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Therapeutic options for treating advanced melanoma are progressing rapidly. Although

anti-programmed cell death 1 (PD1) antibodies (e.g., nivolumab, pembrolizumab) have

been approved as first-line and anchor drugs, respectively, for treating advanced

melanoma, the efficacy appears limited as we expected, especially in Asian populations.

Biomarkers to predict or evaluate the efficacy of anti-PD1 antibodies are needed to

avoid subjecting patients to potentially severe adverse events associated with switching

to other anti-melanoma drugs. This review focuses on the recent development of

biomarkers for assessing the efficacy of anti-PD1 antibodies using routine blood tests

such as the neutrophil-to-lymphocyte ratio, eosinophil ratio, serum markers such

as lactate dehydrogenase, programmed cell death ligand 1 (PD-L1) expression on

melanoma cells, microsatellite instability and mismatch repair deficiency assays, as

well as soluble CD163, and tumor-associated macrophage-related chemokines (e.g.,

CXCL5, CXCL10).
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INTRODUCTION

Anti-programmed cell death 1 (PD-1) antibodies are in wide use for the treatment of various
cancers, particularly cancers with a high tumor mutation burden (TMB) such as advanced
cutaneous melanoma (1–4). Although BRAF inhibitors in combination with MEK inhibitors are
useful for the treatment of BRAFV600-mutant advanced melanoma, the population of BRAFV600-
mutant advanced melanoma is limited, particularly in the Japanese population, which contains
large populations with acral lentiginous melanoma and mucosal melanoma (5, 6). Most patients
with advanced melanoma are therefore administered nivolumab with or without ipilimumab, or
pembrolizumab as a first-line therapy.

Ipilimumab is a fully humanized immunoglobulin (Ig)G1 monoclonal antibody that blocks
cytotoxic T-lymphocyte antigen (CTLA-4) to activate and increase T cells, particularly the tumor-
recognized T-cell clones that reside in primary tumors (7, 8). Combination therapy comprising
nivolumab and ipilimumab or sequential administration of nivolumab and ipilimumab with a
planned switch are among the most effective chemotherapies against advanced melanoma (9–
11), and even increase the response rate (RR) for untreated metastasis of melanoma to the brain
compared to nivolumab monotherapy (12). On the other hand, the efficacy of ipilimumab in
patients with nivolumab-resistant melanoma is low after objective tumor progression compared
to planned-switched patients (13). In addition, ipilimumab leads to a high frequency of immune-
related adverse events (irAEs) among patients with advanced melanoma, particularly combination
therapy with nivolumab (9, 11). Taken together, evaluation of the efficacy of these treatments in
advance is important.
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This review focuses on the recent development of biomarkers
for assessing the efficacy of anti-PD1 antibodies using routine
blood tests such as the neutrophil-to-lymphocyte ratio,
eosinophil ratio, serum markers such as lactate dehydrogenase
(LDH), PD-L1 expression on melanoma cells, microsatellite
instability (MSI) and mismatch repair deficiency assays, as
well as soluble CD163, and tumor-associated macrophage
(TAM)-related chemokines (e.g., CXCL5, CXCL10) (Table 1).

SIGNIFICANCE OF ROUTINE BLOOD
TESTS FOR PREDICTING THE EFFICACY
OF ANTI-PD1 ANTIBODY

Leukocyte-to-Lymphocyte Ratio (LLR),
Neutrophil-to-Lymphocyte Ratio (NLR),
Monocyte Count, and Absolute
Lymphocyte Count (ALC)
Recent reports have suggested the significance of routine blood
tests, such as cell counts and cell ratios, for predicting the
efficacy of anti-PD1 antibodies against advanced melanomas
(14–18). Indeed, Fujisawa et al. reported that increased baseline
NLR combined with serum LDH was significantly correlated
with the efficacy rate of nivolumab according to multivariate
analysis, and negatively correlated with efficacy of nivolumab
for advanced melanoma (14). In another report, Chasseuil et al.
found that increased monocyte count was significantly associated
with decreased overall survival (OS) and progression-free
survival (PFS) in patients with advanced melanoma according
to multivariate analysis. In addition, they also reported that LLR
was significantly associated with decreased OS (15). In addition,
Rosner et al. reported that not only a low NLR, but also high
proportion of eosinophils, high proportion of basophils, low
absolute monocyte count and low LDH might be independently
associated with favorable OS (16). Since several previous reports
have also suggested that NLR is significantly correlated with the
efficacy of ipilimumab in the treatment of melanoma patients
(17, 18), baseline NLR could be one possible predictive marker
for immune checkpoint inhibitor (ICI)-treated patients with
advanced melanoma.

