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Abstract
Background DAV-interferon (IFN)-b therapy is a combination chemotherapy of dacarbazine (DTIC), nimustine

(ACNU) and vincristine (VCR) with local subcutaneous injection of IFN-b that is widely employed as postoperative

adjuvant chemotherapy to treat malignant melanoma in Japan. However, the efficacy of DAV-IFN-b therapy has not

been confirmed by randomized controlled trials and the benefit of DAV-IFN-b therapy has not been established yet.

This study evaluated the contribution of DAV-IFN-b therapy to improve survival of postoperative patients with

cutaneous melanoma.

Methods Patients with stage II or III cutaneous melanoma seen at Nagoya University Hospital from January 1998 to

December 2009 were eligible for this study. Disease-free survival rates and melanoma-specific survival rates were

evaluated. A propensity score was calculated to control for the effects of variables related to decisions regarding the

application of DAV-IFN-b therapy.

Results Eighty-two stage II and 60 stage III melanoma patients were included. In the post-matched stage II

patients (17 matched pairs), the mean (±SE) disease-free survival rates were 39.9±13.7% for DAV-IFN-b therapy and

73.1±11.7% for non-use (hazard ratio for recurrence, 2.06; 95% CI, 0.63–6.69; P = 0.23), and the melanoma-specific

survival rates were 66.2±20.0% for DAV-IFN-b therapy and 86.2±9.1% for non-use (hazard ratio for death, 1.09;

95% CI, 0.17–6.82; P = 0.93). In the post-matched stage III patients (nine matched pairs), the disease-free survival

rates were 29.6±16.4% for DAV-IFN-b therapy and 33.3±15.7% for non-use (0.69; 95% CI, 0.22–2.17; P = 0.53), and

the melanoma-specific survival rates were 55.6±16.6% for DAV-IFN-b therapy and 44.4±16.6% for non-use (0.67;

95% CI, 0.18–2.50; P = 0.55).

Conclusions DAV-IFN-b therapy brought no significant improvement in either disease-free survival rates or

melanoma-specific survival rates of patients with stage II or III cutaneous melanoma. A randomized controlled trial

would be required to further evaluate the efficacy of DAV-IFN-b therapy as an adjuvant chemotherapy.
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Introduction
DAV-interferon (IFN)-b therapy, a combination chemotherapy of

dacarbazine (DTIC), nimustine (ACNU) and vincristine (VCR) in

combination with local subcutaneous injection of IFN-b, is widely

used to treat malignant melanoma in Japan, especially as postoper-

ative adjuvant chemotherapy. DTIC was first introduced in Japan

in 1977, and several combination chemotherapies involving it have

been performed since then. DAV combination chemotherapy was

reported to improve survival rates of melanoma patients in one

multicentre study.1 Clinical trials of natural IFN-b derived from

human fibroblasts, commenced in 1978, revealed an efficacy rate

of 50% against cutaneous metastasis of malignant melanoma,2

and use of IFN-b was supported by another study in 1985.3 To
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further improve the prognosis, the DAV therapy protocol was

developed into DAV therapy plus IFN-b, in which DAV is admin-

istered in combination with local injection of INF-b (DAV-IFN-

b), as a postoperative adjuvant therapy. In 1988, a trial in Japan

revealed that the prognosis for malignant melanoma in patients

with DAV-IFN-b therapy was better than that for patients with

DAV therapy alone, especially among stage III patients.3 However,

the efficacy of DAV-IFN-b therapy has not been established suffi-

ciently, because the above-mentioned studies were not randomized

controlled trials, and there seemed to be significant differences in

baseline ⁄ pretreatment characteristics between the DAV therapy

group and the control group, and between DAV-IFN-b therapy

groups and patients with simple DAV therapy. Indeed, a random-

ized trial of adjuvant therapy with DTIC demonstrated no signifi-

cant effects.4–6 In the present study, we examined 142 stage II ⁄ III
cutaneous melanoma patients at our institute to evaluate the con-

tribution of DAV-IFN-b therapy to the improvement of patient

prognosis. Propensity score was used to adjust for confounding

factors in baseline characteristics.

Patients and methods

Patients

Patients with primary cutaneous melanomas that were classified as

stage II or stage III (UICC ⁄ AJCC, 2002) seen at Nagoya University

Hospital from January 1998 to December 2009 were eligible for

this study (142 patients: 82 in stage II; 60 in stage III). All patients

underwent wide excision of the primary melanoma, and no

patients had chemotherapy or immunotherapy prior to the opera-

tion. Except for 17 cases, sentinel lymph node biopsy or lympha-

denectomy was performed subsequently or simultaneously. The

methods of sentinel lymph node biopsy and pathological evalua-

tion are described elsewhere.7–11 Patients who had other chemo-

therapeutic regimens were excluded.

