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Participating in Intergroup Trial ECOG 1694
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A B S T R A C T

Purpose
We evaluated adjuvant trial E1694 to more precisely define the prognostic significance of serum

S100B in patients with high-risk resected melanoma.

Patients and Methods
Sera from 670 E1694 patients banked at baseline and three additional time points were tested for

S100B protein using chemiluminescence.

Results

S100B testing results showed that the higher the ST100B level is, the higher the risk of relapse and
death, regardless of the cutoff value. Univariate analysis showed that baseline S100B = 0.15 ug/L
is significantly correlated with overall survival (OS; P = .01). Multivariate analysis was performed
adjusting for significant prognostic factors (ulceration and lymph node status) and treatment.
Baseline S100B was a significant prognostic factor for survival (hazard ratio = 1.39; 95% ClI,
1.01 to 1.92; P = .043). S100B values measured at later time points over 1 year were also
demonstrated to be significant prognostic factors for relapse-free survival (RFS) and OS. Lower
S100B values at baseline and during follow-up were associated with longer survival. A changing
S100B from low at baseline to high on follow-up seemed to be associated with the worst RFS
and OS.

Conclusion

For patients with high-risk surgically resected melanoma, a high baseline or increasing serum
S100B is an independent prognostic marker of risk for mortality that may allow us to refine the
application of adjuvant therapy in the future.

J Clin Oncol 27:38-44. © 2008 by American Society of Clinical Oncology

closed early based on an interim analysis in April
2000 indicating that GMK was significantly inferior
to HDI in relation to both relapse and mortality
end points.®

Serum S100B (isoforms S100AB and S100BB)
is a protein of the S100 family that has shown
promise as a prognostic marker for melanoma re-

High-risk melanoma, as defined in the past four
Eastern Cooperative Oncology Group (ECOG) and
Intergroup trials of adjuvant high-dose interferon
alfa-2b (HDI), is a disease that, after surgery, is
associated with a recurrence and/or mortality risk

higher than 35% to 50%; as formulated by the
most recent sixth edition American Joint Commit-
tee on Cancer (AJCC) system, this is equivalent to
= stage 1B disease.'”

ECOG and Intergroup trials of adjuvant treat-
ment for melanoma conducted since 1984 (E1684,
E1690, and E1694) have examined the effect of ther-
apy with HDI on relapse-free survival (RES) and
overall survival (OS) in patients with AJCC stage
IIB or III disease (except current AJCC stage IIIC
disease).*” Intergroup trial E1694 was a randomized
comparison of the GM2 ganglioside vaccine (GMK)
versus HDI that accrued 880 patients. This trial was
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lapse and mortality risk. S100B is shed by melanoma
cells,? and its level in the peripheral blood has been
investigated as a melanoma biomarker,” " where its
prognostic potential is supported by many reports in
the literature.'*° Serum S100B has been demon-
strated to be similarly reliable to serum lactate dehy-
drogenase (LDH) with respect to the prediction of
clinical outcome in a recent study of 179 patients
with AJCC stage III to IV melanoma tested at diag-
nosis. Survival analysis indicated that initially ele-
vated LDH and S100B levels in patients with stage IV
disease predict comparably short survival.'* S100B
has been shown to be an independent prognostic
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factor and to be valuable for the detection of tumor progression or
metastases.'”'®! The mean serum concentration of S100B protein
has been reported to be significantly related to the clinical stage in
melanoma and to have a high sensitivity and specificity for the detec-
tion of metastatic melanoma.'>'>** Therefore, we have evaluated
blood sera collected in the context of the E1694 trial to more precisely
define the prognostic significance of serial serum S100B protein levels
in high-risk surgically resected melanoma patients.

Patients
Sera from E1694 patients banked before treatment and after initiation of
therapy at weeks 4 to 6, weeks 12 to 14, and weeks 48 to 52 were used.

