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abstract

PURPOSE Currently, there are no robust biomarkers that predict immunotherapy outcomes in metastatic
melanoma.We sought to buildmultivariable predictive models for response and survival to anti-programmed cell
death protein 1 (anti–PD-1) monotherapy or in combination with anticytotoxic T-cell lymphocyte-4 (ipilimumab
[IPI]; anti–PD-1 6 IPI) by including routine clinical data available at the point of treatment initiation.

METHODS One thousand six hundred forty-four patients with metastatic melanoma treated with anti–PD-16 IPI at
16 centers from Australia, the United States, and Europe were included. Demographics, disease characteristics,
and baseline blood parameters were analyzed. The end points of this study were objective response rate (ORR),
progression-free survival (PFS), and overall survival (OS). The final predictive models for ORR, PFS, and OS were
determined through penalized regression methodology (least absolute shrinkage and selection operator method)
to select the most significant predictors for all three outcomes (discovery cohort, N 5 633). Each model was
validated internally and externally in two independent cohorts (validation-1 [N5 419] and validation-2 [N5 592])
and nomograms were created.

RESULTS The final model for predicting ORR (area under the curve [AUC]5 0.71) in immunotherapy-treated patients
included the following clinical parameters: EasternCooperativeOncologyGroupPerformanceStatus, presence/absence
of liver and lung metastases, serum lactate dehydrogenase, blood neutrophil-lymphocyte ratio, therapy (monotherapy/
combination), and line of treatment. The final predictive models for PFS (AUC5 0.68) and OS (AUC5 0.77) included
the same variables as those in the ORR model (except for presence/absence of lung metastases), and included
presence/absence of brain metastases and blood hemoglobin. Nomogram calculators were developed from the clinical
models to predict outcomes for patients with metastatic melanoma treated with anti–PD-1 6 IPI.

CONCLUSION Newly developed combinations of routinely collected baseline clinical factors predict the response
and survival outcomes of patients with metastatic melanoma treated with immunotherapy and may serve as
valuable tools for clinical decision making.

J Clin Oncol 40:1068-1080. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Treatment with immune checkpoint inhibitors improves
survival, with long-term durable control of melanoma in
a large subset of patients with metastatic disease.1-3

However, the highest 5-year overall survival (OS) is
currently 52% with the combination of ipilimumab (IPI)
and nivolumab3; thus, half still die of this disease. To
improve the clinical outcomes of patients further, there
is a tremendous need to accurately identify patients who
are likely to benefit from anti-programmed cell death

protein 1 monotherapy (anti–PD-1; pembrolizumab or
nivolumab) or in combination with anticytotoxic T-cell
lymphocyte-4 (IPI; anti–PD-1 1 IPI) as first or subse-
quent line of treatment, as well as thosewho are unlikely
to respond for whom it may be best to offer targeted
therapy or clinical trials instead.

Several factors have been identified as potential bio-
markers of response to immune checkpoint inhibitors
in metastatic melanoma.4 These include tumor-related
factors (eg, tumor mutational burden, programmed
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death-ligand 1 expression, American Joint Committee on
Cancer [AJCC] stage, and serum lactate dehydrogenase
[LDH] level),5 tumor microenvironment characteristics (eg,
tumor-infiltrating lymphocytes and interferon gamma ex-
pression),6 or host-level factors (eg, gut microbiome and
performance status).7,8 These factors have generally been
studied in isolation, have not been validated in independent
cohorts, have only been examined in relation to OS, have only
been studied in anti–PD-1 or IPI monotherapy cohorts, or are
not available in real time for clinical decision making. Only six
studies have developed a predictive/prognostic model for
response (2), survival (3), or both (1), with anti–PD-1 or IPI
monotherapy cohorts (none with combination therapy), and
only three performed external validation of the models.

In this study, we used routine clinical parameters available
at the point of treatment initiation from more than 1,500
patients with metastatic melanoma in both discovery and
validation cohorts to create models to predict objective
response rate (ORR), progression-free survival (PFS), and
OS for patients treated with anti–PD-1 or IPI 1 anti–PD-1
therapy. On the basis of these models, we generated
nomograms for each of these clinical outcomes for
anti–PD-1 and combination IPI 1 anti–PD-1.

