of 8.5 years ITTanalysis showed that the difference in
survival was statistically significant with respect to melanoma-related deaths (HR�/0.65, CI�/0.46�0.97, p�/0.022) and
close to significance with respect to overall survival (HR 0.71, CI 0.49�1.00, p�/0.052). The risk reduction of melanoma-
associated death, calculated by Cox proportional hazards modelling, after adjusting for identified predictive variables, was
almost 50% (p�/0.002). The overall efficacy of the treatment appeared to be mainly attributable to effects observed in
patients with deep and/or metastasizing tumours (HR 0.60, CI 0.40�0.90, p�/0.013).

The prognosis of patients with cutaneous malignant

melanoma, particularly those with deeply growing

primary tumours and/or local or regional lymph

node metastases (high-risk melanoma), is poor, even

if resection of the primary tumour and lymphade-

nectomy appears successful.

Several adjuvant treatment approaches with re-

combinant interferon alpha 2 (rIFN-a2) have been

tested in clinical studies. Among these, the ECOG

study E1684 (rIFN-a2b) showed improvement in

both relapse-free survival (RFS) and overall survival

(OS) in patients with stage IIb�III tumours when

the rIFN was initially administered intravenously

in very high doses, up to 20 MU/m2/day [1,2].

However, upon long-term follow-up, the survival

benefit observed was not sustained with time [3,4].

Likewise, a trend towards a beneficial effect on OS of

high-dose rIFN-a2a has been observed [5]. Gener-

ally, however, the benefits of high-dose regimens

have been modest and this therapy has caused

significant toxicity, prompting dose reduction, treat-

ment delays or discontinuation in a significant

proportion of patients [1,2]. Preliminary results

obtained after adjuvant treatment with ‘‘intermedi-

ate’’ doses of rIFN-a2b (5�10 MU thrice weekly

after induction therapy with high-dose IFN-alpha)

have not been convincing in terms of OS [6].

Because of the toxicity encountered with high-

dose rIFN-a2 regimen in melanoma patients, low-

dose regimens (usually 3 MU thrice weekly) have

also been attempted as an alternative. Such regimens

have generally had limited success [2,7,8] although
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some investigators have reported significant prolon-

gation of relapse-free survival (RFS) in patients in

the non-metastasized tumour stages [9�11]. Despite

the positive reports on improvement of RFS, a

recent systematic meta-analysis of all randomised

controlled trials revealed no clear benefit in OS [12].

In contrast to these largely disappointing findings,

a preliminary report by Garbe and co-workers [13]

suggests that low-dose rIFN-a2a may have a sig-

nificant effect on OS in patients with cutaneous

melanoma and regional lymph node metastases.

In the present study highly purified low-dose

natural human interferon alpha (HuIFN-aLe) ad-

ministered following induction treatment with da-

carbazine (DTIC), was used as adjuvant treatment.

Because of its antitumour effects in advanced

melanoma [14] DTIC was used first which might

reduce the number of occult tumour cells or

tumour cell clusters prior to HuIFN-aLe therapy.

A reason for choosing HuIFN-aLe instead of rIFN-

a2 was that HuIFN-aLe had previously demon-

strated promising results in small studies for

adjuvant therapy [15] and also in studies for

combination treatment of advanced melanoma

[16]. In addition, a pilot study involving 30 patients

and 60 historical controls, suggested that low-dose

HuIFN-aLe, administered after two injections of

DTIC, may have a beneficial effect on OS and

therefore be useful as adjuvant treatment of cuta-

neous melanoma (Stadler et al., unpublished re-

sults).

A further reason to consider HuIFN-aLe rather

than rIFN-a2 was that HuIFN-aLe comprises sev-

eral IFN-a subtypes, some of which are believed to

have antiproliferative and immunological effects that

are quantitatively or qualitatively different from

rIFN-a2 which represents a single IFN-a subtype

[17].

Patients and methods

Trial design

This was a randomised prospective clinical study

initiated in 1993 to assess clinical efficacy of two

cycles of DTIC followed by a 6-month adjuvant

treatment with highly purified HuIFN-aLe (Multi-

feron† ViraNative AB, Umeå, Sweden; arm A) in

melanoma patients after complete tumour surgery,

in comparison to tumour surgery only (arm B�/

control group). The trial was conducted at 19

clinical sites in Germany.

