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Sequential immunotherapy and targeted
therapy for metastatic BRAF V600 mutated
melanoma: 4-year survival and biomarkers
evaluation from the phase II SECOMBIT trial
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No prospective data were available prior to 2021 to inform selection between
combination BRAF and MEK inhibition versus dual blockade of programmed
cell death protein-1 (PD-1) and cytotoxic T lymphocyte antigen-4 (CTLA-4) as
first-line treatment options for BRAFV600-mutant melanoma. SECOMBIT
(NCT02631447) was a randomized, three-arm, noncomparative phase II trial in
which patients were randomized to one of two sequences with immunother-
apy or targeted therapy first, with a third arm in which an 8-week induction
course of targeted therapy followed by a planned switch to immunotherapy
was the first treatment. BRAF/MEK inhibitors were encorafenib plus binime-
tinib and checkpoint inhibitors ipilimumab plus nivolumab. Primary outcome
of overall survival was previously reported, demonstrating improved survival
with immunotherapy administered until progression and followed by BRAF/
MEK inhibition. Here we report 4-year survival outcomes, confirming long-
term benefit with first-line immunotherapy. We also describe preliminary
results of predefined biomarkers analyses that identify a trend toward
improved 4-year overall survival and total progression-free survival in patients
with loss-of-function mutations affecting JAK or low baseline levels of serum
interferon gamma (IFNy). These long-term survival outcomes confirm immu-
notherapy as thepreferredfirst-line treatment approach formost patientswith
BRAFV600-mutant metastatic melanoma, and the biomarker analyses are
hypothesis-generating for future investigations of predictors of durable ben-
efit with dual checkpoint blockade and targeted therapy.

Combination BRAF and MEK inhibition1,2 as well as dual blockade of
programmed cell death protein-1 (PD-1) and cytotoxic T lymphocyte
antigen-4 (CTLA-4)3,4 both offer clinical benefit and are approved by
the United States (US) Food and Drug Administration (FDA) and the
European Medical Agency (EMA) as first-line treatment options for
BRAFV600-mutant melanoma. Until 2021, no prospective data were
available to inform selection between first-line targeted therapy versus
immunotherapy for the 40–50% of patients with cutaneousmelanoma

with BRAFV600-mutant tumors5, though retrospective analyses5–7 and
preclinical data8–12 indicated that checkpoint blockade should be
offered prior to BRAF/MEK inhibition. The randomized trials SECOM-
BIT, which included an arm investigating a planned switch to immu-
notherapy after an 8-week induction course of targeted therapy13, and
DREAMseq14 established immunotherapy as the preferred first-line
treatment approach, demonstrating improved response rates to
immunotherapy and prolonged survival in patients who received the
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anti-CTLA-4 ipilimumabplus the anti-PD-1 nivolumab until progressive
disease (PD) and subsequent BRAF/MEK inhibition compared to those
treated with the reverse sequence.

Clinical benefit with immunotherapy is known to be delayed,
however, and some patients with aggressive and broadly disseminated
disease may not have efficiently functioning immune systems or
enough time to wait for immune-mediated tumor clearance. SECOM-
BIT included a “sandwich” arm in which patients received 8 weeks of
the BRAF inhibitor encorafenib with the MEK inhibitor binimetinib
before a planned switch to ipilimumabplus nivolumab, yet the optimal
criteria to select patients for the sandwich approach are still not
known. Potential biomarkers include elevated serum lactate dehy-
drogenase (LDH), which is indicative of a glucose-starved and hypoxic
tumor microenvironment (TME)15–18, and defective interferon gamma
(IFNy) signaling due to loss-of-functionmutations affecting JAK, which
is considered a major mechanism of resistance to anti-PD-119,20, how-
ever, the cytokine is highly pleiotropic and may cause immunosup-
pression via a number of mechanisms including inhibition of natural
killer and CD8+ T cell effector functions, deletion of tumor antigen-
specific T cells, and induction of tolerogenic dendritic cells21–26. Here,
we report 4-year outcomes from the randomized, open-label, phase II
SECOMBIT trial (NCT02631447), as well as preliminary biomarkers
analyses indicating trends toward improved survival in the
immunotherapy-first and sandwich arms among patients with elevated
LDH, low serum IFNy, and deleterious mutations in JAK.

Results
Patients and treatment
Between November 2016 and May 2019, 251 patients with untreated,
metastaticBRAFV600-mutantmelanomawere screened. A total of 209
patients from 37 sites in 9 countries were enrolled and randomized
across the three treatment arms: 69 in Arm A (encorafenib plus bini-
metinib until PD followed by ipilimumab plus nivolumab), 71 in Arm B
(ipilimumab plus nivolumab until PD followed by encorafenib plus
binimetinib), and 69 in Arm C (“sandwich,” encorafenib plus binime-
tinib for 8 weeks followed by ipilimumab plus nivolumab until PD
followed by encorafenib plus binimetinib). Themedian age of patients
in ArmsA, B, and Cwas 55.0 (range 19–77), 55.0 (range 18–81), and 51.0
(range 28–80), with 60.9%, 47.9% and 60.9% of male sex, respectively.
Tumor stage was not known for one patient in arm B and one in armC
(Table 1).