Chemiluminescence

Sera from 670 patients enrolled onto E1694 were analyzed for S100B
levels by chemiluminescence using the LIAISON Sangtec 100 diagnostic sys-
tem (DiaSorin, Inc, Saluggia, Italy), a quantitative fully automated immuno-
assay analyzer (range, 0.02 to 30 ug/L; lowest detection level = 0.02 ug/L;
normal reference range, < 0.15 ug/L, as established in feasibility studies
performed at DiaSorin, Inc). After the development of a test for determination
of the isoforms S100-A1B and S100-BB in serum (S100B), several sensitive
assays for the detection of serum S100B have become available. One study
compared four S100B assays, two automated assays (LIAISON Sangtec 100
and Elecsys S100 [Roche Diagnostics GmbH, Penzberg, Germany]) and two
manual ones (Sangtec 100 enzyme-linked immunosorbent assay and CanAg
§100 EIA [CanAg Diagnostics AB, Gothenburg, Sweden]), with respect to
clinical data, reference values, and correlation. The interassay and intra-assay
coefficients of variation were best for the automated assays. Method compar-
ison revealed satisfactory correlation coefficients of 0.9 or higher. The overall
sensitivity for melanoma was highest with LIAISON Sangtec 100 (47% for all
stages of melanoma and reaching 77% for stage IV). Receiver operating char-
acteristic curves showed the best accuracy for the LIAISON Sangtec 100 assay
(area under the curve, 0.744; 95% CI, 0.652 to 0.837).>*

Statistical Analysis

Using OS as the primary end point and RES as a secondary end point of
this study, we assessed the effect of elevated serum S100B level at baseline and
during therapy. The Kaplan-Meier method* was used to evaluate RFS and OS
in univariate analysis. The difference in RES or OS by the baseline S100B level
was compared using the log-rank test. Cox proportional hazards regression
models®® were used to evaluate the significance of S100B levels adjusting for
treatment assignment (HDI v GMK) and other established prognostic factors
(sex, age, ECOG performance status [PS], pigmentation of primary melanoma
lesion [melanotic v Amelanotic], ulceration, Breslow depth, Clark level, nodal
involvement, and AJCC stage). The categoric variables were used as presented
in Table 1, and the continuous variables (age, size of primary melanoma lesion,
and Breslow depth) were dichotomized using the median value. S100B value
was dichotomized using the established upper limit of normal value of
0.15 ug/L.

S100B levels at baseline and at subsequent time points were also evalu-
ated in the Cox model. Repeated measurements of S100B were considered as
time-varying covariates in the Cox model. To adjust for a possible bias in favor
of patients with later time point S100B samples, a landmark analysis*® was also
considered. All of the P values presented are based on two-sided signifi-
cance tests.

E1694
Six hundred seventy patients were included in this analysis. Of
these, 334 patients were alive as of May 2007. The median follow-up
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time of these patients was 7.8 years (range, 1.4 to 10.6 years). The
median OS time is 7.2 years (95% CI, 6.0 years to not reached). RFS
was assessed in 667 patients. Of these, 408 patients have experienced
relapse thus far. The median RFS time was 3.1 years (95% CI, 2.4 to
3.7 years).

Baseline patient characteristics are listed in Table 1. At baseline,
the median serum S100B value was 0.08 ug/L (range, 0.02 to 1.54

Table 1. Summary of Baseline Characteristics and Clinical Data for
E1694 Patients

Characteristic No. of Patients” %

0OS, years

Median 7.2

95% ClI 6.0to NR
RFS, years 3.1

Median 3.1

95% ClI 2.4t03.7
Baseline S1008B level, ug/L

Median 0.08

Range 0.02to 1.54
Age, years (n = 669)

Median 51

Range 1910 81
Size of primary melanoma, cm (n = 470)

Median 1.2

Range 0.1t011.5
Breslow depth, mm (n = 594)

Median 3.28

Range 0.05t0 45
Sex (n = 669)

