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ABSTRACT

Background. Anti-programmed cell death 1 antibody is a
standard therapy for advanced non-small cell lung cancer
(NSCLC). However, immune-related adverse events (irAEs),
such as skin reactions, are frequently observed. Although
skin reactions are associated with clinical efficacy in mela-
noma, this association in advanced NSCLC and predictors of
irAEs remain unclear. Accordingly, this study identified poten-
tial correlations of skin reactions with clinical efficacy and
clinical predictors of development of skin reactions.
Subjects, Materials, and Methods. We retrospectively sur-
veyed patients with advanced NSCLC who received nivolumab
or pembrolizumab monotherapy at Sendai Kousei Hospital
(n = 155) during January 2016 to April 2018. Treatment effi-
cacy was evaluated in patients with and without skin reactions,
and associated predictive markers were determined. A 6-week
landmark analysis was conducted to assess the clinical benefit
of early skin reactions.

Results. Skin reactions were observed in 51 patients with a
median time to onset of 6.4 weeks. The overall response rate
(ORR) was significantly higher in patients with skin reactions
(57% vs. 19%, p < .001). Median progression-free survival
(PFS) durations of 12.9 and 3.5 months and overall survival
durations of not reached and 11.4 months were observed in
patients with and without skin reactions, respectively. In the
6-week landmark analysis, the ORR was significantly higher
in patients with skin reactions, and skin reactions were signif-
icantly associated with increased PFS. A multivariate analysis
identified pre-existing rheumatoid factor (RF) as an indepen-
dent predictor of skin reactions.
Conclusion. Skin reactions appeared beneficial in patients
treated with nivolumab/pembrolizumab for advanced NSCLC
and could be predicted by pre-existing RF. Further large-scale
validations studies are warranted. The Oncologist 2020;25:
e536–e544

Implications for Practice: This single-institutional medical record review that included 155 patients with advanced non-
small cell lung cancer who were treated with nivolumab or pembrolizumab monotherapy revealed that overall response
rate and progression-free survival were significantly better in patients with skin reactions. Pre-existing rheumatoid factor
was an independent predictor of skin reactions.

INTRODUCTION

Programmed cell death 1 (PD-1) and programmed cell
death ligand 1 (PD-L1) inhibitors, administered alone or in
combination, have demonstrated clear survival benefits rel-
ative to standard chemotherapy in both treatment-naïve
and previously treated patients with advanced non-small
cell lung cancer (NSCLC) [1–7]. Accordingly, nivolumab and

pembrolizumab have become the new treatments of choice
for advanced NSCLC.

However, T-cell activation may cause immune-related
adverse events (irAEs), including skin reactions, thyroid dys-
function, pneumonitis, and hepatitis [8], that are not trig-
gered by conventional cytotoxic anticancer agents and may
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require systemic immunosuppression or treatment termina-
tion [9]. We recently reported that the development of irAEs
is also associated with clinical efficacy of nivolumab [10].

Skin reactions are one of the representative irAEs of PD-1
therapy. In melanoma, some studies have reported that skin
reactions are associated with clinical efficacy; however, little
is known about this association in NSCLC [11]. Additionally,
immune-related pruritus is a frequent adverse event among
patients with cancer that is associated with lower quality of
life (QOL) [12]. Therefore, it is important to identify the pre-
dictors of skin reactions.

We investigated the association between the develop-
ment of skin reactions and clinical benefit, and the predic-
tive markers of skin reaction in patients with advanced
NSCLC who were treated with nivolumab or pembrolizumab
monotherapy.

SUBJECTS, MATERIALS, AND METHODS

Patients
The medical records of patients with advanced NSCLC
who received nivolumab (3 mg/kg every 2 weeks) or
pembrolizumab (200 mg every 3 weeks) monotherapy at
Sendai Kousei Hospital between January 2016 and April 2018
were reviewed retrospectively. Treatment was provided until
disease progression, unacceptable toxicity, or consent with-
drawal. All patients were followed until death, loss of con-
tact, or consent withdrawal.