Lower ALC shows significantly less clinical benefit from anti-
PD1 antibody (19), which is associated with pretreatment NLR
in patients with head and neck squamous cell carcinoma. They
concluded that patients with pretreatment ALC <600 cells/µl
had shorter PFS than patients with pretreatment ALC ≥600
cells/µl. In another report, Soyano et al. retrospectively analyzed
157 patients with advanced non-small cell lung cancer (NSCLC)
treated with anti-PD1 antibodies using logistic regression
analysis, suggesting that a high baseline NLR correlated
significantly with increased risks of death and disease progression
(20). In addition, they also reported that a high baseline myeloid-
to-lymphoid cell ratio significantly increased the risk of death,
even after multivariate analysis [hazard ratio (HR) = 2.31, p
= 0.002]. Indeed, a meta-analysis of 14 retrospective studies
that had examined the benefits of nivolumab in patients with
NSCLC suggested an association of high NLR with poor PFS
and OS after nivolumab treatment (21). Moreover, they also

TABLE 1 | Highlighted papers in each chapter.

Interest Considerable

interest

Routine blood test 14, 21, 25 23

PD-L1 expression 31 32

MSI and TMB 40, 43 3, 39

TAMs related

factors

24, 50 48

reported that post-treatment NLR acted as a predictor of PFS
and OS. Overall, these reports have suggested that baseline
routine blood tests are important for predicting the efficacy of
ICI (Table 2).

Clinical Use of LDH
Generally, large baseline tumor size in parallel with increased
levels of LDH correlates with poor prognosis in advanced
melanoma patients (25). Diem et al. first reported the benefit of
measuring serum LDH in 66 patients with advanced melanoma
treated using anti-PD1 antibody (22). Indeed, patients with
elevated baseline LDH showed significantly shorter OS compared
to patients with normal LDH. Moreover, they suggested serum
LDH as a useful marker during treatment for predicting both
early response of anti-PD1 antibody and progressive disease (22).

ECOG performance status (PS) and elevated LDH were
reported as independent variables significantly associated
with poor OS (26). More recently, Wagner et al. reported
serum LDH levels and S100B among the early prognostic
markers for response and OS in advanced melanoma patients
treated with ICI (27). They concluded that, compared with
patients showing normal LDH, increased serum LDH
(>25%) was significantly associated with impaired OS
when co-existing with increased serum levels of S100B
(27). Increased LDH correlated with the poor prognostic
factors of not only cutaneous melanoma, but also uveal
melanoma, which possesses a high potential for rapid
metastasis (28), and NSCLC (29). Since anti-PD1 antibody
applies to various cancers, including gastric cancer, renal cell
carcinoma, and Hodgkin lymphoma, measurement of LDH
might offer a useful, standard marker for patients treated
using ICI.

EXPRESSION LEVELS OF PD-L1

In cutaneous melanoma, both tumor cells and TAMs express
PD-L1, leading to the maintenance of an immunosuppressive
microenvironment at tumor sites (30, 31). Hino et al. first
reported PD-L1 expression on melanoma cells as an independent
prognostic factor that correlates with vertical invasion of
melanoma cells (31). Accordingly, many studies have suggested
that PD-L1 expression on melanoma cells can represent a
biomarker for predicting the efficacy of anti-PD1 antibodies (32,
33), and even other ICIs (34). For example, PD-L1 expression on
melanoma cells in pretreatment tumor biopsy samples correlated
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TABLE 2 | Summary of biomarkers and their efficacy.

Treatment Patients

number

Subpopulation Outcome Marker Result (95% Cl)

RR = 14%

p-value References

Nivolumab n = 90 LDH (upper

normal limit)

RR NLR > 2.2

NLR < 2.2

RR=14%

RR=57%

<0.05 (14)

LDH normal RR NLR > 2.2

NLR < 2.2

RR=37%

RR=67%

<0.001

Nivolumab n = 87 OS Monocyte count (upper

normal limit)

HR = 4.31 (1.46–12.74) 0.01 (15)

PFS Monocyte count (upper

normal limit)

HR = 3.5 (1.01–12.1) 0.04

Nivolumab +

lpllimumab

n = 209 OS
NLR

Eosinophils

Basophils

Absolute monocyte

LDH (246<)

HR = 1.95 (111–3.47)

HR = 2.38 (1.27–4.46)

HR = 1.86 (0.94–3.66)

HR = 2.75 (1.30–5.80)

HR = 3.71(2.08–6.61)

0.02

0.007

0.08

0.01

<0.0001

(16)

Lpllimumab n = 183 OS Baseline NLR

NLR (end of treatement)

HR = 1.06 (1.01–1.10)

HR = 1.06 (1.02–1.09)

0.016

<0.001

(17)

Lpllimumab n = 720 OS

PFS

ANC

ANC

HR = 3.38 (2.62–4.36)