Male 426 64

Female 246 36
ECOG PS (n = 669)

0 536 80

1 133 20
Pigmentation (n = 528)

Melanotic 482 91

Amelanotic 46 9
Ulceration (n = 553)

No 321 58

Yes 232 42
Clark level (n = 582)

| 4 <1

Il 24 4

1l 112 19

vV 340 58

V 101 17
AJCC stage

I1B 161 24

1l 509 76
No. of positive nodes (n = 676)

0 162 24

1 273 40

2-3 152 23

4+ 89 13
Treatment

GMK 329 49

HDI 341 51

Abbreviations: OS, overall survival, NR, not reached; RFS, relapse-free
survival; ECOG, Eastern Cooperative Oncology Group; PS, performance
status; AJCC, American Joint Committee on Cancer; GMK, GM2 ganglioside
vaccine; HDI, high-dose interferon alfa-2b.

“Total No. of patients was 670 unless otherwise noted.
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pg/L;n = 670). The higher the S100B level was, the higher was the risk
of relapse and death. At baseline (Figs 1A and 1B), 582 patients (87%)
had an S100B level less than 0.15 ug/L (normal), and 88 patients
(13%) had an S100B level = 0.15 ug/L (high).

In the univariate analysis (log-rank test), a baseline S100B level
= 0.15 pg/L significantly correlated with OS (P = .010), although it
correlated less significantly with RES (P = .062). Figures 1A and 1B
display the Kaplan-Meier plots of OS and RFS by the baseline S100B
level (normal v high).

In developing a multivariate model, first, univariate analyses
were carried out using baseline S100B (< v = 0.15 ug/L), sex (male v
female), ECOG PS (0 v 1), pigmentation of primary melanoma (no v
yes), ulceration (no v yes), size of primary melanoma (< v = 1.2 cm),
Clarklevel (I I, IIL, IV, or V), Breslow depth (< v = 3.28 mm), lymph
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Fig 1. (A) Overall survival for E1694 patients (n = 670) with baseline S100B level
of = 0.15 ug/L (high) compared with less than 0.15 ug/L (normal). (B)
Recurrence-free survival for E1694 patients (n = 667) with baseline S100B level
of = 0.15 pg/L (high) compared with less than 0.15 pg/L (normal).
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node involvement at random assignment (0, 1, 2-3, or 4+), AJCC
stage (I vIII), age (< v = 51 years), and treatment arm (HDI v GMK)
for OS and RFS. Note that the categoric variables, as defined in Table 1,
and the continuous variables (age, size, and Breslow depth) were
dichotomized using the median value. Baseline S100B (P = .010),
node involvement (P < .001), age (P = .009), PS (P = .044), stage
(P <.001), and ulceration (P = .007) proved to be significant prog-
nostic factors for OS. Treatment was not significant (P = .312) for OS;
however, in patients with a high baseline S100B level (= 0.15 ug/L),
patients treated with HDI experienced a longer survival (P = .028).

The multivariate Cox model for OS was selected in the follow-
ing way. Initially, all six significant covariates and treatment were
included in the model; the least significant covariate in this model was
stage (P = .795), and stage was eliminated. In the model with five
significant covariates and treatment, the least significant covariate was
PS (P = .227), and PS was eliminated. In the next model with four
covariates and treatment, age was the least significant covariate
(P = .088) and was eliminated. This process led to the final model
summarized in Table 2. The Cox model for OS included the baseline
S100B level, node involvement, ulceration, and treatment. S100B was
significantly associated with OS (P = .043) after adjusting for the other
significant prognostic factors.

In univariate analyses for RFS, ulceration (P < .001), size
(P = .026), stage (P = .003), and node involvement (<< 0.001) were
significant, and S100B (P = .062) and treatment (P = .106) were
marginally significant. Patients with a baseline S100B level of
= 0.15 ug/L experienced a longer RFS when treated with HDI
(P =.018). A similar final model selection process as described for the
final model for OS was used for the RES model. Table 2 shows the final
multivariate model for OS and RFS.