Assessment
Progression-free survival (PFS) was defined as the interval
from the date of treatment initiation to that of documented
disease progression or death from any cause, whereas overall
survival (OS) was defined as the interval from the date of
treatment initiation to that of death from any cause. Tumor
responses to nivolumab or pembrolizumab monotherapy
were assessed objectively by two pulmonary physicians (an
attending physician and an investigator) via computed
tomography scans every 8–9 weeks, according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [13].
The attending physician and a nurse specialist also performed
physical examinations and assessed the irAEs, defined as
adverse events with potential immunological etiologies that
required potential intervention with immunosuppressive or
endocrine therapy, every 2–3 weeks throughout the course
of treatment [1, 5, 6, 14, 15]. The clinical severity of each irAE
was graded according to the Common Terminology Criteria
for Adverse Events, version 4.0.

All types of skin problems were considered skin reac-
tions, such as pruritus, rash, erythema, and vitiligo. If the
patients developed skin reactions and were judged by their
attending physician to require specialized treatment, they
also received a physical examination and treatment by the
dermatologist.

Blood samples drawn at screening were tested for pre-
existing rheumatoid factor (RF), antinuclear antibody (ANA),
antithyroglobulin, and antithyroid peroxidase, using a cutoff
of 15 IU/mL for RF and 1:40 for ANA, as previously reported
[16, 17]. A patient was considered to have pre-existing

antithyroid antibodies if either antithyroglobulin or antithy-
roid peroxidase was present.

The patients were categorized into two groups comprising
those with or without skin reactions. Both groups were evalu-
ated with respect to the objective response rate (ORR), dis-
ease control rate (DCR), PFS, and OS. To account for lead-time
bias due to the time-dependent development of skin

Table 1. Patient characteristics at baseline (n = 155)

Characteristics Valuea

Age, years 68 [31–88]

Sex (male) 117 (75%)

ECOG PS at time of nivolumab/pembrolizumab monotherapyb

0 89 (57)

1 62 (40)

2 4 (3)

Smoking

Current or past smoker 128 (83)

Never smoked 27 (17)

Pathological subtype

Squamous cell carcinoma 55 (35)

Nonsquamous NSCLC 100 (65)

Mutated EGFR 17 (11)

Nivolumab/pembrolizumab monotherapy 109/46

Prior chemotherapy regimens

0 22 (14)

1 69 (45)

2 30 (19)

≥3 34 (22)

PD-L1 expression

TPS ≥ 50% (strong positive) 33 (21)

1% ≤ TPS < 50% (weak positive) 35 (23)

<TPS 1% (negative) 22 (14)

TPS unknown 65 (42)

Pre-existing autoimmunity markers

Rheumatoid factorc 42 (27)

Antinuclear antibodyd 51 (33)

Antithyroid antibodye 28 (18)

Development of skin reaction 51 (33)

Development of severe skin reaction (grade ≥3) 3 (2)

Development of skin reaction within 6 weeks 25 (16)

Onset of skin reaction, weeks 6.4 [1–40.0]
aMedian [range] or n (%).
bScores range from 0 to 4, with high numbers indicating high
disability.
cA patient was considered positive if rheumatoid factor was >15 IU/mL
at pretreatment.
dA patient was considered positive if antinuclear antibody was
≥1:40 at pretreatment.
eA patient was considered positive if either antithyroglobulin or
antithyroid peroxidase was present at pretreatment.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; EGFR, epidermal growth factor receptor; irAEs,
immune-related adverse events; NSCLC, non-small cell lung cancer;
PD-L1, programmed cell death ligand 1; TPS, tumor proportion score.
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Table 2. Observed immune-related adverse events

Event n (%)