The treatment in arm A started with 2 IV

injections of DTIC (850 mg/m2 body surface on

day 2 of treatment week 1 and 5). For reduction of

DTIC-related side effects, antiemetic therapy with

ondansetron was recommended. Four weeks after

the second DTIC injection, the patients were

switched to a 6-months therapy with HuIFN-aLe

(3 MU thrice weekly, sc).

At each investigational site the patients were

stratified based on melanoma staging as defined by

the ‘‘Deutsche Dermatologische Gesellschaft’’ at

that time: Stratum 1 (tumour thickness�/1.5 mm),

Stratum 2 (intransit and/or satellite metastases) and

Stratum 3 (regional lymph node metastases). The

randomization list for each site included two blocks

(verum vs controls) of ten patients. The random-

allocation list was computer-generated by the study

data management group for each participating

centre prior to study onset (program: ‘‘RANDOM’’

by Dr Wiedey, Constance, Germany).

The patients had to meet the following eligibility

criteria before randomisation: Written IRB-ap-

proved informed consent; histologically proven mel-

anoma (based on pathological records in each centre

and, in cases of stage IIa/b melanoma, after exam-

ination by a central pathology unit); surgery with a 2

cm margin, including radical lymphadenectomy and

excision of all satellite metastases and/or intransit

metastases; randomisation within one month after

tumour excision; no previous systemic interferon

treatment; age]/18 years; Karnofsky-index ]/70;

white blood cell count ]/2�/109 /L; platelet

count]/100 x 109 /L; alkaline phosphatase5/300

U/L; AST5/50 U/L; bilirubin5/1.5 mg/dL;

cholinesterase]/3 U/L; creatinine5/2.0 mg/dL;

hemoglobin]/9 g/dL; no anamnestic coagulopathy;

negative pregnancy test; willingness of female pa-

tients of child-bearing age to apply contraception

during treatment and until three months after

scheduled termination of therapy; no known hyper-

sensitivity towards interferon, human serum albumin

or imidazolcarboxamide.

The primary objective of the trial was ‘‘relapse free

survival’’ (RFS) while the secondary objectives were

survival considering melanoma related mortality and

treatment tolerability. The trial was reviewed and

approved first-line by the ethics committee of the

University Medical School of Münster. Additionally,

the protocol was approved by the ethics committees

of the University Medical Schools of Dresden, Ulm,

Frankfurt on the Main, Freiburg, Munich and

Magdeburg. The study was performed according to

Good Clinical Practice (GCP).

Follow-up

Clinical examination was performed in both study

arms after 2 (end of DTIC-therapy), 8 (end of

HuIFN-aLe therapy) and 12 months. During the

second year of follow-up, patients were examined
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quarterly, from the third to the fifth year patients

were examined at 6-months intervals and from 1999

to 2001 patients were examined once. In both arms

all clinical examinations included x-ray of the thorax,

echosonography of abdomen and lymph nodes after

8, 12, 18 and 24 months and CT of the thorax, the

abdomen and the cranium and bone scanning as

optional techniques at any scheduled follow-up. In

arm A, blood counts and biochemical analyses were

performed before DTIC treatment, then at weeks 2,

4, 6, 8, 9 and 12 and at month 5, 8 and 12 of the

follow-up. Patients in arm B had safety laboratory

testing at weeks 4 and 8 and after 8 months of their

follow-up. Adverse events were recorded in arm A

patients at weeks 4, 8, 9 and 12 and at month 5 and

8. The WHO toxicity scale was applied in grading

the severity of toxicity.

In order to collect further information on survival

and cause of death a long-term follow-up was

conducted during 2003�2004 in all surviving pa-

tients including those who had dropped out.

Since this long-term follow-up was implemented

two to three years after the completion of the

protocol, renewal of consent was required for

patients who had been lost or had withdrawn during

the initial follow-up. The follow-up was limited to

historical collection of patient survival information,

and no visit or examination of the patients were

required. The patients (or relatives) were informed

about the reasons for this long-term follow-up and

they were asked to renew their agreement for use of

the additional individual data. In no case was the

permission refused.