As of June, 2022, 4 years from treatment, among the 206 patients
who received at least 1 dose of the study sequence (n = 69, n = 69, and
n = 68 in Arms A, B, and C, respectively), 64 remained on treatment
(n = 17, n = 24, and n = 23 in Arms A, B, and C, respectively). The num-
bers of patients who completed the entire sequence (ie, PD on treat-
ment 1 and on treatment 2) were 19, 10, and 20 in Arms A, B, and C,
respectively. During treatment across the arms, therewere 13 deaths in
Arm A (7 during encorafenib plus binimetinib treatment and 6 during
ipilimumab plus nivolumab treatment), 11 deaths in Arm B (3 during
the ipilimumab plus nivolumab treatment and 8 during encorafenib
plus binimetinib treatment), and 4 deaths in Arm C (2 during the ipi-
limumab plus nivolumab treatment and 2 during second treatment of
encorafenib plus binimetinib treatment). Adverse events led to treat-
ment discontinuation in 11 patients in Arm A, 10 patients in ArmB, and
11 patients in Arm C (Supplementary Fig. 1).

4-year survival outcomes
The primary analysis was reported previously (5).With an additional 13
months of follow-up (median 43 months, IQR: 37–51), the 3-year total
progression free survival (TPFS, time from randomization until second
progression) rates for Arms A, B, and C were 34% (95% CI 24–46), 55%
(95% CI 43–67), and 54% (95% CI 42–66), respectively. TPFS rates at 4
years were 29% (95% CI 18–40), 55% (95% CI 43–67), and 54% (95% CI
42–66) for Arms A, B, and C (Supplementary Table 1, Fig. 1A).

OS rates at 3 and 4 years, respectively, were 53% (95% CI 41–65)
and 46% (95%CI 33–59) for ArmA, 64% (95%CI 53–76) and 64% (95%CI
53–76) for Arm B, and 61% (95% CI 50–73) and 59% (95% CI 47–71) for
Arm C (Fig. 1B). Although The SECOMBIT trial was not designed as a
comparative trial and no P value calculation was planned, P values for
TPFS andOS between the arms are reported in Supplementary Table 1.

Interaction between adverse prognostic features and 4-year
survival
Across Arms A, B, and C, 43 (62.3%), 41 (57.7%) and 43 (62.3%), patients
had <3 metastatic sites, respectively. The numbers of patients with ≥3
metastatic sites were 25 (36.2%), 29 (40.9%), and 25 (36.2%) in Arms, A,
B, andC. Brainmetastaseswere present in 2 patients, 1 in ArmBand 1 in
Arm C. LDH was ≤1 × ULN in 41 (59.4%), 37 (52.1%), and 44 (63.8%) of
patients in Arms A, B, and C, respectively. In total, 28 (40.6%), 34
(47.9%), and 25 (36.2%) of patients in Arms A, B, and C, respectively,
had LDH> 1 ×ULN. Among the patients with elevated LDH, the levels
were >2 ×ULN in 7 (10.1%), 9 (12.7%), and 7 (10.1%) patients across arms
A, B, and C (Table 1).

The 4-year TPFS rates for patients with <3 metastatic sites were
33% (95% CI 19–48) in Arm A, 59% (95% CI 43–74) in Arm B, and 59%
(95% CI 44–74) in Arm C (Supplementary Fig. 2). Patients with ≥3
metastatic sites had4-year TPFS rates of 23% (95%CI 7–39), 51% (95%CI
32–69), and 46% (95% CI 27–65) in Arms A, B, and C, respectively. OS
rates at 4 years were 55% (95% CI 39–72) vs 32% (95% CI 12–51), 65%
(95% CI 50–81) vs 63% (95% CI 44–81), and 62% (95% CI 47–78) vs 54%
(95% CI 34–73) for patients with <3 compared to ≥3 metastatic sites in
Arms A, B, and C, respectively (Supplementary Fig. 2).

The 4-year TPSF rates for patients with elevated versus normal
LDH were 18% (95% CI 3–34) vs 31% (95% CI 14–48) in Arm A, 48% (95%
CI 29–67) vs 58% (95% CI 42–73) in Arm B, and 60% (95% CI 38–82) vs
51% (95% CI 36–65) in Arm C. OS followed a similar pattern, with OS
rates at 4 years for patients with elevated compared to normal LDH of
42% (95%CI 22–61) vs 53% (95%CI 37–70) in ArmA, 53% (95%CI 33–73)
vs 70% (95%CI 55–85) in ArmB, and 65% (95% CI 44–86) vs 56% (95%CI
41–70) in Arm C (Supplementary Fig. 3).

Tumor and peripheral biomarkers analyses
NGS was performed on tumor tissue obtained at baseline from 83
patients, with 29 from Arm A, 25 from Arm B, and 30 from Arm C
included in the analysis for TMB. Analysis of deleterious JAKmutations

Table 1 | Baseline characteristics of the intention-to-treat
population

Arm A (n = 69) Arm B (n = 71) Arm C (n = 69)

Median age, years (range) 55.0 (19–77) 55.0 (18–81) 51.0 (28–80)

Gender – Male, n (%) 42 (60.9%) 34 (47.9%) 42 (60.9%)

ECOG-PS 0, n (%) 57 (82.6%) 62 (87.3%) 62 (89.9%)

Lactate Dehydrogenase (LDH) levels, n (%)

�1.00 ×ULN 41 (59.4%) 37 (52.1%) 44 (63.8%)

>1.00 ×ULN 28 (40.6%) 34 (47.9%) 25 (36.2%)

>2.00 ×ULN 7 (10.1%) 9 (12.7%) 7 (10.1%)

Stage, n (%)

M0-M1a–M1b 29 (42%) 28 (39.4 %) 29 (42%)