HR = 2.52 (1.97–3.21)

<0.0001

<0.0001

(18)

Anti-PD1 antibody n = 66 OS LDH elevated

LDH normal

4.3 months

15,7 months

<0.00623 (22)

Nivolumab n = 210 RR PD-L1 positive

PD-L1 negative

52.7% (40.8–64.3)

33.1% (25.2–41.7)

(23)

Nivolumab n = 59 RR Increased Scd163 Sensitivity 84.6% Specificity

87.0%

<0.0030 (24)

ANC, absolute neutrophilcount; HR, hazzard ratio; NLR, neutrophilto lymphocyte ratio; OS, overall survival; PFS, progress free survival; RR, response rate; UNL, under normal limit.

with RR, PFS, and OS in advanced melanoma patients treated
using anti-PD1 antibodies (33). In another report, expression
of PD-L1 correlated with 24-month survival rate in patients
with advanced melanoma treated with pembrolizumab (32).
Indeed, median PFS in patients with PD-L1 positive melanoma
cells was 6.6 months (95% confidence interval (CI), 4.2–9.7
months), while median PFS in patients with PD-L1-negative
melanoma cells was 2.8 months (95%CI, 2.8-3.7 months) (32).
On the other hand, Hodi et al. reported that assessment of the
expression of PD-L1 alone offers a poor predictor of OS in
patients treated with nivolumab or nivolumab in combination
with ipilimumab (CheckMate 067) (34). Notably, even in PD-
L1-negative or -intermediate expressing groups, the RR is
still high (33.1%; 95%CI, 25.2-41.7%), suggesting that PD-L1
expression might represent an independent prognostic factor
(35). Although those reports suggested the clinical benefits of
assessing PD-L1 expression on melanoma cells in predicting
the clinical outcomes of ICI treatment, the clinical utility in
the real world is limited because of the low sensitivity of
immunohistochemical (IHC) assays using different antibody
clones, staining platforms and scoring systems in each institute
(32–36). To avoid misprediction by IHC staining, more recently,
Conroy et al. tried to assess the expression of PD-L1 using
next-generation RNA sequencing, but the sensitivity of their
system resembles that of IHC assay systems (36). In future,
additional assays will be needed to improve the sensitivity of
PD-L1 analysis in the prediction of clinical outcomes for ICI
treatment of melanoma.

MSI AND TMB

The high RR to anti-PD1 antibodies for cancers with high
frequency of MSI has been highlighted in many recent clinical
studies (37, 38). Among cancer species, colorectal cancer and
endometrial cancer possess a high frequency of MSI (approx.
20∼33%) (38, 39), leading to the results of clinical studies
that have presented significantly improved RR, PFS and OS
in patients with mismatch-repair deficient colorectal cancers
compared to those of mismatch repair-proficient colorectal
cancers (37–39). Recent reports have also suggested that high
infiltration of T-helper 1 (Th1) cells and cytotoxic T lymphocytes
(CTLs) produce substantial amounts of interferon gamma
(IFNγ), leading to increased expression of PD-L1 in tumors
with a high frequency of MSI (37, 40). As described above,
since high expression of PD-L1 can provide a biomarker for
predicting the efficacy of anti-PD1 antibodies, a high frequency
of MSI could correlate with RR, PFS and OS following use of
anti-PD1 antibodies.

High TMB correlated with increased neoantigens in various
cancers, and could provide predictors for the efficacy of ICI
treatment (1, 2, 41). For example, cutaneous squamous cell
carcinoma (cSCC) possesses a high TMB (50 mutations per
megabase DNA pairs) (42), leading to a high RR for cemiplimab
[47% (95%CI, 34–61%)] (43). In addition, since an ultraviolet
(UV) damage subclass of SCC and sebaceous carcinoma harbors
a high somatic mutation burden with >50 mutations per
megabase, UV damage signatures in TMB in these skin cancers
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could be predictive biomarkers for ICI treatment (44, 45).
In melanoma, Madore et al. reported that a lower non-
synonymous mutation burden correlated with negative results
for PD-L1 expression on melanoma cells, and significantly
worse melanoma-specific survival in stage III melanoma (HR =

0.28; 95%CI, 0.12-0.66; P = 0.002) (3). In addition, significant
increases in the gene expression signatures of cytotoxic T-cell
(CTL) and macrophage-specific genes were seen in PD-L1-
positive melanomas, correlating with better melanoma-specific
survival (HR = 0.2; 95%CI, 0.05-0.87; P = 0.017). Taken
together, those reports might suggest the significance of assessing
TMB before the administration of ICIs, especially anti-PD1
antibodies, although further studies are needed to confirm
its effectiveness.