METHODS

Study Design and Participants

We conducted a multicenter retrospective cohort study
including consecutive patients with metastatic melanoma
treated with anti–PD-1 or combination IPI 1 anti–PD-1 at
16 major melanoma centers in Australia, the United States,
and Europe between December 2009 and April 2020 (Data
Supplement, online only).

Procedures

Demographics, disease characteristics, and baseline blood
parameters were analyzed (Data Supplement). Tumor

response to anti–PD-1 monotherapy and IPI 1 anti–PD-1
therapy was assessed with regular scans as per standard of
care and according to each institution’s protocols (in general,
3-monthly computed tomography or computed tomography-
positron emission tomography imaging), and was deter-
mined on the basis of RECIST v1.19 by the site investigator,
which was consistent across all sites. No confirmatory scan
of response or progression was required.

Outcomes

The end points of this study were ORR, defined as the
proportion of patients who have a RECIST partial or
complete response to treatment; PFS, defined as time
from starting anti–PD-1 6 IPI to RECIST progression or
death from any cause or last follow-up if no progression
and still alive, and PFS rate at 1 and 2 years; and OS,
defined as time from starting anti–PD-16 IPI to death or
last follow-up if still alive, and OS rate at 1 and 2 years.

Statistical Analysis

Clinical predictive models. The associations of each factor
with OS and PFS were assessed from univariable Cox
proportional hazards models, whereas for ORR, uni-
variable Logistic regression model was used (Data Sup-
plement). Factors for which the hazard ratios and odds
ratio were statistically significant at the level of significance
0.2 (on the basis of Akaike information criterion ' 0.157)10

were then included in a multivariable Cox proportional
hazard model and multivariable logistic regression model,
respectively. The final predictive models were determined
through penalized least absolute shrinkage and selec-
tion operator method using variables from multivariable
model to select the most significant predictors for all three
outcomes.

Subgroups of predicted outcomes. Three subgroups of
predicted outcomes were predefined for each outcome

CONTEXT

Key Objective
Immune checkpoint inhibitors, anti-programmed cell death protein 1 (anti–PD-1) alone or in combination with anticytotoxic T-cell

lymphocyte-4 (ipilimumab [IPI]; anti–PD-1 1 IPI), have revolutionized the treatment of advanced melanoma; however, the
majority of patients will eventually progress, and half still die of melanoma. Biomarkers of response and survival to immune
checkpoint inhibitors in advanced melanoma are needed.

Knowledge Generated
We have generated validated multivariable models of response, progression-free survival and overall survival to anti–PD-1

monotherapy and combination anti–PD-1 1 IPI, and their respective nomograms, on the basis of an integrative analysis
of a wide array of baseline pretreatment clinicopathologic factors. These routine clinicopathologic parameters are readily
available in the clinic at the time of treatment initiation.

Relevance
These nomograms accurately forecast clinical outcome from checkpoint inhibitor immunotherapy in metastatic melanoma

and can be used to lead discussions with patients about prognosis, and possibly guide treatment selection between
anti–PD-1 monotherapy or anti–PD-1 combined with IPI.
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(ORR, PFS, and OS) before the generation of the model on
the basis of the model linear predictive index risk score:
predicted good outcome, predicted intermediate out-
come, and predicted poor outcome.

The study followed the Transparent Reporting of a multi-
variable prediction model for Individual Prognosis or Di-
agnosis guideline on reporting predictive models.11 All the
statistical analyses were carried out in SAS 9.4 (SAS In-
stitute Inc, Cary, NC) and R version 3.5.0 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Discovery, Validation-1, and Validation-2

Cohorts’ Characteristics

One thousand six hundred forty-four patients were studied.
Patients were included in three cohorts: discovery cohort
(N5 633); validation-1 cohort (N5 419); and validation-2
cohort (N 5 592).

