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ARTICLE INFO ABSTRACT

Keywords: As a subset of advanced melanoma patients derive long-term benefit from anti-PD-1 therapy, early identification
Melanoma of non-responsiveness would enable an early switch to next line therapies. This study assessed if an early increase
Serum tumour marker in S100B or lactate dehydrogenase (LDH) could be predictive for non-responsiveness to anti-PD-1. We retro-
i]l)(;;)B spectively analysed advanced melanoma patients treated with anti-PD-1 monotherapy. Serum S100B and LDH
ADti-PD-1 levels were measured at baseline and before every infusion. Non-response was defined as progression or death at
Response 6 months. Marker cut-offs were defined based on > 95% specificity and feasibility in clinical practice. For

validation an independent cohort was analysed. In total, 313 patients were included (166 patients in training
cohort, 147 patients in validation cohort). Increase of > 50% in LDH or > 100% in S100B above upper limit of
normal at week 6 compared to baseline was determined as criterion to positively test for non-responsiveness. In
the validation cohort, obtained specificity of the combination test was > 95% with a positive predictive value of
82%; obtained sensitivity was lower (21%), with a negative predictive value of 55%. Early increase in S100B or
LDH is a strong parameter for non-responsiveness to anti-PD-1 in advanced melanoma. Prospective confirmation
is needed before clinical implementation.

1. Introduction

Checkpoint inhibitors and targeted therapy have revolutionized
treatment for advanced melanoma patients [1]. Although the 3-year
overall survival (OS) has improved from 10% a decade ago, when pa-
tients could be treated only with chemotherapy, to 50% nowadays with
anti-PD-1 based therapies, still the majority of patients does not derive
long-term benefit [2]. To maximize treatment benefit for individual
patients, there is a strong need for biomarkers that identify patients that
will derive durable benefit from checkpoint inhibition and those who
will not.

Preferentially, baseline biomarkers would be able to guide first-line
therapy. For patients with a BRAF-mutated melanoma, anti-PD-1
monoclonal antibody (mAb) monotherapy (pembrolizumab or nivolu-
mab), combination of ipilimumab (anti-CTLA-4 mAb) plus nivolumab or
combination BRAF plus MEK inhibition are all viable treatment options
[2]. Unfortunately, the baseline biomarkers that characterise patients
with the highest chance of long-term benefit are the same for all treat-
ment modalities [3,4]. These are the patients with low lactate dehy-
drogenase (LDH) levels, low tumour load, metastases in less than three
organs and a good performance status [5,6]. Since anti-PD-1 mono-
therapy has a favourable toxicity profile, patients with favourable
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characteristics often start with pembrolizumab or nivolumab.

With a plethora of new (combination) therapies that might become
available within the upcoming years, the choice for the right first-line
and subsequent therapies will become even more challenging [7].
Therefore, early identification of non-responsiveness to an initiated
therapy is important to enable an early switch to subsequent (combi-
nation) therapies when patients are still in the best clinical condition.

Therapy response evaluation by imaging regularly takes place every
12 weeks after initiation of therapy. Approximately 30-40% of patients
treated with anti-PD-1 monotherapy are diagnosed with progressive
disease at first radiographic evaluation [8,9]. It would be relevant to
identify progression earlier by less invasive and less costly diagnostic
methods. Therefore, we wondered whether early non-responsiveness
could be identified by increases of generally available blood-based
tumour markers.

Serum LDH is a well-established biomarker for metastatic melanoma
and is part of the AJCC staging criteria since 2001 [10]. High levels of
serum LDH are associated with worse prognosis. Baseline LDH is
correlated with response to checkpoint inhibition [5,11] and a high LDH
level is associated with impaired progression-free survival (PFS) and OS
to both immune- and targeted therapy [9,12]. The S100 calcium binding
protein B (S100B) is a more sensitive marker in advanced malignant
melanoma [13]. It has been shown that elevated serum levels of S100B
are associated with higher tumour load and poor survival in melanoma
patients treated with chemotherapy [14-17]. Furthermore, it could be a
useful marker in detecting recurrence in stage III patients after resection
[18,19]. In patients treated with ipilimumab elevated baseline S100B
and/or an increase in S100B during treatment is associated with
impaired OS [20,21].