PILOT STUDY FOR PREDICTABLE
BIOMARKERS: TAM-RELATED FACTORS
(SCD163, CXCL5)

TAMs are functionally reprogrammed to polarized phenotypes
by exposure to various factors, leading to the maintenance
of a tumor microenvironment (30). Expression of PD-L1 on
TAMs is modified by both stromal factors such as regulatory T
cells (Tregs) and exogenous factors including immune therapies
(46). For example, in a mouse melanoma model (ret, B16
melanoma), depletion of Tregs decreased PD-L1, B7H3, and
B7H4 expression on TAMs in vivo (46). In patients with
esophageal carcinoma, a high density of CD163+ TAMs, which
is also associated with significantly increased PD-L1 expression
(47), was associated with significantly worse OS than a low
density (log-rank P = 0.0025) (47). That report suggested that
a high density of PD-L1-expressing CD163+ TAMs could offer a
prognostic biomarker for esophageal carcinoma (47). Since PD-
L1 on tumor cells could be one prognostic factor for melanoma
patients treated with ICIs (as described in Chapter 3), TAM-
related factors could offer biomarkers for predicting the efficacy
of ICI.

TAMs in melanoma patients express not only PD-L1,
but also PD-1 (48). Because PD-1 expression in TAMs is
one of the key factors in M2 macrophage polarization (49),
administration of an anti-PD1 antibody might repolarize TAMs,
leading to TAM activation in melanoma patients. Notably,
the main population of TAMs in skin cancer is CD163+ M2
macrophages, with soluble (s)CD163 as the activation marker
(14). This means that CD163 activated with PD1 antibody
should release sCD163, suggesting its utility as a prognostic
marker for anti-PD1 antibody treatment. Indeed, serum levels
of sCD163 were significantly increased in responders compared
to non-responders 6 weeks after initial administration of

nivolumab for cutaneous melanoma (84.6% sensitivity, 87.0%
specificity; p = 0.0030) (24). Moreover, absolute serum levels
of sCD163 after 6 weeks were significantly increased in
patients treated with nivolumab who developed irAEs (p =

0.0018) (49). Those reports suggested that serum sCD163 could
offer a predictive marker for the efficacy and irAEs of anti-
PD1 antibodies.

In addition to sCD163, TAM-related chemokines could
provide another group of prognostic markers for the outcomes
of anti-PD1 antibody treatment (50). For example, CXCL5 is
a chemokine that can recruit neutrophils, CXCR2+ myeloid-
derived suppressor cells (MDSCs) and CXCR2+ monocytes. As
we previously reported, production of CXCL5 from TAMs is
increased by stimulation with periostin (51), which is detected
in the stroma of cutaneous melanomas (23, 49). As we
previously reported, baseline serum CXCL5 is associated with the
efficacy of nivolumab in advanced melanoma (50) and increased
serum levels of CXCL5 correlated significantly with irAEs from
nivolumab (49). Unlike CXCL5, baseline serum concentrations
of CXCL10 and CCL22 have not shown any correlations with
the efficacy of nivolumab against advanced melanoma (50).
These data suggested that TAM-related chemokines could further
improve the predictive value of sCD163 systems in the future.

Although combination therapy with nivolumab and
ipilimumab is recommended by the NCCN guideline for
cutaneous melanoma as a first-line therapy (52), as described
above, this combination therapy leads to a high frequency of
SAEs among patients with advanced melanoma (9, 11). In
the future, the evaluation of serum sCD163 as well as several
TAM-related chemokines will undoubtedly play an important
role in avoiding the administration of ipilimumab for patients
who respond to anti-PD1 antibodies.

CONCLUDING REMARKS

Although several studies have suggested useful predictive
markers for the efficacy and irAEs of ICIs, exact methods
to determine predictive markers remain under investigation.
Further studies are needed to improve the systems for predicting
the efficacy of ICI treatment.

AUTHOR CONTRIBUTIONS

YK, TF, and TH wrote manuscript. SA supervise the manuscript.

FUNDING

This study was supported in part by the Japan Agency
for Medical Research and Development (18lm0203062h0201)
(19cm0106434h0002).

REFERENCES

1. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK,

et al. Mismatch repair deficiency predicts response of solid tumors

to PD-1 blockade. Science. (2017) 357:409–13. doi: 10.1126/science.

aan6733

2. Riaz N, Havel JJ, Makarov V, Desrichard A, UrbaWJ, Sims JS, et al. Tumor and

microenvironment evolution during immunotherapy with Nivolumab. Cell.