Baseline patient and tumor characteristics of the dis-
covery and validation-1 cohorts (Table 1 and the Data

TABLE 1. Baseline Patient and Tumor Characteristics of the Discovery, Validation-1, and Validation-2 Cohorts
Characteristic Discovery (N 5 633) Validation-1 (N 5 419) P Validation-2 (N 5 592) P

Age, median (IQR), years 62 (50-70) 60 (51-69) .1839a 59 (49-70) .0918a

Sex, No. (%) .7997b .0091b

Female 207 (32.7) 141 (33.7) 237 (40.0)

Male 426 (67.3) 278 (66.3) 355 (60.0)

ECOG PS, No. (%) < .0001b < .0001b

0 323 (51.4) 292 (69.9) 354 (64.7)

$ 1 306 (48.6) 126 (30.1) 193 (35.3)

Missing values 4 1 45

Mutation status, No. (%) .2325c < .0001c

BRAF-mutant 239 (38.4) 150 (36.4) 294 (50.2)

NRAS-mutant 155 (24.9) 90 (21.8) 171 (29.2)

WT 228 (36.7) 172 (41.8) 121 (20.6)

Missing values 11 7 6

AJCC staging v8, No. (%) .1393b .0292b

III/M1A/M1B 204 (32.2) 154 (36.8) 227 (38.3)

M1C/M1D 429 (67.8) 264 (63.2) 365 (61.7)

Missing values 0 1 0

No. of organs involved, No. (%) .3365b .0003b

, 3 315 (49.8) 195 (46.5) 356 (60.1)

$ 3 318 (50.2) 224 (53.5) 236 (39.9)

LDH, No. (%), U/L .0036b .4678b

Normal 379 (60.4) 289 (69.5) 313 (58.2)

Elevated 248 (39.6) 127 (30.5) 225 (41.8)

Missing values 6 3 54

Treatment, No. (%) < .0001b .0001b

Anti–PD-1 261 (41.2) 226 (53.9) 181 (30.6)

IPI 1 anti–PD-1 372 (58.8) 193 (46.1) 411 (69.4)

First line, No. (%) < .0001 .3678

No 252 (39.8) 259 (61.8) 207 (37.1)

Yes 381 (60.2) 160 (38.2) 351 (62.9)

NOTE. Statistically significant differences (P , .05) are shown in bold.
Abbreviations: AJCC staging v8, American Joint Committee on Cancer staging version 8; ECOG PS, Eastern Cooperative Oncology Group Performance

Status; IPI, ipilimumab; IQR, interquartile range; LDH, lactate dehydrogenase; anti–PD-1, anti-programmed cell death protein 1.
aWilcoxon rank sum test for continues variables.
bPearson’s chi-square test with Yates correction was used for categorical variables.
cPearson’s chi-squared test.
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FIG 1. Objective response. Risk calculator for objective response in patients treated with anti–PD-16 IPI. (A) Nomogram calculators for objective
response (event5 response [good outcome]). (B) Bar plot showing the ORR in the three predefined subgroups of predicted outcomes: predicted
good (blue), intermediate (orange), and poor (red) response, from the discovery, the validation-1, and the validation-2 cohorts. On the basis of the
predefined subgroups of predicted outcomes, the ORR was 76% (discovery; n 5 123), 76% (validation-1; n 5 68), and 69% (validation-2;
n 5 100) for patients with predicted good response (score: . 208 points); 47% (discovery; n 5 367), 53% (validation-1; n 5 253), and 48%
(validation-2; n 5 240) for patients with predicted intermediate response (score: 123-208 points); and (continued on following page)
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Supplement) were overall similar and were typical of a
population with metastatic melanoma, although the
validation-1 cohort had a lower proportion of patients with
Eastern Cooperative Oncology Group Performance Status
(ECOG PS)$ 1 (30.1% v 48.6%; P, .0001), elevated LDH
(30.5% v 39.6%, P 5 .0036), presence of brain (21.0% v
30.3%, P 5 .0010) or splenic (4.1% v 8.1%, P 5 .0141)
metastases, IPI 1 anti–PD-1 treatment (46.1% v 58.8%,
P , .0001), and first-line treatment (38.2% v 60.2%, P ,
.0001), but a higher percentage of patients with adrenal
metastases (17.2% v 11.8%%, P 5 .0186).