Statistical analyses

For the computation of sample size it was estimated

that the mean 5-year relapse rate among patients

who undergo surgery only is 45% in stage IIa, 80%

in stage IIb and 75% in stage III. A sample size of

236 patients provided a 90% power (a�/0.05) to

detect a reduction in the rate of relapse by 20% in

arm A compared to the control patients in each of

the randomization strata including a calculated

drop-out rate of 10%. Since the observed dropout

rate during the enrolment period was higher than

expected, the final sample size was increased to

include 253 patients.

Survival data was analysed by considering mela-

noma related mortality only (prospectively defined

in the protocol) and by the inclusion of all causes of

mortality (Overall survival, OS) in exploratory

analyses. The subgroup of patients in tumour stage

IIb�III (high-risk patients) was additionally analysed

in an explorative way.

Relapse and survival outcome was estimated by

the Kaplan-Meier method and compared by the use

of two-sided log-rank test with a a-value of 0.05.

Hazard ratios (HR) with 95% confidence limits (Cl)

and p-values were used for the presentation of

results. To assess the homogeneity of the distribution

of patient/tumour characteristics the x2 tests and t-

tests were used. When the assumption of normal

distribution was rejected, non-parametric methods

were used (e.g. Kruskal-Wallis test, Mann-Whitney

U-test).

The multivariate evaluation of the impact of pre-

treatment parameters on survival was performed

by Cox proportional hazards modelling, that was

found to be appropriate for the assessment of the

robustness of the significance levels obtained using

log-rank tests. The method was chosen after

comparison with several non-proportional meth-

ods. Gender, Breslow score, Clark level, histology,

age and location of primary tumour were consid-

ered as well as first order interactions with treat-

ment. The analysis was performed using the

SCORE option in the SAS PHREG procedure.

This option selects the subset of predictive vari-

ables with the highest score x2 statistic among all

possible model sizes ranging from one explanatory

variable to the total number of explanatory vari-

ables provided to the analysis procedure. The

analysis was performed with the treatment factor

forced into the model.

Study drug

HuIFN-aLe, manufactured by Viranative AB

(Umeå, Sweden) under the trade mark Multif-

eron† is produced by a modification of the Cantell

method from leucocytes obtained from blood

donations. Multiferon† is a highly purified mixture

of the natural human interferon alpha subtypes

1, 2, 8, 10, 14 and 21 of human interferon

alpha.

Results

Data sets analysed

Between March 1993 and June 1997 253 adult

patients with malignant melanoma were enrolled in

the study within one month after they had under-

gone surgical resection of their tumour and all

detectable local or regional lymph node metastases.

One patient did not provide written consent

to participate in the study and was not treated.

Thus, 252 patients constituted the complete inten-

tion-to-treat (ITT) population while two patients

with wrong diagnosis (no melanoma histology),

four patients with stage IV melanoma and ten

Long-term survival benefit after adjuvant treatment of cutaneous melanoma 391



patients who never received any injection of

HuIFN-aLe were excluded for the explorative

analysis of the P
¯
er P

¯
rotocol S

¯
election (PPS) popu-

lation (n�/236) (Figure 1). The PPS population

consisted of patients who met the protocol inclu-

sion criteria at the time of randomization and who

had received at least one injection of Multiferon.

Among the patients who never received any injec-

tion of HuIFN-aLe four were in stage IIa while six

were in stage IIIb. The PPS population was

primarily analysed in order to assess the robustness

of the results with respect to deviations from the

protocol. Explorative analyses were also performed

in the ‘‘population of high-risk (stage IIb�III)

patients. This population consisted of 158 patients,

82 in arm A and 76 in arm B.

In total 46 patients withdrew from the study (22

from arm A and 24 from arm B) (Figure 1). While in

arm A the patients withdrew mostly for safety

reasons during follow-up, the patients in arm B

withdrew early in the trial shortly after they were

informed that they were randomised into the control

group.

At the end of the prospective follow-up in 2001,

the median follow-up time was 5.5 years and

maximum follow-up 7 years. After the long-term

follow-up in 2004 the median follow-up time was 8.5

years. At this time 251 of 252 patients had been

followed up for 5 years the minimum while the

maximum follow-up time was 10 years.