Median
weeks
to onset

irAE grade,
No. 1/2/3/4/5

Response to nivolumab,
pembrolizumab
No. CR/PR/SD/PD

Skin reaction 51 (33) 6.4 33/15/3/0/0 1/28/19/3

Pruritus 21 (14) 17/4/0/0/0 1/10/9/1

Rash 19 (12) 13/6/0/0/0 0/11/7/1

Erythema 9 (6) 3/3/3/0/0 0/5/3/1

Other 2 (1) 0/2/0/0/0 0/2/0/0

Infusion reaction 16 (10) 1.0 14/2/0/0/0 1/8/4/3

Pneumonitis 19 (12) 20.1 2/13/3/0/1 0/12/7/0

Hypothyroidism 20 (13) 8.3 17/3/0/0/0 0/11/5/4

Hyperthyroidism 1 (1) 2.4 0/1/0/0/0 0/0/0/1

Hepatitis 10 (6) 6.0 4/2/2/2/0 0/4/5/1

Myositis/peripheral neuropathy 7 (5) 4.0 4/3/0/0/0 0/5/1/1

Diarrhea 2 (1) 14.3 1/1/0/0/0 0/1/1/0

Pancreatitis 1 (1) 9.0 0/0/1/0/0 0/0/1/0

Abbreviations: CR, complete response; irAE, immune-related adverse event; PD, progressive disease; PR, partial response; SD, stable disease.

Table 3. Characteristics of patients with or without skin reaction during nivolumab or pembrolizumab monotherapy
(n = 155)a

With skin reactionb Without skin reactionc Multivariate
Variables (n = 51) (n = 104) p value p valued

Sex (male) 42 (82) 75 (72) .23e

Age, years 68 [36–88] 69 [31–88] .67f

ECOG PS, 0/1/≥2 36/13/2 53/49/2 1.00e

Pathological subtype

Squamous cell carcinoma 19 36 .89e

Nonsquamous NSCLC 32 68

Smoking (never or ex/current) 6/45 21/83 .28e

Past regimens 1.5 [0–7] 1.8 [0–9] .05f .38

PD-L1 expression

TPS ≥ 50% (strong positive) 15 (29) 18 (17)

1% ≤ TPS < 50% (weak positive) 8 (16) 27 (26)

<TPS 1% (negative) 4 (8) 18 (17)

TPS unknown 24 (47) 41 (40)

IgG 1,367 [569–3,118] 1,275 [481–3,185] .49f

IgA 285 [102–1,114] 263 [54–576] .37g

IgM 75 [18–200] 87 [14–370] .55f

IgE 365 [5–3,900] 244 [5–8,900] .36g

Pre-existing RFh 22 (43) 20 (19) .003e .002

Pre-existing ANAi 22 (43) 29 (28) .09e .06

Pre-existing antithyroidj 13 (25) 15 (15) .14e .15
aMedian [range] or n (%).
bPatients who developed skin reaction during nivolumab or pembrolizumab monotherapy.
cPatients who did not develop skin reaction during nivolumab or pembrolizumab monotherapy.
dBy logistic regression.
eBy chi-square test.
fBy Mann-Whitney U test.
gBy Welch’s t test.
hA patient was considered positive if rheumatoid factor was >15 IU/mL at pretreatment.
iA patient was considered positive if antinuclear antibody was ≥1:40 at pretreatment.
jA patient was considered positive if either antithyroglobulin or antithyroid peroxidase was present at pretreatment.
Abbreviations: ANA, antinuclear antibody; ECOG PS, Eastern Cooperative Oncology Group performance status; Ig, immunoglobulin; NSCLC, non-
small cell lung cancer; PD-L1, programmed cell death ligand 1; RF, rheumatoid factor; TPS, tumor proportion score.
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reactions, we further performed 6-week landmark analyses of
PFS and OS that included only patients who demonstrated dis-
ease control and only those who remained alive at 6 weeks
after the initiation of nivolumab or pembrolizumab mon-
otherapy, respectively. Both analyses were based on a land-
mark assessment of skin reactions that developed within the
first 6 weeks. Any skin reaction that occurred after the land-
mark date was not included in the landmark-based analyses.