When comparing the baseline patient and tumor charac-
teristics for the discovery and the validation-2 (Table 1 and
the Data Supplement) cohorts, the validation-2 cohort had a
higher proportion of females (40% v 32.7%, P 5 .0091),
patients with BRAF mutation (50.2% v 38.4%, P , .0001),
and IPI1 anti–PD-1 treatment (69.4% v 58.8%, P5 .0001),
but a lower proportion of patients with ECOGPS$ 1 (35.5% v
48.6%, P , .0001), stage M1C/M1D (61.7% v 67.8%,
P5 .0292), and lung (50.7% v 58.1%, P5 .0104), GI (7.4%
v 16.1%, P , .0001), adrenal (5.7% v 11.8%, P 5 .0003),
soft tissue (22.2% v 29.2%, P5 .0099), and spleen (5.1% v
8.1, P 5 .0467) metastases, and $ 3 number of organs
involved (39.9% v 50.2%, P 5 .0003).

Baseline patient and tumor characteristics for the discov-
ery, the validation-1, and the validation-2 cohorts stratified
by treatment (anti–PD-1 v IPI 1 anti–PD-1) are presented
in the Data Supplement.

With a median follow-up of 24.0 months (95% CI, 20.7 to
26.4) for the discovery cohort, 35.4 months (95% CI, 32.4
to 37.9) for the validation-1 cohort, and 27.6 months (95%
CI, 25.5 to 31.3) for the validation-2 cohort, the clinical
outcomes were similar (Data Supplement). As expected,
IPI 1 anti–PD-1 was associated with higher ORR, and
longer PFS and OS compared with anti–PD-1 monotherapy
across the three cohorts (Data Supplement).

Models for Objective Response, PFS, and OS

With a total of 633 patients, 293 objective responses, 358
disease progression/death, and 229 deaths, the discovery
cohort met the required criteria to derive a robust predictive
model for each outcome (Data Supplement). To build a
predictive model for objective response, we first performed
univariable analysis of the discovery cohort to study the as-
sociation between clinical factors (patient demographics,
disease characteristics, and blood parameters) and response.
From the variables associated with response in the univariate
analysis, the final predictive model was built and included

ECOG PS, presence/absence of lung and liver metastases,
LDH, neutrophil-lymphocyte ratio (NLR), and type and line of
treatment (Data Supplement), with an area under the curve
(AUC) 5 0.71 (Data Supplement). A nomogram was devel-
oped (Fig 1A) and tested comparing the ORR in the discovery
and validation cohorts, for the three predefined subgroups of
predicted response: good, intermediate, and poor (Fig 1B
and the Data Supplement). Internal (C-statistics5 0.69) and
external validation (C-statistics 5 0.67 for validation-1 and
C-statistics5 0.67 for validation-2) confirmed the consistency
of the model (Data Supplement).

The same method was used to develop the final predictive
model for PFS and OS. The final predictive model for PFS
included presence/absence of brain metastases and he-
moglobin, in addition to the same factors included in the
ORR model (except for lung metastases): ECOG PS, liver
metastases, LDH, NLR, and type and line of treatment
(Data Supplement), with an AUC 5 0.68 (Data Supple-
ment). A nomogram was generated (Fig 2A) and patients
were categorized into predicted good PFS, predicted in-
termediate PFS, and predicted poor PFS according to the
nomogram score in the discovery cohort, and tested in the
validation-1 and validation-2 cohorts (Fig 2B and the Data
Supplement). Internal (C-statistics 5 0.67), and external
validation (C-statistics 5 0.67 for validation-1 and
C-statistics 5 0.66 for validation-2) of this model (Data
Supplement) were also performed.