The aim of our study was to assess if an early increase in S100B or
LDH could be predictive for non-response to anti-PD-1 monotherapy. In
our institute, a method and software package called Biomarker Response
Characteristic (BReC) plot application was developed to assess the
applicability of serum tumour marker changes in the response assess-
ment [22]. For this study we used this application to design and validate
biomarker-response based tests that allow an early and accurate detec-
tion of non-responsiveness to anti-PD-1 monotherapy in advanced
melanoma patients.

2. Methods
2.1. Study design

We retrospectively identified advanced melanoma patients treated
with anti-PD-1 monotherapy in the Netherlands Cancer Institute. Patient
characteristics, laboratory values and radiologic response data were
retrieved from electronic patients records. The study was approved by
the institutional review board of our institute (IRBd19049).

2.2. Study population and treatment

All consecutive patients who started treatment with pembrolizumab
between June 2014 and August 2016 were included in the training
cohort. For the validation cohort, we analysed all consecutive patients
that were treated with nivolumab between September 2015 and July
2017 and all extra patients that were treated with pembrolizumab be-
tween August 2016 and July 2017.

2.3. Treatment and response assessments

Patients received pembrolizumab (2 mg/kg or fixed dose 150-200
mg every 3 weeks) or nivolumab (3 mg/kg or fixed dose 240 mg every 2
weeks) in an expanded access program or according to the label after
approval. Response was evaluated every 3 months by computed to-
mography (CT) scan and scored according to immune-related response
criteria. When the disease was not measurable on CT, response
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assessment was performed by PET-CT. Non-responsiveness to anti-PD-1
was defined as progressive disease according to RECIST version 1.1 [23]
or death at 6 months after initiation of therapy.

2.4. Design of tumour marker test

The serum tumour markers S100B and LDH were measured before
start of therapy (within 3 weeks before start) and within 24 h before
every administration of anti-PD-1 therapy. These markers were analysed
in routine clinical practice. S100B and LDH were measured on a Roche
diagnostics Cobas 6000 system in a continuous and real-time modus,
both according to manufacturers’ instructions. LDH (supplier code
LDHI2) was standardized against IFCC formulation and had an opera-
tional analytical coefficient of variation of < 2.55%. S100B (supplier
code Elecsys S100) was standardized against manufacturer weight-out
S100B protein and had an operational analytical coefficient of varia-
tion of < 6.74%. In the Netherlands Cancer Institute, the applied
reference ranges for S100B is < 0.10 pg/L and for LDH < 248 U/L. For
follow-up time points a margin of 2 weeks (2-4; 5-7; 8-10; 11-13) was
taken as not every infusion was exactly after 2 or 3 weeks. If there was
more than one measurement within this period, the latest value was
taken.

The training cohort was used to determine cut-offs for a positive test
for both markers. The BReC plot application has generated BReC plots at
different time points which displays the clinical (non-)response for
different cut-offs (Supplemental Fig. 1). Marker cut-offs were defined
based on two criteria: specificity for non-response of > 95% for high
accurateness and feasibility in daily clinical practice. A test was defined
as positive when either of the tumour markers had a value above the
upper limit of normal (ULN) and above the defined cut-off. The criterion
that the marker had to be above ULN was added to exclude patients with
small increases of low biomarker values resulting in large percentage
change, as this could potentially lead to more false-positive tests,
possibly displaying only biological variation. For different time points
the sensitivity, specificity, positive predictive value and negative pre-
dictive value of the test with corresponding 95% confidence interval
were calculated.

An independent validation cohort was used to validate the tumour
marker tests using cut-offs defined in the training cohort. For all patients
with a false-positive test the electronic patient record was checked for
possible explanations.

2.5. Statistical analysis

Diagnostic performance of the test was obtained using the BReC plot
application, the 95% confidence interval of sensitivity and specificity
were calculated using binomial distribution [22].

