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Opposing effects of immunotherapy in melanoma using multisubtype
interferon-alpha – can tumor immune escape after immunotherapy accelerate disease
progression?
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ABSTRACT
With checkpoint inhibitors, patients with advanced melanoma display durable responses suggesting cure
of disease. However, the immune system has dual roles in cancer; while the immune system may eradicate
a tumor, a subtotal elimination may selectively destroy immunogenic cells driving the proliferation of non-
immunogenic tumors. Here, we performed a retrospective analysis of results obtained in a controlled trial
of patients with melanoma treated with adjuvant, multisubtype interferon-a. The survival curves displayed
a late divergence for treated patients and controls resulting in substantially higher estimates of overall
(OS) and relapse-free survival (RFS) rates among treated patients after 9 y of follow up. Interestingly,
succumbing patients in the treatment group displayed reduced time between relapse and death,
suggesting therapy-induced acceleration of disease progression. These findings suggest that effective
immunotherapy that induces durable, curative responses in some patients, may potentially accelerate
disease progression in others, highlighting the importance of developing advanced strategies to identify
patients who are likely to benefit from immunotherapy.
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Introduction

The idea that the immune system has a role in preventing and
combatting cancer was first described by Burnet in 1957.1 After
decades of intense debate, it is now generally accepted that the
immune system has a role in cancer,2 and that it may act as a
double-edged sword on a tumor.3 Thus, on the one hand, cyto-
toxic effector cells eliminate malignant cells with an aberrant
phenotype; on the other hand, by selectively killing off immuno-
genic cells, the immune system contributes to the development
of immunoevasive cancer cell phenotypes that may increase dis-
ease progression. These processes were coined cancer immunoe-
diting by Dunn et al.4 The immunoediting processes have been
thoroughly studied in rodents, but few, if any, human studies
have addressed this concept in clinical studies. In rodents, mech-
anistic studies using genetically engineered mice have demon-
strated that Type I interferons plays important roles in
antitumor immunity, both by editing the afferent antitumor
immune response via effects on dendritic cells and by stimulat-
ing efferent immune responses via actions on various cytotoxic
cells.5,6 In humans it has been found that activation of afferent
immunity is stimulated by the IFN-a subtype IFN-a1,7 whereas
efferent immunity to a major part is stimulated by IFN-a2.7,8 In
a study by Stadler et al patients with melanoma were treated
with adjuvant, native, multisubtype IFN-a comprising both IFN-
a1 and -a2.9

A long-term follow-up of the patients in the original study by
Stadler and coworkers showed that the therapeutic regimen

employed predominantly prevented late relapses and deaths.10 In
the present study, we retrospectively reevaluated the results
obtained in a homogeneous subgroup of patients (stage 3b) of
this study, focusing on the patients who succumbed to mela-
noma. In agreement with the imunoediting theory we found that
IFN-a immunotherapy substantially increased overall and RFS,
but also that treated patients who relapsed and died displayed a
higher rate of disease progression than control patients.

Results and Discussion

Relapse-free survival (RFS) and overall survival (OS) in
treated patients and controls

In the original, prospective, randomized, multicentre study by
Stadler et al,9 patients with totally resected cutaneous mela-
noma in various stages were either treated with dacarbazine
(DTIC) followed by a 6-mo treatment with highly purified nat-
ural interferon-a, or received no adjuvant treatment. The
results of the original trial comprising 252 individuals have
been described previously.9 In brief, the OS curves of the two
treatments arms initially overlapped and the treatment effect
did not become apparent until several years after the end of
treatment. Beneficial effect of the treatment was observed in all
the three separately randomized strata of the trial. The effects
in stage two patients were principally observed in stage 2b
patients and stage 3a patients were too few to provide a basis
for a meaningful analysis. By contrast, stage 3b patients
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comprised a homogeneous group of a sufficient number of
individuals (n D 106; 54 treated and 52 controls) to justify a
detailed retrospective analysis of the results.