This study was performed according to the principles expressed

in the Declaration of Helsinki and the ethics policies of the institu-

tion, and was approved by the Ethics Review Committee of Nag-

oya University Graduate School of Medicine.

DAV-IFN-b protocol and other treatments

As shown in Fig. 1, the DAV-IFN-b therapy recipients were

administered DTIC (80–140 mg ⁄ m2, 60-min infusion once a

day for five consecutive days), ACNU (50–100 mg ⁄ m2, 30-min

infusion on day 1) and VCR (0.5–0.8 mg ⁄ m2, 30-min infusion

on day 1) with IFN-b (3 · 106 IU ⁄ body, local injection once a

day for 10 consecutive days) (Feron�; Toray Industries, Inc.,

Chuo-ku, Tokyo, Japan). DAV-IFN-b therapy was done every

4 weeks in three cycles for stage II and in five cycles for stage

III, in principle. Postoperative maintenance therapy was given

to some patients, consisting of local injection of IFN-b. Differ-

ent from DAV-IFN-b therapy, the main method of this mainte-

nance therapy involves only subcutaneous IFN-b injection

around the surgical scar of the primary lesion at a dose of

3·106 IU ⁄ day every 3–4 weeks for 2–3 years. All patients were

monitored postoperatively by means of clinical examinations,

blood test and CT or PET ⁄ CT at least every 6 months.

Baseline clinical data

Data including those of age, sex, date of first medical examination,

site of the primary melanoma, tumour thickness, status of ulcera-

tion (with vs. without), treatment history of sentinel lymph node

biopsy or lymphadenectomy, status of severe complications (with

vs. without) and postoperative performance status (PS) were col-

lected from medical records of the patients at our institute.

Regarding tumour thickness and status of ulceration, we excluded

cases in which regression was strongly suspected from the present

analysis, because tumour thickness did not reflect the disease pro-

gression precisely in cases showing regression. Thus, four cases in

stage III were excluded from the below-mentioned stratified and

matched analysis. Postoperative PS was assessed by the Eastern

Cooperative Oncology Group PS scores of 0, 1, 2 and over 2.

For all analyses, patients were divided into two groups: one of

DAV-IFN-b therapy use as postoperative adjuvant chemotherapy

and the other of non-use.

The primary endpoint among the cohorts was melanoma-spe-

cific survival (survival until death from melanoma). The other

endpoint was disease-free survival before first recurrence at any

site (survival without evidence of recurrence or metastasis). Fol-

low-up and survival periods were calculated from the date of the

first medical examination to the date of the last examination or

death, until December 2011. Of all the patients, nine patients (four

with DAV-IFN-b therapy use and four with non-use in stage II

and one with non-use in stage III) were lost between the start of

follow-up and December 2011. Survival data or cause and date of

death were collected by serial contact with patients and from their

medical records.

DTIC (80–140 mg/m2, i.v.) ↓ ↓ ↓ ↓ ↓

ACNU (50–100 mg/m2, i.v.) ↓

VCR (0.5–0.8 mg/m2, i.v.) ↓

IFN-β (3×106 IU/body, i.d.) ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Day 1 2 3 4 5 6 7 8 9 10

Figure 1 Drug dosage and administration
schedule per course of DAV-IFN-b therapy.
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Statistical analysis

Continuous variables were expressed as mean (standard deviation)

and were compared using the Student’s t-test. Categorical data

were displayed as frequencies and percentages, and were compared

using the Chi-squared test. Because patients were not randomly

assigned to DAV-IFN-b therapy use or non-use, there were signifi-

cant differences in baseline covariates between the two groups.

Therefore, we used propensity score analyses to control for poten-

tial confounding effects of differences in the pretreatment charac-

teristics of DAV-IFN-b therapy use vs. non-use. A propensity

score is a measure of the likelihood that a patient will be assigned

to DAV-IFN-b therapy or not on the basis of the patient’s pre-

treatment characteristics. To calculate a propensity score for each

patient, we estimated the probability that each patient would

receive DAV-IFN-b therapy by using logistic regression analysis.