Prognostic factors

The ITT population was well balanced between

arms A and B with respect to demographic and

tumour-specific factors of potential prognostic rele-

vance (Table I). At the time of enrolment of patients

in the study recording of tumour ulceration and

numbers of lymph node metastases were not routi-

nely carried out. For these reasons, staging in

accordance with the currently used AJCC 2002

classification system was not possible. Testing of

centre effects by non-parametric testing (Kruskal-

Wallis test) for all tumour stages did not reveal any

significant differences.

Clinical efficacy

Outcome analyses in 2001

The analyses performed in 2001 upon completion of

the prospective follow-up revealed that there was no

statistically significant difference between arm A

patients and arm B patients of the ITT population

with respect to RFS or melanoma related death (log

rank tests, p�/0.068 and p�/0.97, respectively).

Fifty-six (43.8%) patients had relapsed in arm A

and 62 (50.0%) patients had relapsed in arm B. The

median RFS time for the arm A population was

1002 days, 541 days longer than in the control group

(461 days).

In an exploratory analysis of the patients in

tumour stages IIb�III (high-risk population;

n = 253
Patients screened

n = 253
Patients randomized

Arm A (n = 128)
Adjuvant Treatment

Arm A (n = 114)
Adjuvant Treatment

Arm B (n = 122)
No Treatment

n = 2
Stage IV

n = 10
No IFN-α

n = 2
No MM

Arm B (n = 124)
Controls

ITT (n = 252)

PPS (n = 236)

n = 2
Stage IV

Withdrawal (n = 22)
DTIC-lost to follow up (1)
DTIC - other reasons (2)
IFN - due to AE (7)
IFN - other reasons (5)
Eosinophilia (4)
ROC – 1st.-2nd. Mo. (3)
ROC – 3rd.-8th. Mo. (0)
ROC – 12th.-60th. Mo. (0)

Withdrawal (n = 24)
ROC – 1st.-2nd. Mo. (20)
ROC – 3rd.-8th. Mo. (1)
ROC – 12th.-60th. Mo. (3)

n = 1 No ICF signed →
not treated

CF: Informed consent form
ROC: Return of consent

Figure 1. Patient enrolment and study populations for efficacy analysis.
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n�/158; 82 patients in arm A and 76 patients in arm

B) the log-rank test revealed a significant difference

in RFS between arm A and arm B (p�/0.002) while

the difference in melanoma related death was not

significant (p�/0.38). The finding of improved RFS

in arm A of high-risk patients provided the incentive

to conduct an additional follow-up in 2003/2004. A

focus was then placed on OS rather than RFS, since

the high dropout rate observed in the initial stage of

the study would be supposed to confound later

calculations of RFS.

Long-term survival follow-up in the ITT population in

2003/2004 (n�/252)

The analysis of the complete ITT population in

2003 and 2004 regarding melanoma-related mortal-

ity is shown in Figure 2. In arm A 45 patients

(35.2%) died from melanoma while 67 arm B

patients (54.0%) died from this malignancy. The

difference between the two groups was statistically

significant (HR�/0.65, CI�/0.46�0.97, p�/0.022)

in favour of arm A.

Table I. Tabulation of demographic and baseline parameters of the ITT population.

ITT Population (Tumour Stage IIa�IV; n�/252)

Parameter Adjuvant Treatment (n�/128) Controls (n�/124)

Sex (male/female) 73/55 69/55

Mean age (range) 53 (25�86) 54 (23�82)

Mean weight (kg) 77 78

Body mass index 26 27

Histol. subtype:

SSM: 48 (37.5%) 53 (42.7%)

Nodular M. 47 (36.7%) 47 (37.9%)

LMM: 0 (0%) 1 (0.8%)

ALM: 13 (10.2%) 8 (6.5%)

Other: 12 (9.4%) 13 (10.5%)

Missing data: 4 (3.1%) 0 (0%)

Missing report: 4 (3.1%) 2 (1.6%)

Tumour thickness:

Mean (mm): 2.9 3.0

5/4 mm 91 (71.1%) 97 (78.2%)

�/4 mm 26 (20.3%) 22 (17.7%)

Missing Report: 11 (8.6%) 5 (4.0%)

Tumour staging:

Stage IIa: 44 (34.4%) 46 (37.1%)

Stage IIb: 12 (9.4%) 8 (6.5%)