There were four time points when serum samples were collected
and assayed for S100B; these were at baseline (n = 670), weeks 4 to 6
(n = 615), weeks 12 to 14 (n = 562), and weeks 48 to 52 (n = 395).
These S100B values were also evaluated. The baseline proportion of
patients with an S100B level = 0.15 ug/L was 13%. Subsequently, this
proportion increased to 21%, 20%, and 20% at weeks 4 to 6, 12 to 14,
and 48 to 52. Of the 670 patients, 611 survived at least 1 year. To adjust
for a possible lead time bias, only the 611 patients who survived at least
1 year were included in evaluating S100B values collected over 1 year.
In these 611 patients, the changes in S100B values over time were
categorized into the following three groups: group A = 378 patients
(62%) with an S100B value of less than 0.15 ug/L at baseline and
any of the later time points; group B = 71 patients (12%) with a
baseline S100B value = 0.15 ug/L; and group C = 162 patients (26%)
with an S100B value of less than 0.15 ug/L at baseline that then
increased to = 0.15 ug/L at any one of the later time points. The
median OS has not been reached for group A (95% CI, 7.0 years to not
reached). The median OS was 7.8 years (95% CI, 4.7 years to not
reached) for group B and 7.0 years (95% CI, 4.5 to not reached) for
group C. The OS distribution was marginally significantly different in
these three groups (P = .099 by log-rank test). The comparison of OS
between groups A and C was significant (P = .048). Of the 611
patients, 608 had RFS assessed. The median RFS was 4.6 years (95%
CI, 3.5 to 6.0 years) for group A, 4.3 years (95% CI, 1.5 to 7.0 years)
for group B, and 2.4 years (95% CI, 1.7 to 5.0 years) for group C.
The RFS distribution was significantly different in these three groups
(P = .058). The comparison of RFS between groups A and C was
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Table 2. Multivariate Cox Model for Baseline S100B, Treatment, Ulceration, and Lymph Node Status in E1694

RFS oS
Variable HR 95% ClI P HR 95% Cl P
S100B 1.18 0.87 to 1.50 .293 1.39 1.01t01.92 .043
Treatment 0.81 0.65to 1.01 .056 0.88 0.69to 1.44 .265
Ulceration 1.66 1.34 t02.05 .001 1.54 1.22t01.94 < .001
Lymph node 1.36 1.22101.51 .001 1.62 1.35t01.71 <.001

Abbreviations: RFS, relapse-free survival; OS, overall survival; HR, hazard ratio.

significant (P = .017). Figures 2A and 2B display the Kaplan-Meier
plots for OS and RES by the three groups.

Subset analyses were conducted to evaluate the survival prognos-
tic value of S100B at later time points. For weeks 4 to 6, to adjust for the
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Fig 2. (A) Overall survival and (B) for recurrence-free survival for E1694
patients by S100B trend (normal, high, or changing from normal to high at
later time points).
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possibility of lead time bias, only patients who survived at least 4 weeks
were included. In the Cox model including both baseline and week 4
to 6 values as covariates, only the week 4 to 6 S100B level was signifi-
cant (P = .039; hazard ratio [HR] = 1.33). Similarly, including
patients who survived at least 12 weeks, the S100B level at weeks 12
to 14 was significant (P = .001; HR = 1.62) after adjusting for the
baseline S100B level. Including patients who survived at least 48
weeks, the S100B level at week 48+ was a significant predictor
(P <.001; HR = 2.21) after adjusting for the baseline level. SI00B
level at week 48+ remains significant (P = .002; HR = 2.10) when
adjusted for nodal status, ulceration, treatment, and baseline S100B
value in the Cox model. For RFS, subset analyses evaluating the later
time point S100B levels, while adjusting for baseline values, indicated
that these are significant predictors of relapse (P = .001 for weeks 4 to
6, P = .001 for weeks 12 to 14, and P = .051 for week 48).

