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Abstract

Background: Biomarkers are needed to estimate which patients benefit most from combination
ipilimumab and nivolumab immunotherapy. Rigorous biomarker analyses from prior ipilimumab
randomized studies without nivolumab are likely to inform which biomarker analyses should be
prioritized when examining patients treated with the combination. For the first time, the current
analyses investigate absolute lymphocyte count (ALC) in randomized, controlled trials of
ipilimumab without nivolumab to assess whether ALC is prognostic or predictive of ipilimumab
treatment benefit.

Methods: Data included patients (n=1136) treated in the two randomized, controlled phase 111
studies MDX010-20 and CA184-024. ALC was measured at pre-treatment baseline and every 3
weeks for up to 12 weeks, prior to each dose of ipilimumab. Cox proportional hazards models
were used to estimate and test associations between ALC measures and overall survival (OS).

Results: In both randomized studies, baseline ALC and ALC halfway through induction (at week
6) were associated with OS not only in ipilimumab-treated patients, but also in patients treated
with non-ipilimumab control treatments. ALC increased in patients receiving ipilimumab, but this
degree of change was not predictive of ipilimumab treatment benefit.

Conclusions: Using data from randomized, controlled studies, we were able to conclude for the
first time that baseline ALC, ALC halfway through induction (week 6), and the degree of ALC
change from baseline to week 6 are prognostic biomarkers in melanoma patients, and do not
appear to be predictive of ipilimumab treatment benefit. This now more comprehensive
understanding of ALC as a biomarker from ipilimumab trials will inform subsequent biomarker
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investigations in ongoing ipilimumab combination studies such as ipilimumab in combination with
nivolumab.
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Introduction

Methods

In patients with metastatic melanoma, treatment with the combination of ipilimumab and
nivolumab is associated with long-term survival [1,2], yet biomarkers are needed to help
understand which patients benefit most from treatment. Rigorous biomarker analyses from
prior ipilimumab randomized studies without nivolumab are likely to inform subsequent
biomarker studies involving combination immunotherapy. We analyzed the absolute
lymphocyte count (ALC) in two randomized, controlled phase 11 trials of patients with
advanced melanoma receiving ipilimumab: MDX010-20 and CA184-024 [3,4]. The two
randomized studies, with a combined sample size of more than 1100 patients, provided a
unique opportunity for the first time to assess whether ALC was prognostic, predictive of
treatment benefit, or both.

Of all putative ipilimumab biomarkers previously identified, we chose to investigate ALC in
randomized controlled trials for three reasons. First, ALC is measured by a standard
laboratory test available in peripheral blood and is easily evaluable in large numbers of
patients which could facilitate subsequent evaluation in large, randomized ipilimumab
combination studies. Second, our group and others have found reproducible associations
between ALC and clinical outcomes following ipilimumab in smaller, non-controlled series
[5,6]. Third, since ipilimumab targets cytotoxic T lymphocyte antigen-4 (CTLA-4)on T
lymphocytes, there is mechanistic rationale to the hypothesis that the quantity of
lymphocytes may be relevant.

Overall survival (OS) was defined as the time from randomization to death from any cause
or to censoring event. We tested three ALC measures for their association with OS: pre-
treatment baseline ALC (ALC1); rate of change of ALC from baseline to the time of the
third ipilimumab dose/halfway through induction (Slope3); and ALC value at the time of the
third ipilimumab dose/halfway through induction (ALC3). For OS analyses involving ALC3
or Slope3, only patients who provided ALC3 and Slope3 values were included. Thus, these
were landmark analyses: any patient who died or was censored for OS before providing an
ALC3 value was excluded. For MDX010-20, 592 (92.1%) of 643 treated patients had ALC1
values and 481 (74.8%) had ALC3 and Slope3 values. For CA184-024, 481 (96.6%) of 498
treated patients had ALC1 values and 422 (84.7%) had ALC3 and Slope3 values.