Finally, the final predictive model for OS included the same
factors as for PFS: ECOG PS, liver and brain metastases,
hemoglobin, LDH, NLR, and type and line of treatment (Data
Supplement), with AUC 5 0.77 (Data Supplement). After
generation of the nomogram (Fig 3A), patients were classified
into predicted good OS, predicted intermediate OS, and
predicted poor OS according to the nomogram score in the
discovery cohort, and tested in the validation-1 and validation-
2 cohorts (Fig 3B and the Data Supplement show the cali-
bration of the nomogram). Internal (C-statistics 5 0.76) and
external validation (C-statistics 5 0.72 for validation-1 and
C-statistics 5 0.74 for validation-2) were performed (Data
Supplement).

The performance of these three models was similar when
applied to patients treated in the first-line setting only (same
variables, excluding line of treatment; data not shown).

Tool for Treatment Selection: Anti–PD-1 Monotherapy

Versus IPI 1 Anti–PD-1

To help select the most appropriate treatment (anti–PD-1
monotherapy v IPI1 anti–PD-1) for patients with advanced

FIG 1. (Continued). 21% (discovery; n 5 123), 31% (validation-1; n 5 93), and 33% (validation-2; n 5 80) for patients with predicted poor
response (score: 0-122 points). Patients with missing data on at least one of the factors included in the nomogram were excluded from these
subgroups of predicted outcomes: discovery cohort—20 patients; validation-1 cohort—5 patients; and validation-2 cohort—172 patients. ECOG
PS, Eastern Cooperative Oncology Group Performance Status; IPI, ipilimumab; LDH, lactate dehydrogenase; Neutro-Lympho Ratio, neutrophil-
lymphocyte ratio; ORR, objective response rate; anti–PD-1, anti-programmed cell death protein 1.
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FIG 2. Progression-free survival. Risk calculator for PFS in patients treated with anti–PD-16 IPI. (A) Nomogram calculator for PFS (event5 progression
[poor outcome]). (B) Calibration plots (as Kaplan-Meier curves) for PFS of patients in the three predefined subgroups of (continued on following page)
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melanoma, we then built a predictive model for response to
anti–PD-1 monotherapy and for IPI 1 anti–PD-1, sepa-
rately. The final predictive model for anti–PD-1 mono-
therapy included melanoma primary site, mutation status,
LDH, and NLR (Data Supplement), with an AUC of 0.73
(Data Supplement). Differently, the final predictive model
for IPI 1 anti–PD-1 included ECOG PS, presence/absence
of lung and liver metastases, LDH, NLR, and line of
treatment (Data Supplement), with an AUC of 0.74 (Data
Supplement).

Using these two models, we calculated the predicted re-
sponse for each treatment separately (anti–PD-1 mono-
therapy and IPI 1 anti–PD-1) for each patient and
compared the predicted response with the real response,
confirming the consistency of ourmodel for both treatments
(Data Supplement). We then compared the expected re-
sponse rate for anti–PD-1 monotherapy and IPI1 anti–PD-1
for each patient (Fig 4). For those patients with predicted
response to IPI 1 anti–PD-1 significantly higher (. 25%)
than that for anti–PD-1 monotherapy (26% of the entire
cohort of this study), combination IPI1 anti–PD-1 should be
favored. For the remaining patients, treatment selection
should be discussed case by case, taking into account the
predicted response for anti–PD-1 monotherapy and the
benefit with IPI1 anti–PD-1, toxicity profile of both treatment
strategies, and comorbidities of the patient.

DISCUSSION

To our knowledge, this is the first study to develop clinically
useful nomograms that will accurately forecast clinical outcome
from checkpoint inhibitor immunotherapy in metastatic mel-
anoma, on the basis of an integrative analysis of a wide array of
baseline pretreatment clinicopathologic factors. Moreover,
these toolsmight also help guiding treatment selection between
anti–PD-1monotherapy and combination IPI1 anti–PD-1. In a
large international data set of 1,644 patients with metastatic
melanoma, we generated validated multivariable models of
response, PFS, and OS to anti–PD-1 monotherapy and com-
bination anti–PD-1 1 IPI. Unlike many proposed molecular
markers in development, these routine clinical parameters are
readily available in the clinic at the time of treatment initiation,
and should serve as useful tools when discussing first or further
lines of treatment with patients, and should also constitute the
basis for future molecular biomarker studies in this setting.
Furthermore, novel biomarkers, such as primary melanoma
site, anatomical sites of metastases (ie, liver, lung, and brain

metastases) and hemoglobin, may offer insights into tumor
biology that will spur further translational research.