Descriptive statistics were used to report the baseline characteristics
of the study population. Differences in baseline characteristics between
groups were analysed using the Chi-square test and the Mann-Whitney U
test. PFS curves were estimated with the Kaplan-Meier method and
compared using a log-rank test. Analyses were carried out using SPSS
Statistics 25 (IBM, Chicago, USA).

3. Results

3.1. Patients training cohort

In total 166 advanced melanoma patients were included in the
training cohort, all treated with pembrolizumab (Fig. 1). We had to
exclude 21 patients due to missing data. Of the 145 patients analysed,
55% was male and the majority had an ECOG performance status of O or
1. Most patients had M1lc disease and 68% received anti-PD-1 not as
first-line treatment (Table 1).
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Total cohort

n=317

Training cohort
Patients treated with pembrolizumab
n=166

Validation cohort

Patients treated with nivolumab n=54
Patients treated with pembrolizumab n=97

- Initation of anti-PD-1 in another center (n=1)
- Concomittant therapy with BRAF+MEK inhibition (n=1)

Patients excluded (n=4)

- Uveal melanoma (n=2)

Training cohort
n=66

Missing data (n=21)
- Baseline marker data (n=6)

- On-treament marker data (n=15)

Validation cohort
n=147

Missing data (n=10)
- On-treatment marker data (n=8)

- Non-evaluable disease (n=2)

Training cohort
n=145

Validation cohort
n=137

Fig. 1. Flow diagram of patient selection for both the training and validation cohort.

3.2. Identification of biomarker test

The cut-off for both markers was based on BReC analyses at week 6 as
we expected this time point to be most interesting for early evaluation.
Based on the generated BReC plot (Fig. 2), an increase of S100B of >
100% compared to baseline value was determined as criterion to posi-
tively test for non-responsiveness. An increase of > 50% in LDH
compared to baseline identified the largest proportion of patients with
PFS<6 months (Fig. 2).

Next, we assessed the performance of the test for both single markers
and the combination of both markers at different time points in terms of
sensitivity, specificity, positive predictive value and negative predictive
value (Table 2). As expected, sensitivity was higher for the combination
test including both markers and this did not hamper specificity. Sensi-
tivity of the combination test was higher at week 6 (33%) compared
with week 3 (25%) but was not substantially higher at week 9 or 12.
Therefore, and because we would like to diagnose non-responsiveness as
early as possible, we decided to validate the combination test at week 6
in an independent cohort. At week 6, the positive predictive value was
93% in the training cohort.

The most common explanation for a false positive test in absent of
progression were toxicities, which were found in two of the three pa-
tients with a false positive test at week 6 (Supplemental Table 1).

In the training cohort, 29 patients were defined as non-responder to
anti-PD-1 therapy based on the test (>50% increase in LDH or > 100%
increase in S100B) at week 6. Patients with a positive test had signifi-
cantly more often brain metastases and less often a BRAFV600 mutation
(Table 1). Notably, there was no difference in baseline LDH or S100B
levels in patients with a positive or negative test at week 6 (Table 1),
neither in patients with or without clinical benefit at 6 months (Sup-
plemental Table 2).
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3.3. Validation cohort

Of the 147 patients in the validation cohort, 52 were treated with
nivolumab and 95 with pembrolizumab. Ten patients were excluded due
to missing data (Fig. 1). The 137 included patients were slightly more
often male and 64% had M1c disease. The vast majority received anti-
PD-1 as first-line treatment (Table 3). The combination test defined
12% as non-responders. These patients were more often female
compared to patients with a negative test, and had more often a BRAF
mutation. Again, there was no difference in baseline LDH and S100B
levels for patients with a positive or negative test at week 6 (Table 3),
neither in patients with or without clinical benefit at 6 months (Sup-
plemental Table 3).

There were no differences in age, gender or disease stage between the
training and validation cohort. However, more patients received the
anti-PD-1 treatment as first-line therapy within the validation cohort,
73% of patients compared to 32% in the training cohort.

The specificity of the combination test was with 96% still high
enough, although sensitivity was with 21% substantially lower than in
the training cohort (Table 2). This led to a positive predictive and
negative predictive value of 82% and 55%, respectively.