Given the larger portion of data missing for the last week 48+
measurement (266 of 661 patients; 40%), we used the S100B data from
the first three time points (baseline, weeks 4 to 6, and weeks 12 to 14)
as time-varying covariates in the Cox regression model while adjusting
for the other significant prognostic factors (node involvement, ulcer-
ation, and treatment). S100B level proved to be a significant predictor
ofboth death and relapse. HR for death was 1.44 (95% CI, 1.06 to 1.95;
P = .0210), and HR for relapse was 1.70 (95% CI, 1.21 to 1.92;
P <.001). Table 3 lists these results.

No serum biomarkers have reliably demonstrated the capacity to
predict disease outcome in the adjuvant setting of high-risk mela-
noma. The sixth edition (2002) AJCC staging system has recognized
the importance of serum LDH as an independent prognostic factor in
advanced inoperable melanoma.>*”"*® Accumulating data suggest a
potential role of serum S100B protein as a promising prognostic
marker for relapse and mortality risk in melanoma,'?™>!71831-32

The results of this study demonstrate that higher serum S100B
levels are associated with poorer prognosis in terms of relapse and
survival. To demonstrate the relationship between higher S100B val-
ues and higher risk of relapse and death, in Table 4, 5-year OS and
3-year RFS rates are listed by 25th percentile (0.06 ug/L), 50th percen-
tile (0.08 ug/L), 75th percentile (0.11 ug/L) values of S100B and the
upper limit of normal value of 0.15 ug/L. Using the specified cutoff
values, low and high categories were generated, and the clinical out-
come is summarized in each category. As the S100B cutoff value
increases (0.06, 0.08, and 0.11 ug/L), the 5-year OS and 3-year RFS
rates under the high category become smaller, and the difference in 5
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Table 3. Multivariate Cox Model for ST00B Values (at baseline, weeks 4 to 6, and weeks 12 to 14 as time-varying covariate), Treatment, Ulceration,
and Lymph Node Status in E1694

RFS (O]

Variable HR 95% Cl P HR 95% ClI P
S100B values 1.70 1.21t01.91 <.001 1.44 1.06 to 1.95 .021
Treatment 0.80 0.64 to 1.00 .060 0.99 0.76 t0 1.28 918
Ulceration 1.65 1.311t02.07 <.001 1.48 1.14t0 1.93 .003
Lymph node 1.37 1.21t01.54 <.001 1.46 1.281t0 1.67 < .001

Abbreviations: RFS, relapse-free survival; OS, overall survival; HR, hazard ratio.

year-OS and 3-year RFS rates between low and high groups becomes
larger. The cutoff value of 0.15 ug/L also demonstrates a similar trend.

We chose 0.15 ug/L as our cutoff value because this was the upper
limit of normal demonstrated earlier in feasibility studies performed
by the manufacturer using the chemiluminescence assay (LIAISON
Sangtec 100 diagnostic system; DiaSorin Inc).” This is also justified
given the distribution of S100B values noted in this study. We evalu-
ated the prognostic significance of S100B independently at baseline
and then at all time points simultaneously as time-varying repeated
covariates in the Cox model.