A common characteristic of the available predictive models
to immunotherapy is the high sensitivity, but low specificity,
as it has been easier to identify good responders, but very
difficult to predict nonresponders. This may be a conse-
quence of clinical and molecular heterogeneity within the
nonresponders to immunotherapy.12 Therefore, this study
sets the bar for further molecular biomarker studies to
improve prediction in this setting. Moreover, these models
should help and supplement, but not replace, best clinical
judgment and honest discussion with patients about risk
and benefits of each immunotherapy approach, anti–PD-1
monotherapy or in combination with IPI. It will also assist
clinicians to identify those unlikely to respond, who need
novel clinical trial options from the outset (ie, first-line).

Several clinical (eg, ECOG PS and presence/absence of liver
and brain metastases)13-16 and hematologic factors (eg, LDH
and NLR)17-19 have been described to be associated with
response or resistance to immune checkpoint inhibitors20-23;
however, in the majority of the cases, these factors have
been studied in small cohorts and not included in multi-
variable models. It remains largely unknown which factors
are simply prognostic, reflecting natural history, which
predict drug benefit, or which may be both. Moreover, many
studies have only looked at OS, without considering response
or PFS, and may reflect natural history rather than a treat-
ment effect.24,25

In this study, we validated some of these factors as prog-
nostic (associated with survival; ECOG PS, presence/ab-
sence of liver and brain metastases, LDH, and NLR), and
although we lack a control group of untreated patients in our
study, our data suggest that these factors may also be
predictive (associated with response). ECOG PS, which in
our study was associated with ORR, PFS, and OS, is a well-
known prognostic factor, shown to be associatedwith shorter
OS in various cancers,26,27 but it may also be predictive, as
patients with a poorer performance status have a lower
response rate to immune checkpoint inhibitors.13,14

Importantly, the presence of brain metastases associated
with shorter PFS and OS, but it did not associate with poorer
response in this study and therefore suggesting being
mainly prognostic. Clinical trial data suggest this, with in-
tracranial and extracranial response rates to combined
immunotherapy in asymptomatic patients being similar to

FIG 2. (Continued). predicted outcomes: predicted good (blue), intermediate (orange), and poor (red) PFS, from the discovery (continuous line), the validation-
1 (dashed line), and the validation-2 (dotted line) cohorts. On the basis of the predefined subgroups of predicted outcomes, the 1-year PFS was 75%
(discovery; n5 123), 78% (validation-1; n5 61), and 71% (validation-2; n5 61) for patients with predicted good PFS (score: 0-78 points); 46% (discovery;
n5 366), 50% (validation-1; n5 271), and 44% (validation-2; n5 186) for patients with predicted intermediate response (score: 79-191 points); and 15%
(discovery; n5 123), 18% (validation-1; n5 82), and 35% (validation-2; n5 63) for patients with predicted poor response (score:. 191 points). Patients with
missing data on at least one of the factors included in the nomogram were excluded from these risk groups: discovery cohort—21 patients; validation-1
cohort—5 patients; and validation-2 cohort—282 patients. ECOG PS, Eastern Cooperative Oncology Group Performance Status; IPI, ipilimumab; LDH, lactate
dehydrogenase; Neutro-Lympho Ratio, neutrophil-lymphocyte ratio; anti–PD-1, anti-programmed cell death protein 1; PFS, progression-free survival.
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FIG 3. Overall survival. Risk calculator for OS in patients treated with anti–PD-1 6 IPI. (A) Nomogram calculator for OS (event 5 death [poor
outcome]). (B) Calibration plots (as Kaplan-Meier curves) for OS of patients in the three predefined subgroups of predicted outcomes: predicted
good (blue), intermediate (orange), and poor (red) OS, from the discovery (continuous line), the validation-1(continued on following page)
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extracranial response rates in patients without brain
metastases.28,29 Moreover, although brain metastases were
not a key variable to predictive response to anti–PD-16 IPI
or anti–PD-1/IPI monotherapy, ABC clinical trial28 showed a
clear benefit of IPI 1 anti–PD-1 over anti–PD-1 mono-
therapy in this subgroup of patients. Recent studies have
shown that within AJCC stage M1C, the presence of liver
metastases is predictive of poorer response and it is as-
sociated with shorter PFS in patients with melanoma and
NSCLC treated with immunotherapy.16,30,31 In this study,
the presence of liver metastases was associated with lower
ORR, shorter PFS, and shorter OS in patients treated with
immunotherapy, suggesting this is both a predictive and
prognostic factor. The liver is a known site of immune
tolerance because of the constant interaction with gut
bacteria and food-derived antigens.32,33 This creates a dis-
tinct microenvironment, which induces T-cell tolerance
throughmultiple mechanisms. These include the interaction
of naive CD4 and CD8 T cells with liver sinusoidal endothelial
cells, causing a switch to regulatory T cells and partially
activated CD8 T cells that undergo apoptosis.34,35 Compared