(2017) 171:934–49. doi: 10.1016/j.cell.2017.09.028

3. Madore J, Strbenac D, Vilain R, Menzies AM, Yang JY, Thompson

JF, et al. PD-L1 negative status is associated with lower mutation

burden, differential expression of immune-related genes, and worse

Frontiers in Medicine | www.frontiersin.org 4 July 2019 | Volume 6 | Article 174

https://doi.org/10.1126/science.aan6733
https://doi.org/10.1016/j.cell.2017.09.028
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Kambayashi et al. Biomarkers for Anti-PD1 Antibodies

survival in stage III Melanoma. Clin Cancer Res. (2016) 22:3915–23.

doi: 10.1158/1078-0432.CCR-15-1714

4. McGranahanN, Furness AJ, Rosenthal R, Ramskov S, Lyngaa R, Saini SK, et al.

Clonal neoantigens elicit T cell immunoreactivity and sensitivity to immune

checkpoint blockade. Science. (2016) 351:1463–9. doi: 10.1126/science.aaf1490

5. Fujimura T, Hidaka T, Kambayashi Y, Aiba S. BRAF kinase inhibitors

for the treatment of melanoma: developments from early stage animal

studies to phase II clinical trials. Exp Opin Invest Drugs. (2019) 28:143–8.

doi: 10.1080/13543784.2019.1558442

6. Hayward NK, Wilmott JS, Waddell N, Johansson PA, Field MA, Nones K,

et al. Whole-genome landscapes of major melanoma subtypes. Nature. (2017)

545:175–80. doi: 10.1038/nature22071

7. Blank CU, Rozeman EA, Fanchi LF, Sikorska K, van de Wiel B, Kvistborg

P, et al. Neoadjuvant versus adjuvant ipilimumab plus nivolumab

in macroscopic stage III melanoma. Nat Med. (2018) 24:1655–61.

doi: 10.1038/s41591-018-0198-0

8. Callahan MK, Wolchok JD, Allison JP. Anti-CTLA-4 antibody therapy:

immune monitoring during clinical development of a novel immunotherapy.

Semin Oncol. (2010) 37:473–84. doi: 10.1053/j.seminoncol.2010.09.001

9. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD,

et al. Combined nivolumab and ipilimumab or monotherapy in untreated

melanoma. N Engl J Med. (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

10. Weber JS, Gibney G, Sullivan RJ, Sosman JA, Slingluff CL Jr, Lawrence

DP, et al. Sequential administration of nivolumab and ipilimumab with

a planned switch in patients with advanced melanoma (CheckMate 064):

an open-label, randomised, phase 2 trial. Lancet Oncol. (2016) 17:943–55.

doi: 10.1016/S1470-2045(16)30126-7

11. Tawbi HA, Forsyth PA, Algazi A, Hamid O, Hodi FS, Moschos SJ, et al.

Combined nivolumab and ipilimumab in melanoma metastatic to the brain.

N Engl J Med. (2018) 379:722–30. doi: 10.1056/NEJMoa1805453

12. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL,

et al. Overall survival with combined nivolumab and ipilimumab in advanced

melanoma. N Engl J Med. (2017) 377:1345–56. doi: 10.1056/NEJMoa1

709684

13. Fujisawa Y, Yoshino K, Otsuka A, Funakoshi T, Fujimura T, Yamamoto Y, et al.

Retrospective study of advanced melanoma patients treated with ipilimumab

after nivolumab: analysis of 60 Japanese patients. J Dermatol Sci. (2018)

89:60–6. doi: 10.1016/j.jdermsci.2017.10.009

14. Fujisawa Y, Yoshino K, Otsuka A, Funakoshi T, Fujimura T, Yamamoto Y,

et al. Baseline neutrophil to lymphocyte ratio combined with serum lactate

dehydrogenase level associated with outcome of nivolumab immunotherapy

in a Japanese advanced melanoma population. Br J Dermatol. (2018) 179:213–

5. doi: 10.1111/bjd.16427

15. Chasseuil E, Saint-Jean M, Chasseuil H, Peuvrel L, Quéreux G, Nguyen JM,

et al. Blood predictive biomarkers for nivolumab in advanced melanoma.Acta

Derm Venereol. (2018) 98:406–10. doi: 10.2340/00015555-2872

16. Rosner S, Kwong E, Shoushtari AN, Friedman CF, Betof AS, Brady

MS, et al. Peripheral blood clinical laboratory variables associated with

outcomes following combination nivolumab and ipilimumab immunotherapy

in melanoma. Cancer Med. (2018) 7:690–7. doi: 10.1002/cam4.1356

17. Khoja L, Atenafu EG, Templeton A, Qye Y, Chappell MA, Saibil S, et al.

The full blood count as a biomarker of outcome and toxicity in ipilimumab-

treated cutaneous metastatic melanoma. Cancer Med. (2016) 5:2792–9.