In E1694, baseline S100B (= 0.15 ug/L by chemiluminescence)
significantly correlated with OS, and there was a strong trend toward
correlation with RFS (P = .062). In the multivariable assessment of the
results of E1694, after adjusting for treatment, lymph node status, age,
PS, ulceration, and baseline S100B level of = 0.15 ug/L were signifi-
cant adverse prognostic markers for death, with lesser correlations to
relapse. Using S100B variables simultaneously analyzed as time-
varying repeated covariates in the Cox regression model (three time
points: baseline, weeks 4 to 6, and weeks 12 to 14; week 48+ was not
used given the large degree of missing data for the week 48+ S100B
measurement), the S100B value proved to be a significant predictor
for OS and RES. These results indicate that baseline S100B is a
significant prognostic marker for mortality as shown in E1694.
This biomarker is more powerful when considered using repeated
measurements and, in this setting, has prognostic value both for re-
lapse and for death, becoming more significant with time for the later
time points. An increasing S100B value may be an indication for
thorough evaluation to detect subclinical relapsed disease, where early
detection may allow more effective interventions to be applied. The
prognostic value of S100B in relation to OS was also evident in E1694
when classifying patients based on their baseline S100B value and its
change over time. Group A (S100B < 0.15 ug/L at baseline and any of
the later time points) patients had significantly longer survival than
group C patients (S100B < 0.15 ug/L at baseline that then changed
to = 0.15 pg/L at any of the later time points; P = .048). The compar-

ison of RES between groups A and C was also significant (P = .017). As
shown in Figures 2A and 2B, patients in group C (S100B changing
from normal to high) seem to have the worst RES and OS. These
findings support the survival prognostic value of S100B when tested at
baseline and in follow-up.

Patients who continue to have a low S100B value have better
survival compared with patients whose S100B level starts to increase at
a later time point, where it may be associated with recurrent disease.
Patients who have a high S100B at baseline seem to have a worse
prognosis compared with patients with a low S100B value. Therefore,
a high S100B level at baseline or an increasing S100B level during
follow-up is associated with a higher risk of relapse and mortality and
might be considered an indication for early intervention.

Another potential value of S100B is in the stratification of pa-
tients into higher and lower risk groups that may best be studied
separately in terms of benefit from adjuvant therapy in future studies.
Such a role for a serum biomarker has emerged for LDH in advanced
metastatic melanoma patients, and S100B may fulfill a similar role in
the future design of adjuvant clinical trials. LDH has been shown to
have strong, incremental prognostic value (P < .0001) based on the
analysis of a recent phase III trial with oblimersen (Bcl-2 antisense;
n = 771) and the large European Organisation for Research and
Treatment of Cancer 18951 Biochemotherapy trial (n = 365) in ad-
vanced melanoma.*!

In addition, testing the prognostic value of this biomarker for
disease outcome and the predictive value for therapeutic response
is obviously warranted in combination with other promising bi-
omarkers in melanoma including serum C-reactive protein, serum
melanoma-inhibitory activity, and serum LDH. Additional new bi-
omarkers of autoimmunity and antitumor immunity also need to be
evaluated; recent evidence suggests that the development of signs of
autoimmunity is strongly correlated with therapeutic benefit of inter-
feron alfa-2b.** With these approaches, it is hoped that we will learn
how to improve and refine adjuvant therapy of melanoma, which has
evolved little since 1996.

Table 4. Five-Year OS and 3-Year RFS Rates by 25th (0.06 ug/L), 50th (0.08 ug/L), 75th (0.11 ug/L) Percentile Values of Baseline S100B
and ULN Value of 0.15 pg/L

Cutoff Level (ug/L)

0.06 0.08 0.11 0.15
Survival Low High Low High Low High Low High
5-Year OS, % 60 57 59 55 61 47 59 48
3-Year RFS, % 49 51 52 50 53 44 51 41

Abbreviations: OS, overall survival; RFS, relapse-free survival; ULN, upper limit of normal.

42  © 2008 by American Society of Clinical Oncology
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Serum protein S100B is a valuable prognostic biomarker that is
significantly correlated with mortality risk when assessed at baseline as

well as at later time points among patients with high-risk resectable

melanoma. The prognostic value of elevated S100B in relation to
survival is most significant at baseline, when tested after surgical resec-
tion of disease; it is also of use on follow-up testing during and after
therapy. Additional testing to confirm the prognostic value of S100B is
planned as part of ongoing (ECOG 1697) and planned studies of

adjuvant therapy in melanoma.
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