Stage IIIa: 15 (11.7%) 16 (12.9%)

Stage IIIb: 53 (41.4%) 52 (41.9%)

Stage IV: 2 (1.6%) 2 (1.6%)

Wrong Diagnosis*: 2 (1.6%) �

Tumour invasion (Clark level):

II: 3 (2.3%) 3 (2.4%)

III: 24 (18.8%) 23 (18.6%)

III�IV: 5 (3.9%) 5 (4.0%)

IV: 70 (54.7%) 74 (59.7%)

IV�V: 1 (0.8%) 1 (0.8%)

V: 10 (7.8%) 10 (8.1%)

Missing data: 15 (11.7%) 8 (6.5%)

Tumour localisation:

Head/neck: 9 (7.0%) 9 (7.3%)

Chest: 3 (2.3%) 11 (8.89%)

Back: 37 (28.9%) 35 (28.2%)

Upper/lower limbs: 64 (50.0%) 63 (50.8%)

Abdomen: 7 (5.5%) 5 (4.0%)

Genito-anal region: 1 (0.8%) 0 (0%)

Muc. membrane: 2 (1.6%) 0 (0%)

Occult: 3 (2.3%) 0 (0%)

Missing data: 2 (1.6%) 1 (0.8%)

*In two patients (No. 88, initially being diagnosed as stage IIb and No. 703, initially being diagnosed as stage IIIb) the diagnosis malignant

melanoma could not been confirmed histologically. Nevertheless both patients were considered during statistical analysis.
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When comparing OS in both groups (considering

all causes of mortality), the difference was close to

significance (HR�/0.71, CI�/0.49�1.00, p�/

0.052). In this population 53 patients (41.4%) died

in arm A while 72 patients (58.1%) died in the

control group (Figure 3).

As seen in Figure 2 and three Kaplan Meier

curves separate only after the first couple of years

following randomisation. Deaths occurring later

than five years after randomisation were rare among

the arm A patients but common among the

controls. In the entire population of arm A patients

there were six deaths, which occurred after more

than five years; four of these being from causes that

apparently were unrelated to melanoma. In con-

trast, there were 21 deaths in arm B, only one of

which was considered unrelated to the patient’s

melanoma. Thus, in patients who had survived the

first five years after randomisation, deaths due

to melanoma progression were ten times more

common in untreated, than in adjuvant-treated

patients.

Time to Melanoma Death, ITT(n=252)
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Figure 2. Kaplan-Meier functions of melanoma related mortality in the ITT population (n�/252).

All Cause Mortality (n=252)
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Figure 3. Kaplan-Meier functions of overall survival in the ITT population (n�/252).
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Long-term OS follow-up in the PPS (n�/236) and

high-risk (n�/158) populations (explorative analyses)

In the PPS population, which comprised 114

patients in arm A, 46 (40.4%) died in total. The

control group consisted of 122 patients of whom 71

(58.2%) died. The difference between the two

groups in terms of OS (based on all cause mortality)

was statistically significant (HR�/0.66, CI�/0.46�
0.96, p�/0.029) in favour of the arm A patients.

In the high-risk (stage IIb�III) population (n�/

158) 39 patients (47.6%) had died in arm A and

57 (75%) in arm B. The difference between the two

arms in terms of OS was statistically significant

(HR�/0.58, Cl�/0.38�0.86, p�/0.008).

Non-melanoma related death during study

In arm A, a total of eight patients died of non-

melanoma related causes (2 caecum cancer, 3

cardio-vascular disease and 3 of unknown cause)

while in the control group, a total of five patients

died from non-melanoma causes (2 caecum cancer,

1 suicide and 2 of unknown cause). The three

patients who died of cardiac disease had stage IIa

melanoma at randomization. These patients had a

long previous history of cardiovascular disease, and

they died years after the completion of the adjuvant

treatment.

Predictor variables and hazard ratio in Final Cox

Proportional Model

Table II shows the results of the proportional

hazards modeling of melanoma-associated mortality.