doi: 10.1002/cam4.878

18. Ferrucci PF, Ascierto PA, Pigozzo J, Del Vecchio M, Maio M,

Antonini Cappellini GC, et al. Baseline neutrophils and derived

neutrophil-to-lymphocyte ratio: prognostic relevance in metastatic

melanoma patients receiving ipilimumab. Ann Oncol. (2016) 27:732–8.

doi: 10.1093/annonc/mdw016

19. Ho WJ, Yarchoan M, Hopkins A, Mehra R, Grossman S, Kang H. Association

between pretreatment lymphocyte count and response to PD1 inhibitors in

head and neck squamous cell carcinomas. J Immunother Cancer. (2018) 6:84.

doi: 10.1186/s40425-018-0395-x

20. Soyano AE, Dholaria B, Marin-Acevedo JA, Diehl N, Hodge D, Luo

Y, et al. Peripheral blood biomarkers correlate with outcomes in

advanced non-small cell lung Cancer patients treated with anti-PD-1

antibodies. J Immunother Cancer. (2018) 6:129. doi: 10.1186/s40425-018-

0447-2

21. Cao D, Xu H, Xu X, Guo T, Ge W. A reliable and feasible way to predict the

benefits of Nivolumab in patients with non-small cell lung cancer: a pooled

analysis of 14 retrospective studies. Oncoimmunology. (2018) 7:e1507262.

doi: 10.1080/2162402X.2018.1507262

22. Diem S, Kasenda B, Spain L, Martin-Liberal J, Marconcini R, Gore M, et al.

Serum lactate dehydrogenase as an early marker for outcome in patients

treated with anti-PD-1 therapy in metastatic melanoma. Br J Cancer. (2016)

114:256–61. doi: 10.1038/bjc.2015.467

23. Fukuda K, Sugihara E, Ohta S, Izuhara K, Funakoshi T, Amagai M, et al.

Periostin is a key niche component for wound metastasis of melanoma. PLoS

ONE. (2015) 10:e0129704. doi: 10.1371/journal.pone.0129704

24. Fujimura T, Sato Y, Tanita K, Kambayashi Y, Otsuka A, Fujisawa Y, et al.

Serum level of soluble CD163 may be a predictive marker of the effectiveness

of nivolumab in patients with advanced cutaneous melanoma. Front Oncol.

(2018) 8:530. doi: 10.3389/fonc.2018.00530

25. Warner AB, Postow MA. bigger is not always better: tumor size and

prognosis in advanced Melanoma. Clin Cancer Res. (2018) 24:4915–7.

doi: 10.1158/1078-0432.CCR-18-1311

26. Nakamura Y, Kitano S, Takahashi A, Tsutsumida A, Namikawa K, Tanese K,

et al. Nivolumab for advanced melanoma: pretreatment prognostic factors

and early outcome markers during therapy. Oncotarget. (2016) 7:77404–15.

doi: 10.18632/oncotarget.12677

27. Wagner NB, Forschner A, Leiter U, Garbe C, Eigentler TK. S100B and LDH

as early prognostic markers for response and overall survival in melanoma

patients treated with anti-PD-1 or combined anti-PD-1 plus anti-CTLA-4

antibodies. Br J Cancer. (2018) 119:339–46. doi: 10.1038/s41416-018-0167-x

28. Heppt MV, Heinzerling L, Kähler KC, Forschner A, Kirchberger MC,

Loquai C, et al. Prognostic factors and outcomes in metastatic uveal

melanoma treated with programmed cell death-1 or combined PD-

1/cytotoxic T-lymphocyte antigen-4 inhibition. Eur J Cancer. (2017) 82:56–65.

doi: 10.1016/j.ejca.2017.05.038

29. Taniguchi Y, Tamiya A, Isa SI, Nakahama K, Okishio K, Shiroyama T, et al.

Predictive factors for poor progression-free survival in patients with non-

small cell lung cancer treated with nivolumab.Anticancer Res. (2017) 37:5857–

62. doi: 10.21873/anticanres.12030

30. Fujimura T, Kambayashi Y, Fujisawa Y, Hidaka T, Aiba S. Tumor-associated

macrophages: therapeutic targets for skin cancer. Front Oncol. (2018) 8:3.