In the validation cohort eight patients with a false positive test were
identified, of which three patients at week 6 (Supplemental Table 1).
One of these patients had progressive disease at the CT scan at week 12,
but after 6 months a partial response, showing both radiological and
serological pseudoprogression. Of the other two patients, one had a
mixed response and the other patient was treated for symptomatic
parathyroid disease in parallel.

3.4. Survival

In the training cohort, median PFS for patients with an increase of >
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Table 1

Baseline characteristics for patients in the training cohort with a positive or negative test at week 6. Data are presented as n (%) unless stated otherwise. Significance
was tested by Chi-Square test or Mann Whitney U test. IQR: interquartile range; S100B: S100 calcium binding protein B; LDH: lactate dehydrogenase; ULN: upper limit
of normal.

Training cohort

Total cohort (n = 145) S100Bt <100% and LDHt <50% (n = 116) S100B1 >100% or LDH?T >50% (n = 29) P-value
Age 0.105
Median (IQR) 62 (52-70) 64 (52-71) 57 (52-66)
Gender 0.359
Male 79 (54) 61 (53) 18 (62)
Female 66 (46) 55 (47) 11 (38)
Disease stage 0.483
Stage IV Mla 26 (18) 23 (20) 3 (10)
Stage IV M1b 15 (10) 12 (10) 3 (10)
Stage IV M1c 104 (72) 81 (70) 23 79)
Brain metastases 0.044
Yes 35 24) 33 (28) 2 ()
No 109 (75) 82 (71) 27 93)
Unknown 1 (€8] 1 (€] 0
BRAFV600 mutation 0.045
Yes 66 (46) 48 (41) 18 (62)
No 79 (55) 68 (59) 11 (38)
Prior ipilimumab 0.269
Yes 88 (61) 73 (63) 15 (52)
No 57 39) 43 37) 14 (48)
Prior BRAF + MEK inhibitor 0.108
Yes 38 (26) 27 (23) 11 (38)
No 107 (74) 89 77) 18 (62)
Prior lines of therapy 0.938
0 47 (32) 37 32) 10 (35)
1 51 (35) 42 (36) 9 (31
2 39 27) 31 27) 8 (28)
>2 8 6) 6 5) 2 ()
ECOG performance status 0.052
0 92 (63) 73 (63) 19 (66)
1 48 33) 41 (35) 7 24)
2 5 3 2 (@3] 3 (10)
Baseline S100B
Median (IQR) 0.13 (0.07-0.37) 0.13 (0.07-0.39) 0.13 (0.07-0.36) 0.923
<ULN 65 (45) 51 (44) 14 (48) 0.837
1-10 ULN 63 (43) 52 (45) 11 (38)
>10 ULN 16 11) 12 (10) 4 14
Unknown 1 (€8] 1 (€] 0
Baseline LDH
Median (IQR) 190 (161-240) 188 (160-238) 197 (165-155) 0.528
<ULN 110 (76) 89 (@) 21 (72) 0.817
1-2 ULN 23 (16) 17 (15) 6 (21)
>2 ULN 8 6) 9 6) 1 (©)]
Unknown 4 3) 3 3) 1 3)
B
S100B LDH
100%-

80%-

60%-

40%-

20%

o/ |

Decrease Decrease No values Increase Increase Increase " Decrease Decrease No values Increase Increase Increase
50-100%  0-50% above ULN 0-50% 50-100% >100% 50-100%  0-50% above ULN 0-50% 50-100% >100%