Cox proportional hazards (PH) models, which included linear effects of ALC measure and
treatment group, and their interactions, were used to evaluate associations between ALC
measures and OS. The models were stratified by baseline M-stage and either prior
interleukin (IL)-2 therapy (MDX010-20) or Eastern Cooperative Oncology Group (ECOG)
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performance status (CA184-024). Thus, these all were multivariable models. The estimated
associations between ALC measures and OS, which were constrained to be the same for
each stratum, indicated incremental association after controlling for the stratification
variables. Omnibus likelihood-ratio tests were used to test overall ALC measure and
interaction effects. ALC1 and ALC3 were analyzed as both continuous and binary variables.
A binary threshold of 1.0 x 109 cells/L was used to be consistent with prior literature [5,6].

The magnitudes of associations were summarized by hazard ratios (HRs). For analyses of
ALC measures as continuous variables, reported HRs were scaled to compare the 75th and
25th percentiles of the measures, where these percentiles were from both studies combined.
Because the effects of ALC measures were constrained to be linear in the Cox PH models,
these HR estimates depended only on the difference between the 75th and 25th percentiles,
not on their individual values. Thus, as long as the ALC measures had sufficient spread in a
given treatment group, this scaling of HRs was sensible. For analyses of ALC measures as
binary variables, the HR compared hazards for the two levels.

ALC1 and ALC3 were both significantly associated with OS, as either continuous or binary
variables (Fig. 1). Pvalues for the tests of overall association, after accounting for baseline
M-stage and either prior IL-2 therapy (MDX010-20) or ECOG performance status (CA184—
024), ranged from 0.037 to < 0.0001 for ALC1 and from 0.0049 to < 0.0001 for ALC3.

After establishing that ALC1 and ALC3 were associated with OS, we next sought to assess
whether ALC1 and/or ALC3 were predictive of ipilimumab treatment benefit within these
clinical trials. ALC1 and ALC3 were also associated with OS in patients in these two trials
who did not receive ipilimumab. There were no significant differences in these associations
between treatment groups (ipilimumab-containing vs. non-ipilimumab-containing arms),
suggesting that ALC1 and ALC3 were prognostic of OS but not predictive of ipilimumab’s
treatment benefit in improving OS over the control treatments tested.

An increase in ALC is a known pharmacodynamic effect of ipilimumab [5], which we also
observed in these randomized, controlled studies (Fig. 2). Accordingly, we evaluated the
potential association between OS and Slope3, defined as the rate of change in ALC between
the dates of ALC1 and ALC3 assessments. Similar to ALC1 and ALC3, Slope3 was
significantly associated with OS (Fig. 1), with P values of 0.00032 (MDX010-20) and 0.030
(CA184-024). We used an interaction test to assess whether Slope3 was predictive of
ipilimumab treatment benefit. There were no significant interactions between treatment
group and Slope3 in these randomized studies (= 0.14 and P= 0.57, respectively),
suggesting Slope3, similar to ALC1 and ALC3, does not appear to be predictive of
ipilimumab treatment benefit.

Conclusions

Our results demonstrated that ALC values were associated with OS in the two randomized,
phase 11 studies as a prognostic factor [3,4]. Since the ALC associations with OS were not
specific to ipilimumab, we are now able — for the first time — to conclude that ALC is not
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a predictive factor for ipilimumab treatment benefit over the control agents tested in these
trials. It is possible these studies were underpowered to definitively exclude ALC as
predictive of treatment benefit. Nonetheless, in the largest dataset yet available from
randomized trials, we did not find convincing evidence for ALC as a predictive marker.

The evidence of ALC as a prognostic biomarker underscores the immune system’s
importance in the general outcome of patients with advanced melanoma. Yet the search for
predictive biomarkers for ipilimumab and ipilimumab combination immunotherapy remains
challenging. It is possible that a collection of biomarkers, including readily available routine
peripheral blood tests such as the neutrophil to lymphocyte ratio and tissue-based assays,
will ultimately be shown to be predictive for ipilimumab or ipilimumab combination
immunotherapy [7], but this will require evaluation in randomized trials as we have
performed for ALC in this manuscript.