Statistical Analysis
The relationships between the patient variables and
responses to nivolumab or pembrolizumab monotherapy
were analyzed through univariate and multivariate logistic
regression analyses conducted using EZR (Saitama Medical
Centre, Jichi Medical University, Saitama, Japan), a graphical
user interface for R (The R Foundation for Statistical Comput-
ing, Vienna, Austria) [18]. Using the same interface, categori-
cal variables were compared via the chi-square, Student’s t,
Mann-Whitney U, or Welch’s t test, as appropriate. PFS and
OS up to October 19, 2018, were estimated using Kaplan-
Meier curves and compared using a two-sided log-rank test.
Hazard ratios (HRs) were estimated using the Cox propor-
tional hazards model. All reported p values are two sided,
and values <.05 were considered statistically significant.

The present study was approved by the institutional
review board of Sendai Kousei Hospital. The requirement to
obtain informed consent was waived because the data were
anonymized.

RESULTS

Patient Characteristics
Patients with advanced NSCLC (n = 155; 117 men [75%], 38
women [25%]) who received nivolumab (n = 109) or
pembrolizumab (n = 46) monotherapy during the study period
were included in our analysis (Table 1). The median patient
age was 68 years (range: 31–88 years), and 151 (97%) patients

had an Eastern Cooperative Oncology Group Performance Sta-
tus of 0 or 1. Fifty-five (35%) and 100 patients (65%) had been
diagnosed with squamous cell carcinoma and nonsquamous
NSCLC, respectively. Seventeen patients (11%) harbored muta-
tions in the epidermal growth factor receptor (EGFR). Twenty-
two patients (14%) were chemotherapy-naïve, whereas 69
(45%), 30 (19%), and 34 (22%) had received 1, 2, or ≥3 chemo-
therapy courses, respectively. PD-L1 was expressed abundantly
(tumor proportion score [TPS] ≥50%) in 33 patients (21%), at
low levels (1% to <50%) in 35 (23%), and not at all (<1%) in 22
(14%). The PD-L1 expression status of the remaining 65
(42%) patients was unknown. Fifty-one patients (33%) devel-
oped skin reactions. Twenty-five patients (16%) developed skin
reactions within 6 weeks. The times to onset of skin reactions
varied, with a mean time of 6.4 weeks (range: 1 day to
40 weeks). Grade 1, 2, and 3 skin reactions occurred in 33, 15,
and 3 patients, respectively (Table 2).

According to RECIST, version 1.1, complete responses were
observed in 2 patients (1%), partial responses in 47 (30%), sta-
ble disease in 56 (36%), and progressive disease in 50 (32%).
Consequently, the ORR was 31% (95% confidence interval [CI]:
24–40) and the DCR was 67% (95% CI: 60–75).

Analysis of Skin Reactions
Table 2 summarizes the development of irAEs. Ninety patients
experienced irAEs: 51 (33%) presented with skin reactions,
whereas 16 (10%), 19 (12%), 20 (13%), 1 (1%), 10 (6%), 7 (5%),
2 (1%), and 1 (1%) developed infusion reaction, pneumonitis,
hypothyroidism, hyperthyroidism, hepatitis, myositis/periph-
eral neuropathy, diarrhea, and pancreatitis, respectively. Four
patients were treated with systemic steroids. No patients with
skin reactions withdrew or died after receiving nivolumab or
pembrolizumab monotherapy.

Table 3 compares the patients who did and did not
develop skin reactions. No significant intergroup differences
were observed regarding sex, age, Eastern Cooperative
Oncology Group Performance Status, pathological subtype,
smoking history, or number of previous chemotherapy regi-
mens. However, pre-existing RF was identified significantly
more frequently in patients who developed skin reactions.

A univariate analysis identified the variables associated
with skin reactions, and a multivariate analysis revealed that
pre-existing RF was an independent predictor of these reac-
tions, with an odds ratio of 3.41 (95% CI: 1.58–7.36; p = .002).