B PFS <6 months M PFS >6 months

Fig. 2. BReC plots of S100B and LDH for the training cohort at week 6. A-B. These two BReC plots are based on S100B and LDH biomarker responses observed after
5-7 weeks of pembrolizumab treatment in the training cohort. Clinical non-response was defined as a PFS < 6 months or death before 6 months after start of therapy.
Patients from whom the markers were below ULN (for S100B < 0.10 pg/L and LDH < 248 U/L) at baseline and at week 5-7 were grouped separately. S100B: S100
calcium binding protein B; LDH: lactate dehydrogenase; PFS: progression-free survival.
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Table 2
Sensitivity, specificity and predictive values of SI00B and LDH in both the training and validation cohort. S100B: S100 calcium binding protein B; LDH: lactate
dehydrogenase.
Number of patients Sensitivity Specificity Positive predictive value Negative predictive value
Training cohort
S100B
Week 3 146 21% (13-31) 98% (91-100) 95% (74-99) 46% (37-55)
Week 6 141 27% (18-38) 98% (91-100) 96% (78-100) 50% (41-59)
Week 9 129 26% (17-39) 98% (91-100) 95% (74-100) 55% (45-64)
Week 12 133 31% (21-43) 98% (91-100) 96% (78-100) 55% (46-65)
LDH
Week 3 137 16% (9-26) 96% (88-100) 87% (60-98) 44% (35-54)
Week 6 132 15% (8-25) 98% (90-100) 92% (64-100) 45% (35-54)
Week 9 131 17% (9-28) 100% (94-100) 100% (74-100) 51% (41-60)
Week 12 126 20% (11-31) 98% (90-100) 93% (68-100) 50% (40-59)
$100 or LDH
Week 3 147 25% (16-35) 97% (88-100) 92% (73-99) 46% (37-56)
Week 6 145 33% (23-44) 97% (88-100) 93% (77-99) 52% (42-61)
Week 9 135 30% (20-42) 98% (91-100) 96% (78-100) 54% (45-64)
Week 12 138 35% (24-47) 97% (89-100) 93% (77-99) 55% (46-65)
Validation cohort
S100B or LDH
Week 3 144 16% (9-27) 94% (86-98) 75% (48-93) 52% (43-60)
Week 6 137 21% (12-32) 96% (88-99) 82% (57-96) 55% (46-64)
Week 9 127 21% (11-34) 96% (88-99) 80% (52-96) 60% (50-69)
Week 12 124 22% (12-35) 96% (87-99) 80% (52-96) 61% (51-71)

100% in S100B or > 50% in LDH at week 6 was 2.4 months (95%
confidence interval [CI] 1.8-3.1) while patients with a negative test had
a median PFS of 7.0 months (95% CI 4.6-9.3, p < 0.001). In the vali-
dation cohort, patients with a negative test had an even higher median
PFS of 10.3 months (95% CI 5.4-15.20) compared to 2.5 months (95%
CI 2.4-2.6) for patients with a positive test (p < 0.001, Fig. 3). In the
training cohort we observed no significant difference in PFS between
patients with or without elevated LDH at baseline (Supplemental
Fig. 2A-B), while in the validation cohort patients with a normal baseline
had a significantly better PFS than patients with a LDH level above the
upper limit of normal (Supplemental Fig. 2C-D).

4. Discussion

Our study shows that an early increase in S100B or LDH is a strong
biomarker for early diagnosis of non-responsiveness to anti-PD-1 in
advanced melanoma. When using an increase of > 100% in S100B or an
increase of > 50% in LDH as cut-off, the specificity of the test is > 95%
with a positive predictive value of 93% in the training cohort and 82% in
the validation cohort.

As the goal was to guide early-treatment decisions, the test should be
very accurate in detecting non-responsiveness and requires high speci-
ficity. Some of the patients with a false-positive test had treatment-
related toxicities or active comorbidities which might be the explana-
tion for the elevation of S100 and/or LDH levels. Leaving out those
patients would increase specificity to > 97% in both cohorts and in-
crease the positive predictive value to 93% in the training cohort and
88% in the validation cohort. One should consider if patients have
toxicities or active comorbidities that could influence the S100B and
LDH levels when using this test.