The best subset of predictive variables in the final

statistical model is listed with treatment forced into

the model. The effect of treatment remains statisti-

cally significant at the 0.05 significance level even

when five statistically significant explanatory vari-

ables were included in the statistical model (p�/

0.002). Clark level (I�III vs. IV or V) showed that

the hazard was 122% greater for those with higher

grades than for lower grades. Histological analysis

(SSM, LMM, vs. nodular melanoma, ALM) showed

that the hazard was 68% higher for those with SSM

or LMM. Analysis of the location of the tumour

(extremities, vs. head, neck, trunk) showed that

patients with a tumour on the head, neck or trunk

had 139% higher hazard than those with tumour on

the extremities. There was a 48.5% reduction in the

hazard for adjuvant treatment compared to no

adjuvant treatment (Table II).

The interaction factor between stage IIa and

treatment assigned was not significant and was not

selected in the Cox proportional model (p�/0.68).

This indicated that no significant contrast in the

effect of treatment on overall survival in the subsets

of patients with low-risk and high-risk melanoma

(i.e. stage IIa or non-stage IIa) could be identified.

The log rank p-values for the stage IIa patients (HR

0.97, CI 0.45�2.10, p�/0.937) and for the patients

in non-IIa stages (HR 0.60, CI 0.40�0.90, p�/

0.013) were however, markedly different (Figure 4).

Salvage therapy

Following relapse, the patients received various

salvage treatment regimens including additional

surgery, radiation therapy, chemotherapy, immu-

notherapy (excluding interferon), hormone therapy

and autologous tumour vaccination as single or

combination approaches. Twenty-eight different re-

gimens for salvage therapy were used, with no

preponderance of any particular type of treatment

in any one of the groups of treated or untreated

patients. Although salvage therapy using interferon

was not used in the patients who had a relapse

during study follow-up, most of the patients who

withdrew early from arm B went on to receive

recombinant rIFN-a2 after they had withdrawn.

Safety

In total, 716 adverse events (AEs) of all WHO

grades were reported in arm A patients of which 235

occurred during the period of DTIC treatment

(32.8%) while 482 (67.2%) were documented dur-

ing HuIFN-aLe treatment. During DTIC treatment

3.4% of all AEs were of WHO grade III/IV, while

during HuIFN-aLe 2.9% had grade III/IV severity.

Most patients in arm A developed fever (64%),

malaise (62%), anorexia (62%) and nausea (55%)

predominantly during the initial phases of either

Table II. Predictor variables and hazard ratio in Final Cox Proportional Model for melanoma-associated mortality.

Predictor variable p-value Hazard Ratio 95% Confidence Interval

1. Adjuvant Treatment (forced into model) 0.0018 0.515 0.340�0.782

2. Clark Level at first Diagnosis (IV or V) 0.0036 2.218 1.298�3.793

3. Histology (SSM�LMM) 0.0178 1.677 1.093�2.573

4. Location (Trunk/Head) B/0.0001 2.389 1.564�3.648

5. Not Stage IIa at Randomization B/0.0001 5.214 3.058�8.889
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DTIC- or HuIFN-aLe treatment. Only in 13

patients did these symptoms exceed WHO grade

II. Somnolence, diarrhea and skin disorders (mainly

alopecia) occurred in approximately 20�25% of

patients in arm A while other events were less

common.

Eleven serious adverse events (SAEs) occurred

during DTIC application in arm A. Most of these

were characteristic of DTIC and were treatment-

related (i.e., eosinophilia, thrombocytopenia, infec-

tion, bloody diarrhoea, and elevated liver enzymes).

Besides patient death, a total of 22 SAEs occurred

during treatment with HuIFN-aLe in arm A and the

relationship to treatment was classified as ‘‘prob-

able’’ in 14 of these 22. Eight SAEs included

anorexia with ‘‘probable’’ or ‘‘possible’’ relationship

to the study drug. One patient experienced impo-

tence, which resolved after the scheduled treatment

was completed. One patient suffered from injection

phobia (neurosis of WHO grade III) while diarrhoea

occurred in another patient. Five patients demon-

strated increased liver enzymes (g-GT, and/or AST

and/or ALT) that were possibly related to treatment.

In four cases the elevation in liver function para-

meters reached WHO grade II, in one case WHO

grade IV. Application of study drug was reduced and

later discontinued for one of the patients with grade

2 increased liver enzymes.