An ITT analysis of the RFS in treated stage 3b patients and
controls indicated that the treatment caused an early inhibition
of the progression of the disease, resulting in a prolongation of
the time to relapse in the patients (Fig. 1A). The rate of relapses
was lower among treated patients than in the controls through-
out the study. Remarkably, in sharp contrast to the controls,
there were no relapses at all among the treated patients after
3 y, that is during a period of 2 to 7.7 y following completion of
therapy. Analysis of the OS curves for the two arms of the study
(Fig. 1B) showed essentially overlapping curves during the first
year and thereafter, for about 2 y, a tendency to accelerated
progression in the treatment arm. Finally, after crossover of the
curves, there was a clear late divergence of the survival curves.
The most prominent finding in the ITT analysis was thus that
both RFS and OS curves showed a clear late divergence of
treated patients and controls resulting in survival figures at
long-term follow-up that were remarkably higher in the treated
patients than in the controls (Fig. 1A, B). The late divergence of
survival curves is a typical finding in immunotherapy as
opposed to chemotherapy, and has commonly been misinter-
preted as a sign of a delayed effect of immunotherapy.11-16

However, as we have described earlier, late divergence of
survival curves is in fact more likely to reflect early elimina-
tion of tumor cells.17 The explanation for this is essentially
that late divergence results from the presence of late events
only in the control arm of the study. An event that appears
late indicates that the disease is slowly progressive, and thus
late curve divergence is a consequence of prevention of late
events, which means that the immune system preferentially
inhibits a slowly progressing tumor. The elimination/control
of the tumor in a treated patient may have occurred at any
time point preceding the prevented event observed in the
control arm, but is arguably more likely to occur in the
early phase when the tumor load is the lowest. Therefore,

seemingly paradoxically, late divergence of survival curves,
which is a typical feature in the present study, is indicative
of early tumor cell elimination.

As shown in Fig. 1, survival analyses were performed using log
rank test as defined in the original study protocol, but also by sim-
ple comparison of survival frequencies using a method described
by Kalbfleisch and Prentice.18 It is important to note that initially
overlapping and later diverging survival curves mean non-propor-
tional hazards over time. As we and others have observed,17,19,20

statistical tests based on the Cox model, such as log rank test or
Cox proportional hazards test, for analyzing efficacy in immuno-
therapy trials are inappropriate in cases where hazard ratios are
not constant. In fact, the results obtained using the commonly
employed log rank tests were, in the present study, clearly mis-
leading, in particular with respect to the OS results.

Time from relapse to death in treated patients and
controls

Comparison of the RFS and OS curves shown above suggested
that the treatment might have a dual effect on progression of
the disease. Therefore, we evaluated the time from relapse to
death in all succumbing patients. In the total group of 252
patients who participated in the original study, a comparison of
the time between relapse and death showed that this time was
shorter in treated patients than in controls (data not shown,
p D 0.024). In the homogeneous group of stage 3b patients
(n D 106), data regarding relapse and death were available
from all treated patients, while seven patients in the control
group were lost to follow up regarding date of relapse. As
shown in Fig. 2A, an analysis of all succumbing patients
(n D 29) in the treatment arm compared to the 33 succumbing
control individuals revealed a significantly reduced relapse-
death time in the former as compared to the latter group (pD
0.027). Notably, only half of the treated patients who finally
succumbed remained relapse-free long enough to have a chance
to receive the full treatment schedule of 225 d. A landmark

Figure 1. RFS and OS in patients receiving multisubtype IFN-a The panels show Kaplan–Meier plots of RFS (A) and OS (B) for stage 3b patients treated with native, multi-
subtype IFN-a (n D 54) or corresponding controls (n D 52). The statistical analysis of RFS (A) using log rank (LR) test showed a p-value of 0.02, while a direct comparison
of RFS rates§ standard error at 8.7 y using the Kalbfleisch Prentice (KP) method showed a pronounced and statistically significant (pD 0.001) difference between treated
patients and controls (38.9§ 6.6% vs. 12.3§ 4.9%). In panel B, as reported previously (17), the analysis of the OS showed no statistical significance using the log rank test
(p D 0.14), but a direct comparison of the OS rates after 9 y showed statistically significant differences (p D 0.009) between the OS rates § standard error of the treated
patients and controls (45.9 § 6.9% vs. 22.1§ 6.0%).17
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analysis, excluding treated patients and controls who relapsed
before 225 d (Fig. 2B) showed a more pronounced difference
between treated patients and controls (p D 0.008).

We have previously reported that immunotherapy with
native multi-subtype IFN-a preferentially prevents late relapses
and deaths.17 Thus, patients with late relapses, who by defini-
tion display a slow disease progression, were predominantly
found in succumbing control group patients. To correct for this
difference between the two groups, we plotted time between
relapse and death versus time to death and excluded all relapses
and deaths after 3 y. As shown in Fig. 2C, treated patients who
were destined to succumb still displayed a more rapid progres-
sion after relapse as illustrated by the less steep regression line.