As initial studies suggest possible association with OS or other outcomes, we advocate for
rigorous testing of putative biomarkers’ predictive ability in randomized, controlled
immunotherapy trials. These studies would be of even greater interest in more recent anti-
PD1 randomized trials such as the Checkmate 067 study. The ultimate identification of
predictive biomarkers will become increasingly important as ipilimumab combination
regimens expand influence in the treatment of patients with many different malignancies
beyond melanoma [8,9].
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Fig. 1.
Hazard ratio (HR) estimates from Cox PH models, for each treatment group in each trial.

HR estimates compare OS hazards for (A) ALCL1 at the 75th and 25th percentiles; (B) ALC1
dichotomized as = 1 vs. < 1 x 10° cells/L; (C) ALC3 at the 75th and 25th percentiles; (D)
ALC3 dichotomized as = 1 vs. < 1 x 10 cells/L; and (E) Slope3 at the 75th and 25th
percentiles. Diamonds show point estimates. Horizontal bars show 95% confidence intervals
(CI), based on Wald statistics. DTIC = dacarbazine; gp100 = glycoprotein 100 peptide
vaccine; ipi = ipilimumab; N = number of patients included in the analysis per treatment
group. All patients with a baseline (no more than 28 days prior to confirmed treatment
initiation) and at least one post-baseline ALC evaluation were included in the ALC1
analyses. Of those patients, all with = 1 ALC evaluation at least 7 days after dose 2 and prior
to dose 3 were included in the ALC3 and Slope3 analyses. Percentiles are from the ALC1,
ALCS3, or Slope3 distributions over both trials combined. For ALC1, 25th percentile = 1.01
x 109 cells/L; 75th percentile = 1.80 x 109 cells/L; interquartile range = 0.79 cells/L. For
ALCS3, 25th percentile = 1.15 x 10° cells/L; 75th percentile = 2.08 x 10° cells/L;
interquartile range = 0.93 cells/L. For Slope3, 25th percentile = —=0.021 x 109 cells/L/week;
75th percentile = 0.070 x 109 cells/L/week; interquartile range = 0.091 cells/L/week. For
each patient, Slope3 was estimated by simple linear regression, using all ALC assessments
in the period from ALC1 to ALC3, and actual assessment dates. Examination of scaled
Schoenfeld residuals suggested that the PH assumption was reasonable for all Cox PH
models.

Melanoma Res. Author manuscript; available in PMC 2021 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Postow et al. Page 9

| 1 1 | | 1 1
gp100 3 mg/kqg ipi 3 mg/kg ipi + gp100

2.4 -
221 -
-
=
2
9 20 -
o
o
o
% 18- =
Q
|
<
c 1.6 L
©
4}
= \/\/ /J
8 147 -
E

1.2 - \/\/‘ —

1.0 -

T T T T T T T T T T T T T T T T T T
3 o 3 6 9 12 3 0 3 6 9 12 3 0 3 6 9 12

Fitted Mean ALC (x 1000 cells/uL)
- _ N N N
[o2] o0 o [N S~
| | 1 1 |
T T T T

o -
© -
i

<~

Weeks Since First Ipilimumab or Placebo Dose

Fig. 2.
Fitted mean ALC vs. weeks since first ipilimumab or placebo dose, by treatment group for

(A) MDX010-20; and (B) CA184-024. Thick curves show fitted means and thin curves
show pointwise two-sided 95% confidence intervals for the means. Vertical lines show
nominal dosing days. Inverted triangles in (B) indicate ipilimumab doses, in contrast to
placebo doses. Patients included in the analyses — 639 of 643 (MDX010-20) and 497 of
498 (CA184-024) — had = 1 ALC assessment in the period from 28 days prior to a
confirmed date of treatment initiation to 28 days after dose 4 of study drug. For each study,
estimated means and confidence intervals are from an extended linear model, fit by restricted
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maximum likelihood. The model had fixed effects of treatment group and days since first
dose (DSFD). The effect of DSFD was modeled by linear regression splines with, for each
patient, a knot at the actual day of each dose, and interaction between treatment group and
the splines. Within-patient correlations were modeled by a spatial exponential structure with
Euclidean distance, and within-patient variances were inversely proportional to the number
of ALC measurements on a given day. DTIC = dacarbazine; gp100 = glycoprotein 100
peptide vaccine; ipi = ipilimumab.
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