Although specificity was high in both cohorts, the positive predictive
value in the validation cohort was lower due to the lower number of
positive tests. This could be partly explained due to patient selection, as
these patients were treated more often with anti-PD-1 as first-line
therapy and for most of the patients in the valiation cohort combined
ipilimumab plus nivolumab was also a treatment option, since approval
was obtained in July 2016 in the Netherlands. The patients selected for
anti-PD-1 monotherapy are likely to have less tumour load and thereby
less risk on early disease progression. This lower tumor burden might
limit the sensitivity of the test in the validation cohort.
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In patients with a positive test identifying early non-responsiveness,
one might consider an early switch of therapy or addition of other
therapies to anti-PD-1, like ipilimumab or targeted therapy. These
therapies are potentially more effective when initiated early when pa-
tients have a lower tumour load, lower LDH levels and a better perfor-
mance status [6,24]. As the positive predictive value of the test is not
100%, there is a risk of over-treatment, which can cause unnecessary
toxicities and costs in the small fraction of patients with pseudoprog-
ression on anti-PD-1. The incidence of early pseudoprogression is
described to be about 5% [25,26], and probably not all of these patients
will have an early increase in S100B and LDH as well.

In several studies it has been shown that baseline LDH is a biomarker
for response and PFS upon anti-PD-1 therapy [5,11]. In the validation
cohort, but not in the training cohort, we also found this association.
Nowadays, baseline LDH is already used to guide first-line therapy.
Since response rates for patients with a high LDH are higher for the
combination of ipilimumab and nivolumab compared to anti-PD-1
monotherapy [11], mostly patients with a normal baseline LDH and
low tumour load will receive anti-PD-1 as first-line therapy. New
(combination) therapies that might come available the upcoming years,
will probably also be the most effective in patients with these favourable
characteristics. Therefore on-treatment biomarkers will be even more
important to detect non-responsiveness in an early stage.

An increase of S100B and LDH after two cycles of anti-PD-1 has been
shown previously to predict disease progression, and increasing levels
were associated with an impaired OS as well [27]. This study on 152
melanoma patients did not report on sensitivity, specificity or positive
predictive value, however, and no association with PFS was reported. A
second study including 66 metastatic melanoma patients treated with
anti-PD-1 with increased LDH levels at baseline showed that patients
with an additional 10% relative increase had a significantly shorter OS
compared to patients with < 10% change [28]. In our study not only an
association of both markers combined with PFS was reported, we also
addressed sensitivity, specificity and positive and negative predictive
values of both markers using a cut-off that can be easily used in daily
clinic.

Circulating tumor DNA (ctDNA) is also postulated as a non-invasive
biomarker for response to immunotherapy in melanoma [29,30]. Lee
et al. showed that longitudinal ctDNA profiles were useful to distinguish
between pseudoprogression and true disease progression [31].
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Baseline characteristics for patients in the validation cohort with a positive or negative test at week 6. Data are presented as n (%) unless stated otherwise. Significance
was tested by Chi-Square test or Mann Whitney U test. IQR: interquartile range; S100B: S100 calcium binding protein B; LDH: lactate dehydrogenase; ULN: upper limit

of normal.

Validation cohort

Total cohort (n = 137) S100Bt <100% and LDHt <50% (n = 120) S100B1 >100% or LDH?T >50% (n = 17) P-value
Age 0.068
Median (IQR) 65 (57-74) 66 (58-74) 56 (49-73)
Gender 0.025
Male 75 (55) 70 (58) (29)
Female 62 (45) 50 (42) 12 (71)
Disease stage 0.278
Stage IV Mla 27 (20) 26 (22) 1 6)
Stage IV M1b 23 a7) 19 (16) 24)
Stage IV M1c 87 (64) 75 (63) 17 (71)
Brain metastases 0.077
Yes 95 (69) 39 33) 12)
No 41 (30) 80 (67) 15 (88)
Unknown 1 (€8] 1 (€]
BRAFV600 mutation 0.025
Yes 62 (45) 50 (42) 12 (71)
No 75 (55) 70 (58) (29)
Prior ipilimumab 0.427
Yes 16 12 15 13) 1 (6)
No 121 (88) 105 (88) 16 94
Prior BRAF + MEK inhibitor 0.554
Yes 23 a7 21 (18) 12)
No 114 (83) 99 (83) 15 (88)
Prior lines of therapy 0.510
0 100 (73) 86 (72) 14 (82)
1 31 (23) 29 24) (12)
2 6 4) 5 4) 1 (6)
ECOG performance status 0.773
0 83 (61) 72 (60) 11 (65)
1 39 (29) 34 (28) 5 (29)
2 15 (11) 14 (12) 1 6)
Baseline S100B
Median (IQR) 0.10 (0.06-0.30) 0.10 (0.05-0.32) 0.15 (0.10-0.26) 0.236
<ULN 68 (50) 62 (52) 6 (35) 0.076
1-10 ULN 52 (38) 41 34) 11 (65)
>10 ULN 15 a1 15 13) 0
Unknown 2 2 2 2) 0
Baseline LDH
Median (IQR) 194 (161-261) 192 (181-257) 218 (181-271) 0.263
<ULN 94 (69) 82 (68) 12 (72) 0.551
1-2 ULN 31 (23) 26 (22) 5 (29)
>2 ULN 5 4 5 () 0
Unknown 7 5) 7 6) 0