Taken together, the data obtained suggest that the treatment
accelerated disease progression in patients who failed to elimi-
nate the tumor or to establish long-term control of the tumor
progression. An aggravated course of disease is in line with the
third phase of the cancer immunoediting theory, i.e. the phase of
tumor escape. It should be noted, however, that the comparison
between rates of progression in treated patients and controls
included those patients who had very slow progression, and these
patients were predominantly found among the controls. How-
ever, also when excluding patients with late relapses and deaths,
tumors among succumbing patients in the treatment group
seemed to progress more rapidly than in corresponding patients
in the control group. Thus, the observed accelerated disease pro-
gression in treated patients may at least partly be a consequence

of a enhanced elimination of immunogenic tumor cells, allowing
for an escape of less immunogenic tumor cells that drive an
accelerated progression of disease.

When summarizing the results presented in this investi-
gation, one should be aware that the study is retrospective
and of exploratory nature. Results concerning efficacy
should therefore be interpreted with caution. However, the
results do suggest that the treatment employed will cause
early, complete elimination of tumor cells, which as an end
result may lead to cure of the disease. In the present study
the RFS and OS rates at final follow-up after nearly 9 y
showed a substantial increase among treated patients.
Remarkably, 39% of the patients who had been assigned to
the treatment arm were alive without having experienced
any relapses during this long follow-up period compared to
only 12% in the control group. Considering the fact that
these results were obtained by ITT analyses of a random-
ized population of patients of which only about half
received a full treatment schedule, the results make the pos-
sibility of cure in some of these patients likely. At the same
time, the study suggests that the treatment in parallel trig-
gered accelerated disease progression and death in another
fraction of patients. Although more studies are warranted
to confirm these opposing findings in other immunothera-
peutic settings, they highlight the importance of developing
sophisticated strategies to identify patients who are likely to
benefit from immunotherapy.

Figure 2. Rate of disease progression in treated patients and controls as reflected by time between relapse and death. Panel A shows time between relapse and death in
control patients (filled squares; n D 33) and IFN-a-treated patients (filled circles; n D 29). Panel B shows the corresponding results in a landmark analysis (controls, filled
squares, n D 15; treated, filled circles, n D 14) excluding patients with relapse dates before day 225 of the study, corresponding to the end of the treatment schedule.
Panel C shows time between relapse and death vs. time to death for controls (open squares, dotted line) and treated patients (filled circles, solid line). The slopes of the
regression lines were significantly different (p D 0.048).
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Patients and methods

The patients in the study were from a controlled trial evaluating
treatment with native, multisubtype, IFN-a, preceded by dacar-
bazine, in patients in various stages of cutaneous melanoma after
resection of the primary tumor.9 Prior to treatment the 252
patients in the trial were stratified into 3 strata corresponding to
stage 2 (no metastases), 3a (local or in-transit metastases) and 3b
(regional lymph node metastases), respectively, and then ran-
domized into either of 2 arms, 1 involving treatment with 2
injections of dacarbazine, 1 mo apart, followed by 24 weeks of
treatment with multisubtype IFN-a (Multiferon, 3 million units,
3 times/week), and the second, control, arm given no antitumor
treatment. For the present study we included all stage 3b
patients. These 106 patients all had signs of regional lymph node
involvement at diagnosis, and they were randomized into either
a treatment (nD54) or a control (nD52) arm. The mean age of
the 54 patient in the treated patients was 49.4 y and in the 52
control patients 52.5 y. The male to female ratio was 1.8:1
among treated patients and 1.7:1 among the controls. The thick-
ness of the primary tumor varied between 0.2 and 40 mm with
no statistical significant difference between the two groups of
treated patients and controls (median values, 1.8 and 2.2 mm,
respectively). Data regarding dates for relapse and death were
available from all treated patients, relapse data from seven
patients in the control group were not available. Treatment was
incomplete (duration of treatment less than 225 d) in 13 patients
since it was consistently discontinued as soon as any relapse
occurred. In fact, six of the patients in the treatment arm did
not receive any interferon-a at all. If not stated otherwise statisti-
cal tests used in the study were based on ITT populations.

Survival analyses were performed using log rank test as
defined in the original study protocol. However, as reported
previously,17 the survival curves for treated and non-treated
patients obtained in the original study showed a late divergence
resulting in non-proportional hazards, meaning that this type
of test was an unsuitable analytical tool. Therefore, in the retro-
spective analysis described below, we also performed simple
comparison of survival frequencies using a method described
by Kalbfleisch and Prentice.18 Group comparisons were made
using Mann–Whitney U-tests.

Native IFN-a

The preparation of native IFN-a used for the therapy was made
by Bionative AB (Umea

�
, Sweden). The preparation contained

seven different subtypes of IFN-a, primarily substantial
amounts of IFN-a1 and a2, but also, to a lesser degree, IFN-a
8, 10, 14, 21 and trace amounts of IFN a 17.
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