In the skin reaction group, 1 patient (2%) achieved a com-
plete response (CR), 28 (55%) exhibited a partial response
(PR), 19 (37%) developed stable disease (SD), and 3 (6%)
presented with progressive disease (PD). Among the
104 patients without skin reactions, the corresponding fre-
quencies were 1 (1%), 19 (18%), 37 (36%), and 47 (45%),
respectively. The ORR and DCR were significantly higher in
patients who developed skin reactions (57% vs. 19%, p < .001
and 94% vs. 55%, p < .001, respectively; Table 4).

The median PFS durations were 12.9 (95% CI: 8.3 to not
reached [NR]) and 3.5 months (95% CI: 2.5–4.1) for patients
who did and did not develop skin reactions, respectively,
indicating a significantly longer PFS in those with skin reac-
tions (Fig. 1A). Similarly, the corresponding 1-year PFS rates
were 51% (95% CI: 36–64) or 20% (95% CI: 13–28), respec-
tively. The HR for disease progression or death was 0.38

Table 4. Association between the presence of skin reaction
and treatment response

Variables

With skin
reactiona

(n = 51)

Without skin
reactionb

(n = 104) p value

Best response,
CR/PR/SD/PD

1/28/19/3 1/19/37/47

Objective
response rate, n (%)c

29 (57) 20 (19) <.001d

Disease
control rate, n (%)e

48 (94) 57 (55) <.001d

aPatients who developed skin reaction during nivolumab or
pembrolizumab monotherapy.
bPatients who did not develop skin reaction during nivolumab or
pembrolizumab monotherapy.
cProportion of patients achieving complete or partial response
based on modified RECIST version 1.1.
dBy chi-square test.
eProportion of patients achieving complete response, partial
response, or stable disease based on modified RECIST version 1.1.
Abbreviations: CR, complete response; PD, progressive disease; PR,
partial response; SD, stable disease.
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(95% CI: 0.25–0.58, p < .001). PFS was statistically signifi-
cantly better in the skin reaction group than in the non–skin
reaction group. The median OS durations among patients
with and without skin reactions were NR (95% CI: 17.5–NR)
and 11.4 months (95% CI: 8.8–15.6), respectively, indicating
significantly better survival in the former group (Fig. 1B).
Similarly, the corresponding 1-year OS rates were 76% (95%
CI: 60–86) and 49% (95% CI: 38–58), respectively. The HR
for death was 0.34 (95% CI: 0.20–0.60, p < .001). OS was
statistically significantly better in the skin reaction group
than in the non–skin reaction group.

In a 6-week landmark analysis, we also evaluated PFS
and OS only in patients who developed skin reactions within
6 weeks after the start of treatment. Ten patients were
excluded from the 6-week landmark analysis of PFS because
of disease progression or death before day 42 of nivolumab
treatment, and one patient was excluded from OS analysis
because of death.

In this 6-week group, 1 patient (4%) achieved a CR, 17
(68%) exhibited a PR, 7 (28%) developed SD, and none (0%)
presented with PD. The ORR and DCR were significantly higher
in patients who developed skin reactions within 6 weeks than
in those who did not (72% vs. 24%, p < .001 and 100% vs.
62%, p < .001, respectively; Table 5).

The median PFS durations were 10.3 (95% CI: 5.6–NR)
and 4.2 months (95% CI: 3.6–5.9) among patients who did
and did not develop skin reactions within 6 weeks, respec-
tively, indicating significantly better survival in the former
group (Fig. 2). Similarly, the corresponding 1-year PFS rates
were 44% (95% CI: 24–63) and 30% (95% CI: 22–38), respec-
tively. The HR for disease progression or death within
6 weeks was 0.58 (95% CI: 0.33–0.99, p = .05). PFS was statis-
tically significantly better in the skin reaction group than in
the non–skin reaction group. The median OS durations were
20.7 (95% CI: 10.7–NR) and 15.6 months (95% CI 11.4–19.1)
among patients who did or did not develop skin reactions

Median, months
1-year Overall 

survival, % of patients 
(95% CI)