Thirteen SAEs (not including deaths) occurred

during the post-treatment follow-up in am A. Three

patients developed arthrosis, six patients developed

neoplasms, one patient demonstrated herpes zoster,

one had pneumonia and one showed increase of g-

GT. All of these SAEs were classified as not related

to study treatment. One patient had amnesia (WHO

grade II) with a probable relationship to treatment.

Five SAEs (not including deaths) occurred during

the first two months of the study in arm B (i.e. the

period of time corresponding to the DTIC treatment

period in study arm A). These included: second

malignant melanoma, increased LDH and increased

hepatic enzymes (WHO grade III); lipoma (WHO

grade II, not related) and increased g-GT (WHO

grade IV, not related). A total of six SAEs (not

including deaths) were documented in study arm B

during the 3 to 8-month follow-up observation

period (i.e. the period of time corresponding to the

HuIFN-aLe treatment period in the adjuvant treated

group). These events included secondary malignant

melanoma, and renal carcinoma (WHO grade III);

rectal carcinoma, myocarditis, and neuralgia (WHO

grade II, not related); and diabetes mellitus (WHO

grade I, no relationship). No SAEs were recorded

after the first eight months after randomization.

In addition to recording toxicity data by WHO

scores, tolerability of the medication was assessed by

the patients during the entire treatment period.

Eighty-five percent of the patients characterised the

tolerability as good or very good and only 3.5%

characterised it as being poor.

Antibodies to IFN-alpha

Tests for serum anti-IFN antibodies were performed

in the arm A population at the end of treatment

period. No IFN-binding or neutralizing antibodies

were detected in any serum.

Discussion

The results of the trial strongly suggest that adjuvant

treatment of cutaneous melanoma with DTIC
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Figure 4. Kaplan-Meier functions of overall survival in the stage IIa population (n�/90) and the non-stage IIa population (n�/162)

including 2 non-melanoma patients and 4 stage IV patients. The results show no contrast interaction of stage vs. treatment in Cox

proportional hazard modeling (p�/0.68).
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followed by low-dose natural IFN-alpha gives a

sustained long-term benefit regarding reduction of

melanoma-associated mortality. In support of this

suggestion the hazard ratio calculated by Cox

proportional hazard modeling, adjusted for identi-

fied predictive factors, showed an almost 50%

reduction of the risk of dying from the disease for

the entire ITT population of 252 patients, at a high

level of statistical significance (p�/0.002).

The fact that the beneficial effect was more

evident when proportional hazard modelling, rather

than log rank testing was employed, is probably due

to the heterogeneity of the study population. The

total population included a disproportionately large

number of stage IIa relative to stage IIb patients,

meaning that the stratum of stage IIa plus IIb

patients contained a larger proportion of patients

with good prognosis and fewer events than was

anticipated in the calculation of the power of the

study. This led to a ‘‘dilution’’ effect, which might be

assumed to have an impact on the calculations of

statistical significance by log rank tests. In agreement

with this assumption there was no demonstrable

effect of therapy in stage IIa patients whereas the

reduction of number of deaths of all causes was

substantial and highly statistically significant in the

non-stage IIa melanoma group. In spite of this

finding analysis of treatment effect by stage interac-

tion factor showed no significant contrast in the

effect of treatment on OS in the subsets of patients

with stage IIa and those with non-stage IIa, implying

that it could not be excluded that the treatment had

an effect also in stage IIa patients.

The above results suggest that non-stage IIa

patients, i.e. those with deep and/or metastasizing

tumours, may derive considerable benefit from

adjuvant treatment with the combined DTIC/

HuIFN-aLe regimen. In further support of this

suggestion an exploratory, not prospectively

planned, analysis of the clinically highly relevant

group of high-risk (stage IIb�III) melanoma showed

a pronounced and significant difference (p�/0.008),

with respect to OS, between the two arms of the

study. Among these patients all but one were

followed up for an extended period of time (median

8.5 years) and thus there was no bias caused by the

high withdrawal rate with respect to mortality.