with other sites ofmetastases, such as lymph nodes and lung
metastases, liver metastases’ microenvironment has a lower
intratumoral T-cell density,36 and further research is ongoing
to determine specific mechanisms of resistance in patients
with liver and brain metastases.

In this study, we identified blood parameters associated
with clinical outcome, including LDH, NLR, and hemo-
globin. LDH is included in the melanoma AJCC staging37

and is a prognostic factor across other cancer types.38 In
addition, LDH has also been shown to be a predictive
marker, and elevated LDH is associated with lower ORR
and shorter PFS with immunotherapy.39,40 Similarly, in this
study, LDH was a key variable in the models for all three
outcomes, indicating true predictive and prognostic value.
Similar to other studies where high NLR was associated
with worse PFS and OS regardless of treatment and across
various cancer types,18,19,41 in our data set, NLR was
essentially a prognostic factor in patients treated with im-
munotherapy. Interestingly, in our study, higher hemoglobin
is associated with longer PFS with immunotherapy, which

FIG 3. (Continued). (dashed line), and the validation-2 (dotted line) cohorts. On the basis of the predefined subgroups of predicted outcomes, the 1-
year OS was 99% (discovery; n5 123), 95% (validation-1; n5 68), and 92% (validation-2; n5 72) for patients with predicted good OS (score: 0-84
points); 75% (discovery; n5 366), 82% (validation-1; n5 272), and 72% (validation-2; n5 177) for patients with predicted intermediate response
(score: 85-210 points); and 30% (discovery; n5 123), 45% (validation-1; n5 74), and 39% (validation-2; n5 61) for patients with predicted poor
response (score: . 210 points). Patients with missing data on at least one of the factors included in the nomogram were excluded from these risk
groups: discovery cohort—21 patients; validation-1 cohort—5 patients; and validation-2 cohort—282 patients. ECOG PS, Eastern Cooperative
Oncology Group Performance Status; IPI, ipilimumab; LDH, lactate dehydrogenase; Neutro-Lympho Ratio, neutrophil-lymphocyte ratio; OS, overall
survival; anti–PD-1, anti-programmed cell death protein 1.
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versus IPI 1 anti–PD-1 (y-axis) for each patient (from the entire cohort of this study [discovery 1 validation-
1 1 validation-2 cohorts]). Above the oblique line defines the group of patients (n 5 335; 26%) with predicted
response to IPI1 anti–PD-1. predicted response to anti–PD-1monotherapy, with. 25% difference between both
treatments. Patients with missing data on at least one of the factors included in the nomogram were excluded from
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was previously reported for patients with NSCLC42; however,
the biology behind this finding is yet to be defined.