HR (95% CI)

With skin 
reaction

NR (17.5-NR) 76 (60-86) 0.34 (0.20-0.60)

Without skin 
reaction

11.4 (8.8-15.6) 49 (38-58) P < .001

No. at risk

Without skin 
reaction

With skin 
reaction

104 78 43 26 11 8 3 0

51 50 38 27 18 9 1 0
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12.9 (8.3-NR) 51 (36-64) 0.38 (0.25-0.58)

Without skin 
reaction

3.5 (2.5-4.1) 20 (13-28) P < .001
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51 38 24 19 11 7 1 0
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Figure 1. Progression-free survival and overall survival in patients with or without skin reactions. Kaplan-Meier curves are shown
for progression-free survival (A) and overall survival (B) in patients with or without skin reaction. The red line indicates patients
with skin reaction; the black line represents those without skin reaction. Ticks indicate patients for whom data were censored on
October 19, 2018.
Abbreviations: CI, confidence interval; HR, hazard ratio; NR, not reached.

Table 5. Association between the presence of skin reaction within 6 weeks and treatment response

With skin reaction
within 6 weeksa

Without skin reaction
within 6 weeksb

Variables (n = 25) (n = 129) p value

Best response, CR/PR/SD/PD 1/17/7/0 1/30/49/49

Objective response rate, n (%)c 18 (72) 31 (24) <.001d

Disease control rate, n (%)e 25 (100) 80 (62) <.001d

aPatients who developed immune-related skin reaction within 6 weeks from initiating nivolumab or pembrolizumab monotherapy.
bPatients who did not develop immune-related skin reaction within 6 weeks from initiating nivolumab or pembrolizumab monotherapy.
cProportion of patients achieving complete or partial response based on modified RECIST version 1.1.
dBy chi-square test.
eProportion of patients achieving complete response, partial response, or stable disease based on modified RECIST version 1.1.
Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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within 6 weeks, respectively, indicating better survival in the
former group. The HR for death was 0.75 (95% CI: 0.40–
1.43, p = .38).

The ORR and DCR were not statistically significantly differ-
ent between the patients with and without EGFR mutation
positive (12% vs. 34%, p = .01 and 47% vs. 70%, p = .01,
respectively; supplemental online Table 1). The median PFS
durations were 2.3 (95% CI: 1.6–4.1) and 5.1 months (95% CI:
3.8–6.7) among patients with and without EGFR mutation pos-
itive, respectively, indicating significantly better survival in the
latter group (supplemental online Fig. 1). Similarly, the
corresponding 1-year PFS rates were 18% (95% CI: 4–38) or
32% (95% CI: 24–40), respectively. The HR for disease progres-
sion or death was 1.76 (95% CI: 1.00–3.08, p = .05). PFS was
statistically significantly better in the patients without EGFR
mutation positive than in the patients with EGFR mutation
positive.

Among patients with EGFR positive (n = 17), 4 devel-
oped skin reactions. The chi-square test was performed on
the correlation between EGFR mutations and skin reactions;
there was no statistically significant correlation between
the two (supplemental online Table 2).

In addition, among the 17 patients who tested EGFR
positive, the Fisher’s exact test was performed on the cor-
relation between skin reactions and ORR (supplemental
online Table 3). Among EGFR-positive patients, the ORRs
were significantly higher in patients with skin reactions than
those without.

We further analyzed the correlation between the pres-
ence of skin reactions and treatment response in patients
with known TPS and with TPS ≥50%. In patients with known
TPS, the ORR and DCR were significantly higher in patients
who developed skin reactions (50% vs. 22%, p = .01 and
100% vs. 65%, p = .001, respectively; supplemental online
Table 4). Among patients with TPS ≥50%, no statistically sig-
nificant differences in ORR and DCR between the group
with skin reaction and those without (73% vs. 44%, p = .16
and 100% vs. 83%, p = .23, respectively; supplemental
online Table 5).