M1c 40 (58.0%) 42 (59.1%) 39 (56.5%)

Not reported 0 1 (1.5 %) 1 (1.5%)

Number of metastatic sites, n (%)

<3
≥3
Not evaluated

43 (62.3%)
25 (36.2%)
1 (1.5%)

41 (57.7%)
29 (40.9%)
1 (1.4%)

43 (62.3%)
25 (36.2%)
1 (1.5%)

Stage is reported as described in the American Joint Commission on Cancer Cancer Staging
Manual, Version 7.
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wasperformed in samples from29, 25, and 30patients fromArmsA, B,
and C, respectively. The targeted NGS panel included a total of 409
cancer-related genes corresponding to 1.2-Mb of exonic sequence and
0.45-Mb of intronic sequence. Initially, molecules significantly corre-
lated with outcomes were evaluated; the pathways in which these
molecules are involved were then evaluated. TMB was directly calcu-
lated including variants at ≥5% allelic frequency at positions with ≥60×
coverage. Serum levels of a panel of cytokines known to be involved in
inflammation and anti-tumor immunity were quantified by at baseline
in pre-treatment samples from 27 patients in arm A, 28 patients from
Arm B, and 34 patients in Arm C (Fig. 2).

A total of 8 patients in Arm A, 8 patients in Arm B, and 12 patients
in Arm C had tumors that were TMB-H (≥10 mut/Mb). The numbers of

patients with TMB-L tumors across Arms A, B, and C, were 20, 17, and
18, respectively. Considering the effect of TMB on the entire cohort
across all arms, the p value was 0.44 and the p value of the test for
interaction was 0.24. Considering each arm individually, the 4-year OS
rates for patients with TMB-H versus TMB-L tumors in Arms A and B
were 75% (95% CI 45–100) vs 51% (95% CI 27–76) and 86% (95% CI
60–100) vs 59% (95% CI 35–82). By contrast, in Arm C, the 4-year OS
rates were 58% (95% CI 30–86) for patients with TMB-H tumors versus
72% (95% CI 51–93) for patients with TMB-L tumors (Supplemen-
tary Fig. 4).

Deleterious mutations were identified in JAK1, JAK2 or JAK3 in 5
patients in ArmA, 7 patients in ArmB, and 14 patients inArmC. JAKwas
determined to be wild-type in 24, 18, and 16 patients in Arms A, B, and

Fig. 1 | Kaplan–Meier survival curves with 3-year and 4-year rates for Arm A (blue), Arm B (green), and Arm C (red). A Total progression free survival; B Overall
survival. Source data are provided as a Source Data file.

Group

ARM A JAK(mut vs wt)

ARM B JAK(mut vs wt)

ARM C JAK(mut vs wt)

ARM A IFN(>=0.58 vs <0.58)

ARM B IFN(>=0.58 vs <0.58)

ARM C IFN(>=0.58 vs <0.58)

ARM A TMB(>=10mut/MB vs <10mut/MB)

ARM B TMB(>=10mut/MB vs <10mut/MB)

ARM C TMB(>=10mut/MB vs <10mut/MB)

HR (95% CI)

0.46 (0.06−3.56)

0.03 (0.0−16.50)

1.20 (0.35−4.13)

2.25 (0.72−7.02)

1.38 (0.45−4.24)

2.71 (0.76−9.66)

0.46 (0.10−2.13)

0.32 (0.04−2.57)

1.66 (0.48−5.76)

0.011 0.022 0.044 0.088 0.177 0.354 0.707 1.410 2.830

Fig. 2 | HR according to biomarkers analysis. Forest plot representing HR for
Overall Survival according to Jakmutations, IFNgammaexpression andTMB inArm
A (targeted therapy followed by immunotherapy), Arm B (immunotherapy

followed by targeted therapy), and Arm C (a course of targeted therapy preceding
immunotherapy and targeted therapy) of SECOMBIT. Source data are provided as a
Source Data file.
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C, respectively (Supplementary Table 2). Considering the effect of a
deleterious JAKmutation across all arms, the p valueswas0.19, with a p
value of 0.72 for the test for interaction (p <0.10 was considered as
suggestive of difference). Within each arm individually, in Arms A and
B, the presence of a deleterious JAK mutation was associated with
numerically higher 4-year OS rates. The 4-year OS rates were 80% (95%
CI 45–100) for those with a mutation vs 56% (95% CI 34–77) for those
without for Arm A and 100% (95% CI n.e.) vs 56% (95% CI 33–78) for
those with and without amutation, respectively, in ArmB. None of the
patients in Arm B whose tumors had deleterious JAK mutations died
during the study. In ArmC, by contrast, the 4-yearOS rates for patients
with and without deleterious JAK mutations were 64% (95% CI 39–89)
vs 69% (95% CI 46–92) (Fig. 3). TPFS followed a similar pattern to OS
across the arms, with the 4-year TPFS rates for patients with versus
without deleterious JAK mutations being 60% (95% CI 17–100) vs 39%
(95%CI 18–60), 100% (95%CI n.e.) vs 50% (95%CI 25–75), and 64% (95%
CI 39–89) vs 50% (95% CI 25–74) for Arms A, B, and C, respectively.