Combination IPI 1 anti–PD-1 and immunotherapy as first-
line treatment were both predictors of higher response rate
and longer PFS and OS in our models. The CheckMate-067
trial has shown a numerical advantage of the combination
treatment over anti–PD-1 monotherapy in response, PFS,
and OS. Although the trial was not powered to detect this
difference, and this benefit is small, this has been consistent
in subsequent analysis, including the most recent 5-year
PFS (36% v 29%) and OS (52% v 44%).3 In our study,
although type of treatment was not significantly associated
with any of the outcomes, it was included in the final pre-
dictive model for ORR, PFS, and OS, and combination
IPI 1 anti–PD-1 was associated with better clinical out-
comes. As expected, first-line treatment was associated with
better response and longer survival. Immunotherapy loses
efficacy when given as second line of treatment or later (eg,
after BRAF/MEK inhibitors), likely because of a larger volume
of disease, poorer condition of patient as well as possible
changes in biology as a result of previous treatments. This
was shown in previous studies,43-46 which we have validated
in our study. Moreover, these models showed similar ac-
curacy for patients treated in the first-line setting.

In the treatment-specific predictive models of response, in
anti–PD-1–treated patients, BRAF-mutant melanomas were
associated with worse response when compared with WT- or
NRAS-mutant melanomas, but this was not seen in the
combination therapy cohort. Data from the CheckMate-067
trial confirm this, showing lower 5-year PFS with nivolumab
in patients with (largely V600E) BRAF-mutant melanoma
than those with BRAF WT (22% v 32%) but a similar PFS
with combination therapy (38% v 35%).3 In our study,
mutation status was insufficiently predictive to be included in
our models, probably because of the fact that these models
were built and validated in a cohort combining anti–PD-1
monotherapy– and IPI 1 anti–PD-1–treated patients.

The site of primary melanoma was another factor associated
with response in anti–PD-1 monotherapy–treated patients

(but not in patients treated with the combination) in this study,
whereby patients with metastases from head and neck pri-
maries had better outcomes compared with patients with
primaries from other sites. Head and neck primary melano-
mas have a higher degree of chronic sun damage and tumor
mutation burden compared with other sites,47,48 and we have
previously shown that metastatic melanomas with the BRAF
V600K mutation, typically associated with head and neck
melanoma primaries, respond better to immunotherapy
compared with BRAF V600E melanomas.49,50 Efficacy of
combination immunotherapy may be less reliant on tumor
mutation burden and consequent immune activation; for
example, efficacy is not as strongly associated with
programmed death-ligand 1 expression3 as anti–PD-1 mon-
otherapy, and thus, the site of primary melanoma may not be
as important with combination therapy. Mucosal melanomas
were included as a small category within melanoma subtype
associated with shorter PFS and OS in anti–PD-1 6 IPI–
treated patients, however, data on melanoma subtype were
missing in more than 10% of the cohort, and this variable was
not included in the multivariable and modeling analysis.

These models were based on large retrospective cohorts,
with patient selection bias for each treatment, lacking a
control group of untreated patients to accurately assess the
interaction between treatment options and predictive fac-
tors, which is a limitation of this study. Despite these biases,
these validated multivariable predictive models were built
with clinical variables available for free at the time of
treatment initiation, and on the basis of a large international
cohort of more than 1,500 patients from several centers
from Australia, Europe, and the United States, and can be
used by any medical oncologist around the world.

In summary, this is the first study to generate predictive
clinical models and clinically useful nomograms using
routinely collected clinical factors available at consultation
to lead discussions with patients about prognosis and
possibly guide treatment selection between anti–PD-1
monotherapy or anti–PD-1 combined with IPI. An online
version of each nomogram is publicly available.51
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Michael Weichenthal, Peter Mohr, Ana M. Arance, Lisa Pickering, James
Larkin, Paul Lorigan, Dirk Schadendorf, Georgina V. Long, Serigne N. Lo,
Alexander M. Menzies
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT
The authors wish to thank the patients and families involved in this study,
as well as all staff at Melanoma Institute Australia, Vanderbilt University
Medical Center, MD Anderson Cancer Center, The Netherlands Cancer
Institute, The Christie NHS Foundation Trust, The Royal Marsden NHS
Foundation Trust, Hospital Clı́nic de Barcelona, University Hospital
Essen, Hannover Medical School, Saarland University Medical Center,
Helios Klinikum Erfurt, University Hospital Kiel, University Medical
Center Mannheim, University Hospital Lübeck, Elbe-Klinikum
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