doi: 10.3389/fonc.2018.00003

31. Hino R, Kabashima K, Kato Y, Yagi H, Nakamura M, Honjo T, et al. Tumor

cell expression of programmed cell death-1 ligand 1 is a prognostic factor for

malignant melanoma. Cancer. (2010) 116:1757–66. doi: 10.1002/cncr.24899

32. Carlino MS, Long GV, Schadendorf D, Robert C, Ribas A, Richtig E, et al.

Outcomes by line of therapy and programmed death ligand 1 expression in

patients with advancedmelanoma treated with pembrolizumab or ipilimumab

in KEYNOTE-006: a randomised clinical trial. Eur J Cancer. (2018) 101:236–

43. doi: 10.1016/j.ejca.2018.06.034

33. Daud AI, Wolchok JD, Robert C, Hwu WJ, Weber JS, Ribas A, et al.

Programmed death-ligand 1 expression and response to the anti-programmed

death 1 antibody pembrolizumab in melanoma. J Clin Oncol. (2016) 34:4102–

9. doi: 10.1200/JCO.2016.67.2477

34. Hodi FS, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Cowey CL,

et al. Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab

alone in advanced melanoma (CheckMate 067): 4-year outcomes of a

multicentre, randomised, phase 3 trial. Lancet Oncol. (2018) 19:1480–92.

doi: 10.1016/S1470-2045(18)30700-9

35. Robert C, Long GV, Brady B, Dutriaux C, MaioM,Mortier L, et al. Nivolumab

in previously untreated melanoma without BRAF mutation. N Engl J Med.

(2015) 372:320–30. doi: 10.1056/NEJMoa1412082

36. Conroy JM, Pabla S, Nesline MK, Glenn ST, Papanicolau-Sengos A, Burgher

B, et al. Next generation sequencing of PD-L1 for predicting response

to immune checkpoint inhibitors. J Immunother Cancer. (2019) 7:18.

doi: 10.1186/s40425-018-0489-5

37. Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite Instability as

a Biomarker for PD-1 Blockade. Clin Cancer Res. (2016) 22:813–20.

doi: 10.1158/1078-0432.CCR-15-1678

38. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-

1 Blockade in tumors with mismatch-repair deficiency. N Engl J Med. (2015)

372:2509–20. doi: 10.1056/NEJMoa1500596

Frontiers in Medicine | www.frontiersin.org 5 July 2019 | Volume 6 | Article 174

https://doi.org/10.1158/1078-0432.CCR-15-1714
https://doi.org/10.1126/science.aaf1490
https://doi.org/10.1080/13543784.2019.1558442
https://doi.org/10.1038/nature22071
https://doi.org/10.1038/s41591-018-0198-0
https://doi.org/10.1053/j.seminoncol.2010.09.001
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1016/S1470-2045(16)30126-7
https://doi.org/10.1056/NEJMoa1805453
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1016/j.jdermsci.2017.10.009
https://doi.org/10.1111/bjd.16427
https://doi.org/10.2340/00015555-2872
https://doi.org/10.1002/cam4.1356
https://doi.org/10.1002/cam4.878
https://doi.org/10.1093/annonc/mdw016
https://doi.org/10.1186/s40425-018-0395-x
https://doi.org/10.1186/s40425-018-0447-2
https://doi.org/10.1080/2162402X.2018.1507262
https://doi.org/10.1038/bjc.2015.467
https://doi.org/10.1371/journal.pone.0129704
https://doi.org/10.3389/fonc.2018.00530
https://doi.org/10.1158/1078-0432.CCR-18-1311
https://doi.org/10.18632/oncotarget.12677
https://doi.org/10.1038/s41416-018-0167-x
https://doi.org/10.1016/j.ejca.2017.05.038
https://doi.org/10.21873/anticanres.12030
https://doi.org/10.3389/fonc.2018.00003
https://doi.org/10.1002/cncr.24899
https://doi.org/10.1016/j.ejca.2018.06.034
https://doi.org/10.1200/JCO.2016.67.2477
https://doi.org/10.1016/S1470-2045(18)30700-9
https://doi.org/10.1056/NEJMoa1412082
https://doi.org/10.1186/s40425-018-0489-5
https://doi.org/10.1158/1078-0432.CCR-15-1678
https://doi.org/10.1056/NEJMoa1500596
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Kambayashi et al. Biomarkers for Anti-PD1 Antibodies

39. Zighelboim I, Goodfellow PJ, Gao F, Gibb RK, Powell MA, Rader JS, et al.

Microsatellite instability and epigenetic inactivation of MLH1 and outcome of

patients with endometrial carcinomas of the endometrioid type. J Clin Oncol.

(2007) 25:2042–8. doi: 10.1200/JCO.2006.08.2107

40. Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM, Taube JM, et al.

The vigorous immune microenvironment of microsatellite instable colon

cancer is balanced by multiple counter-inhibitory checkpoints. Cancer Discov.