DISCUSSION

The aim of this study was to investigate the association
between skin reactions and clinical benefit in patients with
advanced NSCLC who received nivolumab or pembrolizumab.
Patients who developed skin reactions had better ORR, PFS,
and OS than patients who did not. Patients who developed
early skin reactions, within 6 weeks, also had a better ORR
and PFS than those who did not. The development of skin
reactions is considered a useful marker of clinical benefit.
We believe that cautious management of skin reactions will
permit maximum clinical benefits from PD-1 inhibitor thera-
pies, regardless of early- and late-onset skin reactions. In
addition, RF was an independent predictor of skin reactions.
To the best of our knowledge, this is the first report of RF as
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Figure 2. Progression-free survival in patients with or without skin reactions in 6 weeks. Kaplan-Meier curves with 6-week landmark
analysis for progression-free survival in patients with or without skin reactions. The red line indicates patients with skin reaction;
the black line represents those without skin reaction. Ticks indicate patients for whom data were censored on October 19, 2018.
Abbreviations: CI, confidence interval; HR, hazard ratio; NR, not reached.
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an independent predictor of skin reactions to PD-1
inhibitors.

Skin reactions occur in 14%–47% of patients treated with
immune checkpoint inhibitors, and these range in severity from
mild and localized to debilitating and widespread in 1%–3% of
patients [19]. In patients with NSCLC who were treated with
nivolumab, skin eruptions and pruritus have been reported in
approximately 4%–10% of patients or more, and grade 3 or
greater skin reactions have been reported in 0.7% of patients
[5, 6, 11]. Pembrolizumab has been reported to cause skin reac-
tions in approximately 9%–27% of patients, and skin reactions
of grade 3 or greater in 1%−4% of patients [1, 14].

In our study, 33% of the total patient population presented
skin reactions, and grade 3 or higher reactions occurred in
1.2% of the study population. The development frequency of
skin reactions was higher in our study than in past reports;
however, the frequency of grade 3 or higher skin reactions that
occurred in our study was similar to those of past reports. We
suspect that the similarities and differences can be attributed
to the irAE management team (Frontline Immunotherapy
Team) that we established at our hospital to provide physical
examinations carefully and report even mild skin reactions as
early as possible.

Wang et al. [20] suggested that a wide range of timelines
is associated with skin reactions after PD-1 inhibitor therapy.
In their study, the skin reactions were associated with a
median (range) occurrence of 4.2 months (0.5–38 months) in
17 patients who presented with skin reactions that were
associated with nivolumab or pembrolizumab. They also
found that immune-related skin reactions may occur after
treatment discontinuation. In our study, the mean time of
onset of skin reactions was 6.4 weeks. This is earlier than
the duration reported in previous studies, which we sus-
pect is due to our astute identification of mild skin reac-
tions. No patients presented skin reactions after treatment
discontinuation.

Previous data suggest that the skin irAEs that occur during
anti-PD1 therapy are associated with clinical efficacy and may
predict a better therapy response [21, 22]. In patients with
malignant melanoma, a few prior reports have suggested an
association between the appearance of skin reactions and OS
[15, 21–23]. Hasan et al. [11] suggested a similar association
in patients with NSCLC. However, their study was small sam-
ple. In our study, patients who developed skin reactions had
better ORR, PFS, and OS than those who did not, and our
data support the findings of these previous reports.

In addition, Teraoka et al. [24] found that the expression
of early irAEs correlate with the therapeutic effects of
immune checkpoint inhibitors. We report that the patients
who developed skin reactions within 6 weeks had better
ORR and PFS than patients who did not in this landmark
analysis study. Therefore, early skin reactions appear to be
associated with clinical efficacy in patients treated with anti-
PD-1 antibody therapy.