Variables included in the logistic model were all the baseline clini-

cal data described above. However, distribution in the variable of

sentinel lymph node biopsy or lymphadenectomy was so deflected

that we excluded these variables from the model for calculating

propensity score. The number of treatment cycles and the presence

or absence of postoperative IFN-b maintenance therapy were not

included in the multivariate logistic regression analysis because

they were post-chemotherapeutic factors and had no effect on

decisions regarding DAV-IFN-b therapy. Propensity scores were

categorized into four groups by quartiles.

We assessed the relationship between DAV-IFN-b therapy use

and study outcome variables by three methods: (i) crude com-

parison without regard to propensity score; (ii) stratified analysis

(crude comparison for each propensity score quartile); and (iii)

matched analysis (comparison of survival between propensity

score quartile-matched patients with DAV-IFN-b therapy use vs.

non-use). For the matched analysis, the number of pairs was

Table 1 Baseline characteristics of the patients

Stage II Stage III

DAV-IFN-b
(N = 44)

Non-use
(N = 38)

P-value DAV-IFN-b
(N = 44)

Non-use
(N = 16)

P-value

Age (years) 60.4 (12.4) 67.3 (16.3) 0.032 58.0 (13.3) 69.3 (10.9) 0.004

Male, n (%) 21 (47.7) 18 (47.4) 0.97 24 (54.5) 7 (43.8) 0.46

First medical examination, n (%)

1998–2000 11 (25.0) 3 (7.9) 0.054 8 (18.2) 2 (12.5) 0.90

2001–2003 15 (34.1) 9 (23.7) 9 (20.5) 4 (25.0)

2004–2006 7 (15.9) 13 (34.2) 16 (36.4) 5 (31.3)

2007–2009 11 (25.0) 13 (34.2) 11 (25.0) 5 (31.3)

Primary site, n (%)

Head and neck 6 (13.6) 4 (10.5) 0.182 6 (13.6) 3 (18.8) 0.70

Trunk 4 (9.1) 6 (15.8) 13 (29.5) 5 (31.3)

Upper extremity 14 (31.8) 5 (13.2) 8 (18.2) 1 (6.3)

Lower extremity 20 (45.5) 23 (60.5) 17 (38.6) 7 (43.8)

Tumour thickness (TT; mm) 4.8 (3.1) 5.2 (6.4) 0.81 5.8 (3.8) 7.8 (4.4) 0.13

In situ 0 (0) 0 (0) 0 (0) 0(0)

TT £ 1 0 (0) 0 (0) 1 (2.4) 1 (6.7)

1 < TT £ 2 3 (6.8) 4 (10.5) 5 (12.2) 0 (0)

2 < TT £ 4 24 (54.4) 19 (50.0) 14 (34.1) 2 (13.3)

4 < TT* 17 (38.6) 15 (39.5) 21 (51.2) 12 (80.0)

Regression, n 0 0 3 1

Ulceration, n (%) 36 (81.8) 26 (68.4) 0.16 26 (63.4) 12 (80.0) 0.24

Regression, n 0 0 3 1

SLNB or lymphadenectomy 39 (88.6) 29 (76.3) 0.14 44 (100) 12 (80.0) 0.002

Severe complication†, n (%) 4 (9.1) 17 (44.7) <0.001 6 (13.6) 7 (46.7) 0.008

Postoperative PS ‡ 2, n (%) 4 (9.1) 15 (39.5) 0.001 5 (11.4) 3 (20.0) 0.40

Frequency of DAV-IFN-b 3.25 (1.26) – – 3.84 (1.48) – –

IFN-b maintenance therapy, n (%) 23 (52.3) 26 (68.4) 0.14 25 (56.8) 14 (87.5) 0.028

†Severe complications were defined by following criteria: hepatic complication, serum albumin £3.5 g ⁄ dl, total bilirubin ‡2.0 mg ⁄ dl and ⁄ or pro-

longed prothrombin time (PT); renal complication, glomerular filtration rate (GFR) £60% and ⁄ or similarity of chronic kidney disease (CKD); respiratory

complication, active asthma and ⁄ or chronic obstructive pulmonary disease (COPD); cardiovascular complication, New York Heart Association (NYHA)

classification class ‡II; and neuropsychiatric complication, dementia that needs fulltime support.

SLNB, sentinel lymph node biopsy; PS, performance status.
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determined as the number of patients in the smaller of the

paired groups (DAV-IFN-b use vs. non-use) for each propensity

quartile. Patients in the larger of the two groups (DAV-IFN-b
use vs. non-use) were selected randomly for each propensity

score quartile.