(2015) 5:43–51. doi: 10.1158/2159-8290.CD-14-0863

41. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R,

Janjigian YY, et al. Tumor mutational load predicts survival after

immunotherapy across multiple cancer types. Nat Genet. (2019) 51:202–6.

doi: 10.1038/s41588-018-0312-8

42. Inman GJ, Wang J, Nagano A, Alexandrov LB, Purdie KJ, Taylor RG,

et al. The genomic landscape of cutaneous SCC reveals drivers and a novel

azathioprine associated mutational signature. Nat Commun. (2018) 9:3667.

doi: 10.1038/s41467-018-06027-1

43. Migden MR, Rischin D, Schmults CD, Guminski A, Hauschild A, Lewis KD,

et al. PD-1 blockade with cemiplimab in advanced cutaneous squamous-

cell carcinoma. N Engl J Med. (2018) 379:341–51. doi: 10.1056/NEJMoa18

05131

44. Chan JW, Yeh I, El-Sayed IH, Algazi AP, Glastonbury CM, Ha PK,

et al. Ultraviolet light-related DNA damage mutation signature distinguishes

cutaneous from mucosal or other origin for head and neck squamous

cell carcinoma of unknown primary site. Head Neck. (2019). 41, E82–5.

doi: 10.1002/hed.25613

45. North JP, Golovato J, Vaske CJ, Sanborn JZ, Nguyen A, Wu W, et al. Cell

of origin and mutation pattern define three clinically distinct classes of

sebaceous carcinoma. Nat Commun. (2018) 9:1894. doi: 10.1038/s41467-018-

04008-y

46. Fujimura T, Ring S, Umansky V,Mahnke K, Enk AH. Regulatory T cells (Treg)

stimulate B7-H1 expression in myeloid derived suppressor cells (MDSC)

in ret melanomas. J Invest Dermatol. (2012) 132:1239–46. doi: 10.1038/jid.

2011.416

47. Yagi T, Baba Y, Okadome K, Kiyozumi Y, Hiyoshi Y, Ishimoto T, et al. Tumour-

associated macrophages are associated with poor prognosis and programmed

death ligand 1 expression in oesophageal cancer. Eur J Cancer. (2019) 111:38–

49. doi: 10.1016/j.ejca.2019.01.018

48. Gordon SR, Maute RL, Dulken BW, Hutter G, George BM, McCracken

MN, et al. PD-1 expression by tumour-associated macrophages

inhibits phagocytosis and tumour immunity. Nature. (2017) 545:495–9.

doi: 10.1038/nature22396

49. Fujimura T, Sato Y, Tanita K, Kambayashi Y, Otsuka A, Fujisawa Y, et al.

Serum levels of soluble CD163 and CXCL5 may be predictive markers

for immune-related adverse events in patients with advanced melanoma

treated with nivolumab: a pilot study. Oncotarget. (2018) 9:15542–51.

doi: 10.18632/oncotarget.24509

50. Fujimura T, Sato Y, Tanita K, Lyu C, Kambayash Y, Amagai R, et al. Association

of baseline serum levels of CXCL5 with the efficacy of nivolumab in advanced

melanoma. Front Med. (2019) 6:86. doi: 10.3389/fmed.2019.00086

51. Furudate S, Fujimura T, Kakizaki A, Kambayashi Y, Asano M, Watabe

A, et al. The possible interaction between periostin expressed by

cancer stroma and tumor-associated macrophages in developing

mycosis fungoides. Exp Dermatol. (2016) 25:107–12. doi: 10.1111/

exd.12873

52. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines R©)

Melanoma Version 2.Available online at: https://www.nccn.org/professionals/

physician_gls/pdf/cutaneous_melanoma.pdf. In. 2019 (accessed March 12,

2019).

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Kambayashi, Fujimura, Hidaka and Aiba. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 6 July 2019 | Volume 6 | Article 174

https://doi.org/10.1200/JCO.2006.08.2107
https://doi.org/10.1158/2159-8290.CD-14-0863
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1038/s41467-018-06027-1
https://doi.org/10.1056/NEJMoa1805131
https://doi.org/10.1002/hed.25613
https://doi.org/10.1038/s41467-018-04008-y
https://doi.org/10.1038/jid.2011.416
https://doi.org/10.1016/j.ejca.2019.01.018
https://doi.org/10.1038/nature22396
https://doi.org/10.18632/oncotarget.24509
https://doi.org/10.3389/fmed.2019.00086
https://doi.org/10.1111/exd.12873
https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Biomarkers for Predicting Efficacies of Anti-PD1 Antibodies
	Introduction
	Significance of Routine Blood Tests for Predicting the Efficacy of Anti-Pd1 Antibody
	Leukocyte-to-Lymphocyte Ratio (LLR), Neutrophil-to-Lymphocyte Ratio (NLR), Monocyte Count, and Absolute Lymphocyte Count (ALC)
	Clinical Use of LDH

	Expression Levels of PD-L1
	MSI and TMB
	Pilot Study for Predictable Biomarkers: TAM-Related Factors (sCD163, CXCL5)
	Concluding Remarks
	Author Contributions
	Funding
	References