We investigated best response and development of skin
reactions in patients with and without EGFR mutations.
According to previous studies, EGFR mutant lung cancers
rarely derive benefit from treatment with anti-PD-1 antibody
therapy [5, 25–27]. The patients with EGFR mutation positive
had worse PFS than those without in this study. This result is

consistent with those observed in previous studies. There
was no difference in the incidence of skin reactions with and
without EGFR mutations; however, the ORRs were signifi-
cantly higher in patients with skin reactions than those with-
out among EGFR-positive patients. Even if EGFR mutation
positivity is noted in patients, the expression of a skin reac-
tion is considered to indicate clinical efficacy. According to
previous reports, immune-related skin reactions are associ-
ated with lower patient QOL [12]. In our study, the patients
who developed skin reactions had good treatment outcomes,
regardless of whether the presentation was early or late
onset. Therefore, we believe that it is important to man-
age the skin reaction symptoms. There is an urgent clinical
need to identify those patients more likely to develop skin
reactions, as this information would help to personalize
patient management and provide early or prophylactic
interventions that may mitigate such events. In this study,
we found that pre-existing RF was an independent predic-
tor of skin reactions.

Previous studies have suggested a few predictive bio-
markers of irAEs in patients treated with immune-checkpoint
inhibitor. We previously reported that any pre-existing anti-
bodies are independent predictors of irAEs in patients with
advanced NSCLC [28]. Osorio et al. [29] found that thyroid dys-
function during pembrolizumab treatment of NSCLC is associ-
ated with antithyroid antibodies. Additionally, Suzuki et al.
[30] reported 12 patients with myasthenia gravis (0.12%)
among 9,869 patients with cancer who had been treated
with nivolumab, of whom 10 had pre-existing antibodies to
the acetylcholine receptor. To our best knowledge, we are
the first to report that pre-existing RF is an independent pre-
dictor of the development of skin reactions. The mechanism
by which pre-existing RF is associated with the development
of a skin reaction remains unclear. PD-1 is expressed abun-
dantly in activated B cells [31], which are modulated via T-
cell-independent and -dependent mechanisms [32–34]. Ear-
lier analyses of PD-1 in preclinical models have suggested
the antibody-dependent mitigation of immune-related tox-
icity [35, 36]. In addition, activated NK cells express PD-1,
while PD-1 engagement by PD-L1+ tumor cells potently sup-
presses NK cell–mediated tumor immunity [37]. NK cells, in
addition to T cells, mediate the effect of an immune-check-
point inhibitor and may, in turn, induce auto-antibodies in B
cells, thereby triggering irAEs. Accordingly, the levels of RF
may correlate with irAEs and treatment responses.

This study had several limitations. First, this was a retro-
spective, nonrandomized, small, single-center cohort study.
Second, PD-L1 expression was not assayed routinely because
diagnostic kits were not commercially available in Japan at
the time of this study. Therefore, we were unable to fully
consider PD-L1 in this study. To solve this limitation, we fur-
ther examined the association between the presence of skin
reaction and treatment responses in patients with known
TPS and with TPS ≥50%. Among patients with known TPS, the
ORR and DCR were significantly higher in patients who devel-
oped skin reactions. In patients with TPS ≥50%, although it
was not statistically significant, both the ORR and DCR
tended to be better with skin reaction group than those with-
out. Regardless of TPS status, the development of skin reac-
tion might be associated with clinical efficacy.
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Recently, the combination of chemotherapy and immuno-
therapy has become mainstream, and therefore, the oppor-
tunity to treat patients with anti-PD-1 monotherapy has
decreased. However, the anti-PD-1 monotherapy findings of
this study may be useful for predicting clinical efficacy in
combination therapies in the near future.

CONCLUSION

In patients with advanced NSCLC who were treated with
nivolumab or pembrolizumab monotherapy, ORR, PFS, and
OS were significantly better in the skin reaction group than
in the non–skin reaction group. Pre-existing RF was identi-
fied as an independent predictor of skin reactions. In addi-
tion to identifying the association between RF and skin
reactions, identifying predictors of irAEs can help clinicians
determine the risk–benefit ratios for patients and maximize
clinical benefits, while minimizing adverse events. Further
studies with large patient cohorts are needed to validate
these findings.
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