A total of 17, 16, and 23 patients in Arms A, B, and C, respectively,
were identified as having high baseline serum IFNy (cut-off was set at
0.58), based on a ReceiverOperatingCharacteristic (ROC) analysis that
identified a cut-off value of 0.580 pg/ml. The ROC analysis was based
on patient status (alive/dead). The numbers of patients with low
baseline serum IFNy across the arms were 10, 12, and 11, in arms A, B,
and C, respectively. The cut-off value for IFN was assessed through the

Youden’s J index, which maximizes sensitivity and specificity in ROC
curves, and confirmed by Maximally Selected Rank Statistics (“max-
stat” package)

Considering IFNy levels as a continuum, the HR for IFNy and OS
across all arms was 1.11 (95% CI: 0.95–1.30; p =0.20) (p < 0.10 was
considered as suggestive of difference). The p value for interaction
between IFNy andOS across all patients was 0.39.Within each arm, the
4-year OS rates for patients with high baseline IFNy in Arms A and B
were 29% (95% CI 8–51) and 50% (95% CI 25–75), respectively. Patients
with low serum IFNy at baseline in Arms A and B had 4-year OS rates of
52% (95%CI 16–89) and 58% (95%CI 30–86), respectively (HR: 1.93; 95%
CI: 0.99–3.76). By contrast, in Arm C, the 4-year OS rate for patients
with high IFNy versus low IFNy were 48% (95% CI 27–68) versus 73%
(95% CI 46–99) (Fig. 4).

Serum levels of IFNy were significantly associated with down-
stream cytokines and chemokines. Table 2 shows the correlations in
the overall population. In Arm A, serum levels of IFNy were positively
correlatedwith serum IL-6, IL-10 and VEGFC. In ARMC, serum levels of
IFNy were positively correlated with CXCL10 and IL-17 (data
not shown).

A hierarchically clustered co-correlational heatmap of cyto-
kines and clinical variables in the overall population is provided in
Fig. 5A, with levels of correlation between cytokines in each arm
(Fig. 5B–D).

Fig. 3 | Overall survival by JAKmutation status.Kaplan–Meier survival curves for
patientswithwild type JAK1/2 (blue) anddeleteriousmutations in JAK1/2 (green) are
shown, in Arm A (targeted therapy followed by immunotherapy), Arm
B (immunotherapy followed by targeted therapy), and Arm C (a course of targeted

therapy preceding immunotherapy and targeted therapy) of SECOMBIT. Dotted
lines represent 95% confidence intervals. Source data are provided as a Source
Data file.
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Overall, MMP-9 and IFN-α were significantly more expressed in
patients with SD or PD than in those with PR or CR (Supplemen-
tary Fig. 5).

Discussion
These 4-year follow up data from the randomized, phase II SECOMBIT
trial continue to demonstrate meaningful survival benefit with immu-
notherapy with or without an 8-week course of targeted therapy for
the first-line treatment of BRAF-mutant metastatic melanoma. Fur-
thermore, exploratory biomarkers analyses reveal unexpectedly
improved 4-year OS rates for patients with defects in JAK as well as low
baseline levels of serum IFNy in thefirst-line immunotherapy arms.The
correlation of all the other molecules represented in the panel with
clinical outcomes was not significant.

Prior to 2021, no prospective data were available to inform
selection of first-line therapy for BRAF-mutant metastatic melanoma.
The results of SECOMBIT13 and DREAMseq14 established that combi-
nation immunotherapy shouldbeconsidered the standardof carefirst-
line regimen. Whether some patients may obtain additional benefit
from a short course of targeted therapy before initiation of immu-
notherapy and biomarkers to select patients for the sandwich
approach remained open questions.

The 4-year OS rates in Arms B and Arm Cwere 59% (95%CI 53–76)
and 63% (95% CI 47–71), compared to 46% (95% CI 33–59) for Arm A.

In CheckMate 067, the 5-year OS rate was 60% in patients with
BRAFV600-mutant tumors4. Long tails on the survival curves are now
becoming evident in all three arms of the study, even in Arm A,
reflecting the planned switch to immunotherapy after the first PD. As
expected, the OS curves for Arms A and B cross, with the immu-
notherapy first approach outperforming the targeted therapy first
approach after roughly the 1-yearmark.Of note, theOSandTPFS curve
for ArmC, the sandwich approach, remains above those for both other
arms for thefirst roughly 18months, afterwhich the trajectory is nearly
identical to Arm B. Strikingly, both early and long-term TPFS and OS
benefit in Arm C was maintained in the subgroups of patients with
disease features indicative of compromised immunity that are known
to predict poor outcomes with checkpoint blockade, including ele-
vated LDH27–29, TMB-L30, and low IFNy31–33.

Low serum levels of interferon at baseline as well as mutations in
JAKwere associatedwith improved 4-year survival in the sandwich and
immunotherapy-first treatment arms. Strikingly, all patients with JAK
mut inARMBhave 100%OS. These results seemingly conflictwithwell-
characterized mechanisms of primary20 and secondary resistance19 to
anti-PD-1, as well as the predictive role of tumor IFNy-associated gene
expression signatures in response to checkpoint blockade31, although
these studies focused on IFNy signaling in tumor tissue as opposed to
serum concentrations of the cytokine. Indeed, it cannot be ruled out
that pleiotropic effects of IFNy have a role in this event21–26. Loss of

Fig. 4 | Overall survival by baseline serum interferon gamma (IFNy).
Kaplan–Meier survival curves for patients with low baseline serum IFNy (blue) and
high baseline serum IFNy (green) in Arm A (targeted therapy followed by immu-
notherapy), Arm B (immunotherapy followed by targeted therapy), and Arm