Kaplan–Meier survival analysis with a log-rank test was used to

estimate the mean (±standard error of the mean) disease-free sur-

vival rates (no recurrence) and melanoma-specific survival rates

(no death from melanoma). For the latter analysis, cases who died

from causes other than melanoma were censored at the time of

death. In addition, Cox proportional hazard models were also

used to estimate the potential benefit of DAV-IFN-b therapy

against study outcome variables.

A P-value of <0.05 was considered significant. All data were

analyzed using SPSS for Windows (SPSS Statistics Version 19; IBM,

Armonk, NY, USA).

(a) (b)

(c) (d)
Figure 2 Disease-free survival and mela-
noma-specific survival in the crude com-

parison. Disease-free survival (a) and

melanoma-specific survival (b) in stage II.

Disease-free survival (c) and melanoma-
specific survival (d) in stage III. The mela-

noma-specific survival rate in stage III is

higher with DAV-IFN-b therapy use than

with non-use, although no significant
difference is observed in the disease-free

survival rate or the melanoma-specific

survival rate either in stage II or stage III.
Green dots and lines, patients with DAV-

IFN-b therapy; blue dots and lines, patients

without DAV-IFN-b therapy.

Table 2 Hazards ratio of DAV-IFN-b therapy

Pre-match Post-match

Crude Stratified

HR(95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Stage II

Disease-free 0.87 0.71 1.74 0.37 2.06 0.23

0.42–1.81 0.52–5.77 0.63–6.69

Melanoma-specific 0.72 0.53 1.35 0.73 1.09 0.93

0.26–1.99 0.25–7.27 0.17–6.82

Stage III

Disease-free 0.52 0.070 0.55 0.26 0.69 0.53

0.25–1.06 0.19–1.55 0.22–2.17

Melanoma-specific 0.47 0.053 0.45 0.21 0.67 0.55

0.21–1.01 0.13–1.56 0.18–2.50

HR, hazards ratio; CI, confidence interval.
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Results
Of all the melanoma patients seen at our institute from January

1998 to December 2009, 82 were in stage II and 60 were in stage

III. All the studied patients had primary cutaneous melanoma.

Patients with mucosal melanoma were not included. During fol-

low-up, 30 (36.6%) stage II and 36 (60.0%) stage III patients had

recurrence or metastasis, and 16 (19.5%) stage II and 28 (46.7%)

stage III patients died from melanoma. Of all the prematch

patients, 44 (53.7%) stage II and 44 (73.3%) stage III patients

underwent DAV-IFN-b therapy. In the DAV-IFN-b therapy

group, the mean number of treatment cycles was 3.25 (1.26) for

stage II and 3.84 (1.48) for stage III. Of the patients who under-

went DAV-IFN-b therapy, 23 (52.3%) stage II patients and 25

(56.8%) stage III patients had postoperative IFN-b maintenance

therapy (local injection of IFN-b without administration of DAV).

The mean follow-up period for all patients was 58.4 (38.9)

months. The baseline characteristics of the prematch patients are

shown in Table 1.

In the crude comparison, the mean (±SE) estimated disease-free

survival rates for stage II were 30.0±21.6% with DAV-IFN-b ther-

apy use and 58.4±9.2% with non-use (hazards ratio for recurrence,

0.87; 95% CI, 0.42–1.81; P = 0.71) (Fig. 2a, Table 2). Melanoma-

specific survival rates for stage II were 71.1±8.6% with DAV-IFN-b
therapy use and 74.5±8.9% with non-use (hazards ratio for death,

0.72; 95% CI, 0.26–1.99; P = 0.53) (Fig. 2b, Table 2). Likewise,

disease-free survival rates for stage III were 37.8±8.3% with DAV-

IFN-b therapy use and 29.2±11.8% with non-use (0.52; 95% CI,

0.25–1.06; P = 0.070) (Fig. 2c, Table 2). Melanoma-specific sur-

vival rates for stage III were 49.3±9.5% with DAV-IFN-b therapy

use and 32.8±12.7% with non-use (0.47; 95% CI, 0.21–1.01;

P = 0.053) (Fig. 2d, Table 2). Though the disease-free survival rate

in each stage was not significantly different, the melanoma-specific

survival rate in stage III was close to significantly higher with

Table 3 Selection of pair for propensity score matched cohort

analysis

Propensity score DAV-IFN-b Non-use Pair selected

Stage II

0.00086–0.217 0 20 0

0.237–0.561 10 11 10

0.564–0.868 15 6 6

0.910–0.997 19 1 1

Stage III

0.0077–0.549 4 9 4

0.585–0.899 9 5 5

0.955–0.991 14 0 0

0.992–1.00 14 0 0

(a) (b)