A major advantage of the adjuvant regimen used

in this study is its relative lack of toxicity. The good

tolerability observed contrasts to the frequent, often

severe adverse effects encountered with the high-

dose recombinant IFN-a2 regimens. This was not

surprising in view of earlier reports showing that 3

MU three times weekly of HuIFN-aLe can usually

be given for several years without any major dis-

comfort to the patient, and that the adverse effects

caused by HuIFN-aLe are equal to or less pro-

nounced than those associated with the identical

dosage of rIFN-a2 treatment [18]. Furthermore, the

adverse effects of DTIC, at the doses of 850 mg/m2

used in this study, are usually relatively mild. The

mean total incidence of WHO grade III/IV adverse

effects in the study was 0.2 per patient. This figure

should be compared with those obtained in the

ECOG 1686 and 1690 studies when evaluating

high-dose rIFN-a2 therapy with an pr patient

incidence of 1.15 and 1.8, respectively [1,2].

The reasons for the beneficial effect on survival

observed in this trial using a 6 month low-dose IFN-

a, whereas such regimens have not been effective in

most other investigations, remains to be elucidated.

The positive results might be related to the char-

acteristic of the population enrolled in this trial, the

sequential use of DTIC/ HuIFN-aLe, or the phar-

macodynamic properties of the mix of subtypes in

HuIFN-aLe. It is noteworthy that in the initial study

with high-dose rIFN-a2 that showed a significant OS

benefit [1], the prognosis of the patients was poor

(37% 5-year survival), whereas in a later study [2]

that showed no OS benefit, the prognosis in the

control group was much better (54% 5-year survi-

val). In this context it is important to note that the

survival curves in the control group of the present

study followed kinetics that closely resemble those

observed in previous studies, including the contin-

uous increase in mortality beyond five years of

observation. Thus, it seems possible that patients

with a relatively good prognosis and a survival

expectation above three years, notably those with

local or regional metastases, are particularly amen-

able to adjuvant treatment with low dose HuIFN-

aLe or other interferon alpha preparations.

It is not possible to determine the relative roles of

HuIFN-aLe and/or DTIC or of their synergy.

Although DTIC is widely used for the treatment of

advanced melanoma it has not been found to be

effective as an adjuvant in this disease [11]. It seems

possible that an initial reduction of the clinically

occult tumour burden, caused by DTIC, may have

paved the way for the actions of HuIFN-aLe.

Reduction of tumour mass may be advantageous

since it may reduce tumour-induced immuno-sup-

pression. Recently presented in vitro data suggest

that DTIC may also have boosting effects on

immunological anti-tumour mechanisms by sensitiz-

ing melanoma cells to the lytic activity of cytotoxic T

cells [19]. On the other hand, DTIC is in itself a

cytotoxic drug with immunosuppressive properties

[20] that might interfere with the immunologic

effects of HuIFN-aLe. Although the latter possibility

has not received any firm experimental support [21],

recently presented data suggest that simultaneous
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combination of low-dose rIFN-a2a and DTIC in

adjuvant treatment of cutaneous melanoma is not

effective, as compared to rIFN-a2a alone [13]. Since

sequential rather than concomitant treatment with

DTIC and HuIFN-aLe was used in the present

study it does not seem likely that DTIC in this case

has interfered with the immunological effect of

HuIFN-aLe.

The mechanisms for the beneficial effect of IFN-a
in cutaneous melanoma remain unknown. HuIFN-

aLe is a potent stimulator of Th1 immunity [22] and

may therefore enhance tumour immunity and auto-

immunity. A clear correlation between induction of

autoantibodies by IFN-a and a good response to

treatment in malignant melanoma has recently been

reported [23]. Further evidence for an immunologi-

cally mediated effect by IFN-a in human melanoma

can be derived from studies showing that a beneficial

response to IFN-a correlates with the number of

CD4 lymphocytes identified in fine-needle aspirates

from melanoma metastases [24]. HuIFN-aLe con-

tains a variety of subtypes of which some have

immunologic effects that are not shared by recombi-

nant IFN-a2 preparations [17] and synergy between

various subtypes is known to occur. Data from

experimental models of melanoma about which of

the interferon alpha subtypes might be particularly

well suited for the adjuvant therapy of melanoma are

not available.

In summary, the adjuvant treatment regimen used

in the present study was found to be well tolerated

and to give beneficial effects on survival that were

particularly significant in patients with deep and/or

metastasizing stages of melanoma but still free from

distant metastases. A subsequent clinical study with

sequential DTIC plus HuIFN-aLe in adjuvant

melanoma treatment should therefore focus on this

category of patients.
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