C (a course of targeted therapypreceding immunotherapy and targeted therapy) of
SECOMBIT. Dotted lines represent 95% confidence intervals. Source data are pro-
vided as a Source Data file.
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tumor antigenicity cannot account for the results, as 3 of the 7 patients
in ArmBwith JAK-mutant tumorswerealsoTMB-L and6of thepatients
with low baseline serum IFNy were TMB-H. It has recently been shown
that prolonged IFN stimulation promotes cancer cells resistance to
checkpoint blockade by inducing epigenetic features of inflammatory
memory34. Strikingly, TMB-H was not associated with improved sur-
vival in Arm C, despite corresponding to better outcomes in Arms A
and B. The findings in Arm C are consistent with exploratory bio-
markers analyses fromCOMBI-AD showing that high TMB is associated
with reduced clinical benefit from adjuvant targeted therapy for
resected stage IIIA (lymph node metastases >1mm), IIIB, or IIIC cuta-
neousmelanoma, especially if the IFNy signature is below themedian35.
In SECOMBIT, arm C received an initial administration of targeted
therapy followed by immunotherapy. We hypothesize that this short
initial administration of targeted therapy could modify some biologi-
cal mechanisms underlying a resistance to immunotherapy.

Strikingly, all the patients with tumors with deleteriousmutations
in JAK in Arm B were still alive at extended follow up. These results
seemingly conflict with the canonical role of JAK1/2mutations leading
to resistance to anti-PD-1 therapy in melanoma20, and the established
mechanism of PD-L1 regulation by the type II interferon receptor sin-
gling pathway via JAK1 and JAK236. However, in other highly immuno-
genic tumors such as microsatellite instability-high colorectal cancer,
intact JAK signaling is or antigen presentation machinery is not
required for outstanding outcomes with immunotherapy37,38.
Improved responses to anti-PD-1 have even been reported in patients
with JAK-mutant colorectal cancers39. The mechanisms underlying
improved responses to anti-PD-1 in JAK-mutant tumors are still
incompletely understood. Administration of TLR-9 agonists over-
comes anti-PD-1 resistance in murine models40, and a serendipitous
activation of innate immunity via infection or other perturbation may
have occurred in the patients with JAK-mutant tumors in our cohort. In
lymphomas, chromosomal alterations in the region carrying JAK fre-
quently cause overexpression of PD-L141, and oncogenic JAK upregu-
lates PD-L1 in myeloproliferative neoplasms42. Whether the mutations
predicted to be damaging by the PolyPhen2 scores we detected in this

study might also alter the transcriptional regulation of PD-L1 is not
known, however, the close link between the JAK/STAT signaling
pathwayandPD-L1 as illustrated by anetwork interactionmapof direct
and functional protein-protein interactions derived from the STRING
database (https://string-db.org/) in Fig. 6 supports such a possibility.

IFNy signaling is broadly conserved in melanoma cells43, and
attributed as themain driver of response to PD-1 blockade32. Binding of
IFNy to the IFNGR1/2 complex results in activation of JAK1 and JAK2,
phosphorylation and nuclear translocation of STAT3, and transcrip-
tional activation of primary and secondary interferon-responsive
genes44. In tumor cells, IFNy causes cell cycle arrest and upregulation
of the antigen presentation machinery, while lymphocytes and endo-
thelial cells exposed to the cytokine secrete chemoattractants such as
CXCL1032,43,44. IFNy signaling is well-known to be a double-edged
sword, however, that both enhances and inhibits anti-tumor
immunity44,45. Effector T cell activity in the TME induces adaptive
immune resistance mechanisms46 including IFNy-mediated upregula-
tion of immune checkpoints, including PD-L147. BRAFV600 further
enhances IFNy-inducible PD-L1 expressionby enhancing translation via
a STAT1-dependent mechanism48. Consistent with this, in Arm A,
serum IFNy was associated with significant changes in IL-6, IL-10, and
VEGF, indicative of an immunosuppressed TME.

IFNy signaling in tumor cells leads to direct suppression of lym-
phocyte effector functions via multiple checkpoints and inhibitory
pathways beyond PD-L1, all of which may have contributed to the
survival outcomes across the arms. In particular,BRAF inhibition,
which all patients in Arm C received prior to ipilimumab plus nivolu-
mab treatment, decreases IFNy-stimulated PD-L1 expression while
enhancing expression of the immunosuppressive lectin Gal-149. Addi-
tionally, IFNy causes the upregulation of non-canonical MCH class I
molecules such as human leukocyte antigen (HLA)-G and HLA-E50,
which limit anti-melanoma cytotoxicity by T cells51. Multiple check-
point ligands are upregulated on tumor cells by IFNy, including Qa-1b,
which binds NKG2A/CD94 on NK cells and activated CD8+ effector
T cells22 and CD155, which interacts with the T cell immunoreceptor
with Ig and ITIMdomains (TIGIT) 52. Adaptive immune evasion has long
been known to involve IDO upregulation and Treg differentiation as
direct consequences of IFNy in the TME46. IFNy also indirectly limits T
cell effector function by causing a switch toward tolerogenic IDO+

dendritic cells, which support Treg differentiation53, contribute to
MSDC recruitment54, and impair CD8+ T cell priming24.