(c) (d)
Figure 3 Disease-free survival and mela-

noma-specific survival in the post-matched
patients, using propensity scores. Disease-

free survival (a) and melanoma-specific

survival (b) in stage II. Disease-free survival
(c) and melanoma-specific survival (d) in

stage III, respectively. Neither the disease-

free survival nor the melanoma-specific

survival rate is significantly different
between DAV-IFN-b therapy use and non-

use in stage II or stage III. Green dots and

lines, patients with DAV-IFN-b therapy;

blue dots and lines, patients without DAV-
IFN-b therapy.
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DAV-IFN-b therapy use than with non-use. In the stratified model

using propensity scores, no significant difference in survival rates

was recognized between DAV-IFN-b therapy use and non-use in

either stage II or stage III (hazards ratio for recurrence: 1.74, 95%

CI, 0.52–5.77, P = 0.37 and 0.55; 95% CI, 0.19–1.55; P = 0.26; haz-

ards ratio for death: 1.35, 95% CI, 0.25–7.27; P = 0.73 and 0.45,

95% CI, 0.13–1.56; P = 0.21, respectively) (Table 2).

Propensity score matching resulted in 17 matched pairs in stage

II and nine matched pairs in stage III (Table 3). In the post-

matched patients, disease-free survival rates for stage II were

39.9±13.7% with DAV-IFN-b therapy use and 73.1±11.7% with

non-use (hazard ratio for recurrence, 2.06; 95% CI, 0.63–6.69;

P = 0.23) (Fig. 3a, Table 2). Melanoma-specific survival rates for

stage II were 66.2±20.0% with DAV-IFN-b therapy use and

86.2±9.1% with non-use (hazard ratio for death, 1.09; 95% CI,

0.17–6.82; P = 0.93) (Fig. 3b, Table 2). Likewise, disease-free sur-

vival rates for stage III were 29.6±16.4% with DAV-IFN-b therapy

use and 33.3±15.7% with non-use (0.69; 95% CI, 0.22–2.17;

P = 0.53) (Fig. 3c, Table 2). Melanoma-specific survival rates for

stage III were 55.6±16.6% with DAV-IFN-b therapy use and

44.4±16.6% with non-use (0.67; 95% CI, 0.18–2.50; P = 0.55)

(Fig. 3d, Table 2). No significant difference in survival rates was

obtained in the patients with DAV-IFN-b therapy use either in

stage II or stage III.

Discussion
Chemotherapy is an accepted palliative therapy for stage IV meta-

static melanoma,12–20 and DTIC is the most widely used chemo-

therapeutic agent for metastatic melanoma.21 DTIC was originally

reported to yield objective responses in up to 25% of patients in

older phase II trials, but current large-scale trials with more rigor-

ous criteria have shown response rates of 5–12%.13,16,17 High-dose

IFN-a-2b is the only adjuvant therapy for melanoma approved by

the US Food and Drug Administration, although the impact on

overall survival is still controversial.22–25

The present study was intended to evaluate the contribution of

DAV-IFN-b therapy to the improvement of patient prognosis as

a postoperative adjuvant chemotherapy. The survival rates of

the patients with DAV-IFN-b therapy in the crude comparison at

60-month follow-up were better than those without treatment,

similar to the rate of a previously reported study3 (hazards ratio

for death, 0.63; 95% CI, 0.48–0.78, the present study). However,

the propensity-score-matched analysis revealed no significant

difference between the DAV-IFN-b therapy recipients and non-

recipients, either in disease-free survival rates or in melanoma-spe-

cific survival rates. Only in the crude comparison for stage III

patients, improvement in melanoma-specific survival rates by

DAV-IFN-b therapy was almost significant.

This was a single-institute observational study for over a decade.

Though propensity score analyses allowed us to replicate some of

the characteristics of a randomized controlled trial, they are inher-

ently limited by the number and accuracy of the variables evalu-

ated. In this respect, the numbers of matched pairs in the present

study were too small to permit robust conclusions, and we were

unable to have an even and a flat population in each stratum that

would successfully reduce the deflection between the DAV-IFN-b
therapy use group and non-use group. In addition, even after the

stratified analysis, other unknown confounders may have affected

the outcomes.26–28

In conclusion, a propensity-score-matched cohort analysis helps

us to reduce bias and gives us a clue to evaluate the efficacy of the

therapy. A randomized controlled trial would be required to fur-

ther define the efficacy and benefit of DAV-IFN-b therapy as a

postoperative adjuvant chemotherapy for stage II ⁄ III melanoma.
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