Nonetheless, compared with our test, ctDNA also has some shortcom-
ings: it can only be used in patients with known mutations, and for the
30% BRAF/NRAS wildtype patients next generation sequencing of
tumor DNA will be necessary to identify mutations [32], ctDNA analysis
is more expensive, and analysis of ctDNA is not yet implemented in all
clinics thereby results might not be available early to enable early
treatment decisions.

Since our study included patients retrospectively, it is susceptible for
selection bias. To minimize this bias, we included all consecutive pa-
tients at our centre receiving anti-PD-1 and did not select the patients on
baseline characteristics. We used a consecutive cohort as validation
cohort, and did not randomly assign patients to one of the cohorts. This
implicates that all patients in the validation cohort were treated more
recently and in a different treatment landscape, which leads to differ-
ences in baseline characticterists and possibly other confounding factors
that could lead to differences in test performance. Although, as the
treatment landscape in advanced melanoma is evolving rapidly, the
characteristics of the group of patients that will be treated with anti-PD-
1 monotherapy will change along with it. This makes our validation
cohort more representative of the current melanoma patient population,
but one should keep this in mind when extrapolating the results to the
current patient population.

A limitation of the test itself is, that it was validated for one specific
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time point. Nevertheless, the test showed also a high specificity at an
earlier time point. Sensitivity at week 3 was lower, but the sensitivity
and specificity levels at week 6, 9 and 12 were comparable. The moment
at week 6 was chosen as it is a clearly earlier evaluation moment (after
two cycles of therapy), compared with the first radiographic evaluation
that is according to clinical practice generally planned after four cycles
of therapy. Hereby an earlier insight in response to the therapy is given,
which creates a moment for an earlier intervention when non-
responsiveness is predicted.

The cut-offs for both markers were based on identifying the largest
proportion of patients with a PFS<6 months. The percentages of a 50%
and 100% increase chosen for comparison, were chosen for enabling
mental arithmetic, thereby avoiding the necessity of software or calcu-
lators for application in clinical practice. This makes our approach
preferable over cut-offs defined in an earlier study [27]. As the combi-
nation test is based on an OR function, it enables quick results when no
fast S100B result is available for example. These two laboratory values
are in most centers determined routinely before every anti-PD-1 infu-
sion, so there is no extra burden for the patient and there are no addi-
tional costs for this test. A disadvantage of these practical requirements
is that not necesasarily the true optimal LDH and S100B criteria are
selected and clinical performance might therefore be further improved
using more advanced data analysis.
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Fig. 3. Progression-free survival curves according to the change in SI00B or LDH at week 6 compared to baseline. A. Progression-free survival curve for patients with
a single positive test compared to patients with a positive combination test in the training cohort. B. Progression-free survival curve for patients with a single positive
test compared to patients with a positive combination test in the validation cohort. SI00B: S100 calcium binding protein B; LDH: lactate dehydrogenase.

In conclusion, an early increase in S100B or LDH is a strong
parameter for non-responsiveness to anti-PD-1 in advanced melanoma.
This could be an easy, non-invasive, cheap and useful marker to identify
patients who may benefit from an early switch to second-line therapy
before the first evaluation by imaging that usually is scheduled after
three months. Confirmation in a prospective clinical trial is needed
before clinical implementation.
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