Furthermore, the role of IFNy signaling in response to anti-PD-1
has mainly been characterized in the context of monotherapy. In
SECOMBIT, patients were treated with combination anti-PD-1 and anti-
CTLA-4. Dual checkpoint blockade, distinct from anti-PD-1 alone, leads
to an expansion of activated terminally differentiated effector CD8+

T cells55. In mice with low tumor burden, IFNy signaling has been
demonstrated to causeclonal deletionof tumor antigen-specificTcells
upon dual checkpoint blockade due to activation-induced cell death25.
Non-lymphocyte populations also play a role in suppressing cytotoxic
activity by effector T cells. IFNy also promotes immune tolerance via
cross-presentation of tumor antigens by lymphatic endothelial vessels,
which enhances Treg function leading to apoptosis of antigen-specific
CD8+ T cells in the draining lymph node21,56,57. While patients in
SECOMBIT all had advanced melanoma, the short course of BRAF
inhibition in Arm C may have shifted the immune infiltrate toward
dominance of newly activated effector T cells by normalizing the
vasculature, debulking the tumor, increasing glucose availability58,59,
and alleviating hypoxia60. Patients with elevated IFNy at baseline in
Arm C may have then experienced hyperactivation and apoptosis of
antigen-specific effector T cells upon ipilimumab plus nivolumab
treatment. Further supporting this model, TMB-H did not associate
with improved survival in Arm C, indicating that highly antigenic
tumors do not confer a survival advantage for patients treatedwith the
sandwich approach. Serum IFNy in Arm C also positively correlated

Table 2 | Correlation of serum levels of IFNywith downstream
cytokines and chemokines in the whole study cohort

Spearman correlation
coefficient

Nominal
P value

Adjusted
P value*

VEGFC 0.202 0.064 0.54

TNFALPHA 0.189 0.083 0.54

IL-4 −0.187 0.086 0.54

IL-2 −0.146 0.18 0.68

PDGF_BB 0.144 0.19 0.68

IL-15 0.129 0.24 0.68

IL1b_IL1F2 0.126 0.25 0.68

MMP9 0.106 0.33 0.78

ANGIOPIETIN2 −0.082 0.46 0.94

CCL2 0.074 0.50 0.94

CXCL5 0.057 0.60 0.94

PIGF −0.053 0.63 0.94

FGF 0.038 0.73 0.94

CXCL10 0.038 0.73 0.94

HB 0.089 0.74 0.94

VEGF 0.027 0.81 0.96

IL-6 −0.003 0.97 0.98

IL-17 0.002 0.98 0.98

IL-10 0.003 0.98 0.98

P values are adjusted by Benjamini–Hochberg method.
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Fig. 5 | Heatmaps. Panel A (n = 89 patients) shows hierarchical co-clustering of
clinical variables and baseline serum cytokine levels in the overall cohort. Levels of
correlation of each cytokine with the other ones in arm A (panelB, n = 27 patients),

in arm B (panel C, n = 28 patients), in arm C (panel D, n = 34 patients). The setting
for the visible lower and upper scale bounds is two standard deviations (ANOVA
was used for comparison of groups). *shows unavailable cytokines.
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with CXCL10 and IL-17, further underscoring that a lack of T cell infil-
tration into the tumor was not limiting for outcomes in the group of
patients with high baseline serum IFNy treated with the sandwich
approach.

Additional analyses are needed to confirm the trends that we
observed and to definitively establish the mechanisms underlying the
survival outcomes. Limitations of this study include the small number
of patients included in the biomarkers analysis as well as the lack of
high-resolution information on cellular populations and cytokine
levels within the TME. Our analyses solely focused on serum IFNy.
While IFNy-associated gene expression profiles in tumor samples are
well-established predictors of response and resistance to checkpoint
blockade19,20,31, the degree of correlation between serum and intratu-
moral levels of IFNy in melanoma is not well established. Peripheral
IFNy has been shown to predict responses to therapeutic vaccines in
melanoma61, but it has not yet been validated as an independent bio-
marker of response to checkpoint blockade. The correlation we
observed between serum IFNy and downstream cytokines supports
the physiological relevance to tumor biology in our study. Our data
indicate that low baseline serum IFNy may have some utility to select
patients for BRAF/MEK induction before ipilimumab plus nivolumab.
However, a multi-factor biomarker involving several cytokines or
multiple clinical and laboratory features will likely be necessary to
inform treatment decisions.

In conclusion, the 4-year survival results from SECOMBIT further
cement the status of immunotherapy as the preferred first-line treat-
ment option for BRAFV600-mutant metastatic melanoma. Some
patients with significantly impaired immunity at baseline may require
brief course of BRAF/MEK inhibition to halt rapidly progressing dis-
ease and prime the TME for unrestrained CD8+ T cell effector function
with checkpoint blockade. Our results also are hypothesis-generating
for further investigation into peripheral cytokine levels at baseline as
predictors of benefit with immunotherapy. Further studies are needed
to validate biomarkers for patient selection and elucidate the mole-
cular mechanisms responsible for durable clinical benefit with
sequential combination immunotherapy and targeted therapy.

Methods
Study design
This study was designed in 2015 as a phase II, open-label randomized
trial with no formal comparative test and a single-stage design for each
arm. Patients were enrolled at 37 academic medical centers in 9
countries. The trial protocol was approved by the appropriate ethics
body at each participating institution and is available in the Supple-
mentary Information file. An independent data monitoring committee
oversaw the trial. SECOMBIT is registered at ClinicalTrials.gov

(NCT02631447). The study design and conduct complied with all
current regulations regarding the use of human study participants and
was conducted in accordancewith the criteria set by theDeclaration of
Helsinki.

Participants
Participants aged ≥18 years and Eastern Cooperative Oncology Group
(ECOG) performance status (PS) 0 or 1 with histologically confirmed
unresectable stage III or stage IV melanoma with measurable disease
by computed tomography (CT) or Magnetic Resonance Imaging (MRI)
per RECIST 1.1 criteria62 and tumors harboring a BRAFV600 mutation
were enrolled. All patients provided written informed consent before
enrollment. Detailed eligibility criteria were published previously13 and
are available in the study protocol (available in the Supplementary
Information file). The first patient was enrolled onDecember 23rd 2016,
and the last one on May 23rd 2019.

Randomization
Patients were randomized 1:1:1 across treatment arms. Arm A received
encorafenib plus binimetinib until progressive disease [PD], followed
by ipilimumab plus nivolumab until second PD. Arm B received ipili-
mumab plus nivolumab until PD followed by encorafenib plus bini-
metinib until second PD. Arm C (‘sandwich’ or ‘induction/
maintenance’) received encorafenib plus binimetinib for 8 weeks fol-
lowed by ipilimumabplus nivolumab until PD followed by encorafenib
plus binimetinib until second PD). Patients were stratified by number
of involved tumor sites and LDHelevation (IIIb/c–M1a –M1b,M1cwith
LDH ≤ 2ULN, and M1c with elevated LDH> 2 ULN).

Procedures
Patients were treated with encorafenib plus binimetinib (encorafenib
at 450mgorally oncedaily, binimetinib at 45mgorally twice daily) and
ipilimumab plus nivolumab (ipilimumab 3mg/kg, nivolumab 1mg/kg
once every 3 weeks for 4 cycles, followed by nivolumab 3mg/kg once
every two weeks) according to the treatment sequence for each arm.
Tumor responses were assessed by investigators every 8 weeks for the
first year and every 12 weeks thereafter while on study according
RECIST version 1.162. Survival rates at 4 years were estimated using
Kaplan–Meier methods. Tumor tissue from an unresectable or meta-
static site of disease was required per protocol to be collected for
biomarker analyses at baseline and at progression, as a prespecified
analysis. Peripheral blood was collected at baseline. A more detailed
description of assessments is available in the trial protocol (available in
the Supplementary Information file).

Statistical analyses
PFSwas calculated as the timebetween randomization and evidenceof
relapse or death, whichever occurs first or censored at the time of last
evaluation. OS was calculated as the difference between randomiza-
tion and death, or censored at the time of last follow-up. The
Kaplan–Meiermethodwas used to estimateOS and PFS. HazardRatios
and their 95% confidence intervals were calculated using the Cox
regression model. Associations among cytokines were evaluated with
the Spearman coefficient and P values were adjusted for multiplicity
using the Benjamini–Hochberg procedure. Mann–Whitney test was
used to evaluate the expression of cytokines in subgroups of patients.
Statistical analysis was performed using IBM-SPSS version 21.0 or later
and R v.4.02 on a Windows 10 operating system.

FFPE DNA extraction and next generation sequencing
Genomic DNA was isolated from formalin-fixed and paraffin-
embedded (FFPE) tissue sections from melanoma patients, using the
GeneRead DNA FFPE Kit (Qiagen, Hilden, Germany) and following
manufacturer´s instructions. DNA concentrations were assessed by
Qubit 2.0 Fluorometer with Qubit dsDNA HS (High Sensitivity) Assay

Fig. 6 | Network interactionmapdepicting regulatory interactionsbetween the
JAK/STAT signaling pathway and the PD-1(PDCD1)/PD-L1(CD274) axis. Line
thickness represents the strength of data. STRING (https://string-db.org/) uses a
spring model to generate the network images. Nodes are modeled as masses and
edges as springs; the final position of the nodes in the image is computed by
minimizing the ‘energy’ of the system63,64.
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Kit (Life Technologies, Carlsbad, CA, USA). Next generation sequen-
cing (NGS) analyses were performed using the Ion GeneStudio S5
Systemwith the Oncomine TumorMutational Load panel (OTML) that
includes a total of 409 cancer-related genes arranged in two primer
pools. The total genomic space splits up into a 1.2-Mb exonic region
and a 0.45-Mb intronic region. Libraries were generated starting from
10ng of DNA per primer pool for a total of 20 ng of input DNA using
the Ion AmpliSeq Library Kit Plus, barcoded with Ion Xpress Barcode
Adapters (Life Technologies) and purified with Agencourt Ampure XP
Beads (Beckman Coulter Life Sciences, Indianapolis, USA). The PCR
amplicons were diluted to a final concentration of 70 pM and pooled
together; emulsion PCR andChip loading steps were performed by the
Ion Chef Instrument. Libraries sequencingwas performed loading four
samples on each Ion 540 chip. Raw sequence data were analyzed with
the Torrent Suite™ Software (Version 5.10.2). Torrent Mapping Align-
ment Program was used to map reads against hg19 human reference
genome. Torrent Variant Caller Plugin (V 5.10.1.19) and Coverage
Analysis and were used to perform initial quality control and to assess
amplicon coverage for regions of interest. The resulting BAM (variant
call format, VCF) files were transferred to Ion Reporter software ver-
sion 5.16 (Thermo Fisher Scientific) for secondary analyses, including
variants annotation and Tumor Mutational Burden (TMB) calculation.
We estimated the proportion of sequence reads that matched a par-
ticular DNA variant by dividing this count by the overall number of
reads at the relevant genomic locus inorder to obtain theVariant Allele
Fraction (VAF) for each somatic variant recovered from VCF files. The
following formula was used by us:

VAF = (N_ref + N_var)/N_var; By counting reads that supported
both the reference allele (N_ref) and the variant alleles (N_var) at the
pertinent genomic region, we were able to determine the results.

Variant calling and TMB assessment
Variants were annotated using the following databases: 5000Exomes
Global MAF (V 2016_11_08), ClinVar (V 2020_11_21), COSMIC (V 92),
dbSNP (V 154), DGV (V 2020_02_25), DrugBank (V 2020_10_29), Gene
Ontology (V 2020_11_18) OMIM (V 2020_12-02), Pfam (V 33), PhyloP
Scores (V 2016_09-19). Bulk analyses were carried out to obtain a
total amount of at least 10mutated alleles for each candidate variant,
according to the followingminimum criteria: coverage of ≥200 reads
and frequency of mutated alleles ≥5%. For specific gene pathways
(BRAF-NRAS, PI3K-PTEN, JAK1/2/3-CTNNB1), we performed a more
accurate analysis with less stringent parameters: at least 5 mutated
alleles for each candidate variant with a coverage of ≥100 reads.
Mapped reads and variant calls were visualized using Integrative
Genome Viewer (IGV). TMB (Algorithm Version 4.0) value was
directly calculated by the Ion Reporter™ Software including variants
at ≥5% allelic frequency at positions with sufficient read
coverage (≥60).

BRAFV600 ddPCR detection
Samples in which V600 BRAF mutation was not identified by NGS
technology were subjected to a more sensitive analysis by Droplet
Digital PCR (ddPCR) assay. Briefly, 10 ng of DNA quantified with Qubit
dsDNAHSwere used to screen V600E/K/Rmutations of the BRAF gene
with the QX200Droplet Digital PCR System (Bio-Rad). TheMaster mix
for ddPCR included 11μL of 2X ddPCR Supermix for Probes (no dUTP,
Bio-Rad), 1μL of 20X BRAF V600 Screening Assay (#12001037, Bio-
Rad) and 10μL of DNA for a final volume of 22μL. 20μl of reaction
master mix was added to the DG8 cartridges (Bio-Rad, 1864008) with
the addition of 70 μl Droplet Generation Oil for Probes (Bio-Rad,
1863005); QX200 Droplet Generator (Bio-Rad, 10031907) was used to
produce droplet emulsion. Droplets were PCR amplified on a T100
Touch thermal cycler (Bio-Rad, 1861096) with the following program:
95 °C for 10’, 40 cycles of 94 °C for 30” and 55 °C for 1’, 98 °C for 10’ and
4 °C 30’, with a ramp rate of 2.5 °C/s. Readout of droplet fluorescence

wasperformedby theDroplet ReaderQX200Droplet Reader (Bio-Rad,
1864003) and analyzed with the QuantaSoft Analysis Pro Software
Version 1.7.4 (Bio-Rad, USA).

Polyphen score for JAK mutation characterization
The PolyPhen-2 score predicts the possible impact of an amino acid
substitution on the structure and function of a human protein. This
score represents the probability that a substitution is damaging. For
each variant, Ion Reporter™ Software reporting the pph2-prob
PolyPhen-2 score was used at https://ionreporter.thermofisher.
com/ir/secure/analyses.html. The PolyPhen-2 score ranges from 0.0
(tolerated) to 1.0 (deleterious). Variants with scores of 0.0 are pre-
dicted to be benign. Values closer to 1.0 are more confidently pre-
dicted to be deleterious. Scores of 0.0 to 0.15 were predicted to be
benign, scores of 0.15 to 1.0 were predicted as possibly damaging,
and scores of 0.85 to 1.0 were predicted confidently to be damaging.
Any additional information on the IonReporter software version used
can be find at https://assets.thermofisher.com/TFS-Assets/LSG/
manuals/MAN0019148_IonReporter_5_16_UG.pdf.

Cytokine analysis
Patients’ baseline peripheral blood was collected into serum tubes.
Serum was collected by centrifugation at 1700 × g for 10min and ali-
quots were immediately stored at −80 °C until use.

A panel of 22 inflammatory cytokines and molecules was quanti-
fied using a Luminex platform (Human Cytokine Discovery, R&D Sys-
tem,Minneapolis,MN) for the simultaneous detection of the following
molecules: IL-6, IL-15, IL-17, IFN-γ, TNFα, CCL-2, CXCL5, CXCL10, ANG-
2, FGF2, HB-EGF, VEGF, VEGF-C, MMP9, PDGF-BB, PIGK and by High
sensitivity ELISA for IL-1β, IL-2, IL-4, IL-10, IL-12p70, were evaluated at
baseline from93patients following themanufacturer’s instruction. For
each sample, two technical replicates were performed.

Data availability
All data generated in this study have been deposited in Zenodo
(https://zenodo.org/records/8386539), the variant allele frequency
(VAF) data have been deposited in the European Variation Archive
(EVA) at EMBL-EBI under the accession number PRJEB70957). The
accessions associated with the submission are: Project: PRJEB70957,
Analyses: NGS Analysis = > ERZ22145378. Accession is public in both
databases. Anonymous characteristics of patients at baseline are
shared. Clinical values and biomarkers reported in the manuscript are
shared. The study protocol is available as Supplementary Note in the
Supplementary Information file. The remaining data are available
within the Article, Supplementary Information or Source Data
file. Source data are provided with this paper.
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