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IMPORTANCE Immunotherapy with checkpoint inhibitors targeting the PD-1 (programmed [= Related article page 1008
cell death 1) axis has brought notable progress in patients with non-small cell lung cancer
(NSCLC) and other cancers. However, autoimmune toxic effects are frequent and poorly
understood, making it important to understand the pathophysiologic processes of
autoimmune adverse effects induced by checkpoint inhibitor therapy.

Supplemental content

OBJECTIVE To gain mechanistic insight into autoimmune skin toxic effects induced by
anti-PD-1 treatment in patients with non-small cell lung cancer.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study was conducted from July
1, 2016, to December 31, 2018. Patients (n = 73) with non-small cell lung cancer who received
anti-PD-1therapy (nivolumab or pembrolizumab) were recruited from 4 different centers in
Switzerland (Kantonsspital St Gallen, Spital Grabs, Spital Wil, and Spital Flawil). Peripheral
blood mononuclear cells, tumor biopsy specimens and biopsies from sites of autoimmune
skin toxic effects were collected over a 2-year period, with patient follow-up after 1year.

MAIN OUTCOMES AND MEASURES Response to treatment, overall survival, progression-free
survival, and development of autoimmune toxic effects (based on standard laboratory values
and clinical examinations).

RESULTS Of the cohort of 73 patients with NSCLC (mean [SD] age, 68.1[8.9] years; 44 [60%]
men), 25 (34.2% [95% Cl, 24.4%-45.7%]) developed autoimmune skin toxic effects, which
were more frequent in patients with complete remission or partial remission (68.2% [95% Cl,
47.3%-83.6%]) than those with progressive or stable disease (19.6% [95% Cl, 11.0%-32.5%])
(X% =14.02, P < .001). Nine T-cell antigens shared between tumor tissue and skin were
identified. These antigens were able to stimulate CD8" and CD4" T cells in vitro. Several of the
antigen-specific T cells found in blood samples were also present in autoimmune skin lesions
and lung tumors of patients who responded to anti-PD-1 therapy.

CONCLUSIONS AND RELEVANCE These findings highlight a potential mechanism of checkpoint
inhibitor-mediated autoimmune toxic effects and describe the association between toxic
effects and response to therapy; such an understanding will help in controlling adverse
effects, deciphering new cancer antigens, and further improving immunotherapy.
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ancer immunotherapy with checkpoint inhibitors has

been reported to improve survival for patients with non-

small cell lung cancer (NSCLC)."®* However, the auto-
immune toxic effects of checkpoint inhibitors are frequent,
with immune-mediated adverse effects of any grade occur-
ring in approximately 30% of patients and toxic effects of grade
3,4, or 5 occurring in up to 10% of patients.! The causes of these
events remain elusive. We studied a prospective cohort of 73
patients with NSCLC receiving anti-PD-1 (programmed cell
death 1) therapy to gain insight into the pathophysiologic
processes of autoimmune skin toxic effects.

Methods

Clinical Sample Collection

A prospective cohort study of patients with NSCLC who re-
ceived anti-PD-1 treatment was conducted in 4 different cen-
tersin Switzerland (Kantonsspital St Gallen, Spital Grabs, Spital
Wil, and Spital Flawil) from July 1, 2016, to December 31, 2018.
The study received ethical approval from the Ethikkommis-
sion Ostschweiz. Informed consent was obtained from all
patients. Peripheral blood mononuclear cells (PBMCs) and
lung tumor and skin samples were collected for analyses, with
patient follow-up after 1 year.

T-Cell Stimulation Assays and T-Cell Receptor Analysis
Peripheral blood mononuclear cells were stimulated with
peptide pools at a concentration of 2 ug/mL/peptide. After
10 days of culture, cells were restimulated with peptide
pools for 6 hours and stained for CD3, CD4, CD8, CD45RA,
IFN-y (immune interferon). For 2 patients, CD4" and CD8"
IFN-y* T cells were sorted. DNA from the sorted PBMCs,
skin lesions, and lung tumors was used to carry out T-cell
receptor (TCR) B sequencing (ImmunoSEQ Assays, survey
resolution; Adaptive Biotechnologies).

Statistical Analysis

Kaplan-Meier plots were generated for overall survival and pro-
gression-free survival using the survminer package in R, ver-
sion 3.5.0 (R Foundation for Statistical Computing). The as-
sociation between the development of autoimmune skin
toxic effects and overall survival or progression-free survival
was examined using the log-rank test. Hazard ratios (HRs) and
95% ClIs were calculated using univariate Cox proportional
hazards regression model with the survival package in R; we
selected the development of autoimmune skin toxic effects
as the covariate and overall survival or progression-free
survival as the outcome. The x? test was used to test for asso-
ciations between categorical variables.

Logistic regression was used to test the association be-
tween frequencies of IFN-y* T-cell response after stimula-
tions with the peptide pools and development of skin toxic
effects. Results from 21 patients with skin toxic effects and
18 patients without skin toxic effects were included in the
analysis. Statistical significance was defined at the level of
P = .05. Additional methods information can be found in the
eMethods in the Supplement.
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Key Points

Question What are the underlying pathophysiologic processes
of autoimmune skin toxic effects induced by anti-PD-1 therapy
in patients with non-small cell lung cancer?

Findings In this cohort study of 73 patients with non-small cell
lung cancer who received anti-PD-1therapy, T cells that reacted
to antigens shared in non-small cell lung cancers and the skin
mediated autoimmune skin toxic effects. These T cells may also
have mediated the tumor regression in patients who responded
to therapy.

Meaning Autoimmune toxic effects associated with checkpoint
blockade may serve as biomarkers for clinical responses and
provide opportunities to identify cancer T-cell targets.

. |
Results

The organ-specific immune-related adverse effects analysis
revealed a statistically significant association between the
tumor-to-tissue similarity level and the frequency of auto-
immune toxic effects (Figure 1). Skin was the second most
similar organ to NSCLC (after lung) and had the second high-
est proportion of autoimmune adverse effects. Of the cohort
of 73 patients with NSCLC (mean [SD] age, 68.1 [8.9] years;
44 [60%] men), 25 (34.2% [95% CI, 24.4%-45.7%]) devel-
oped autoimmune skin toxic effects, which were more fre-
quent in patients with complete remission or partial remis-
sion (68.2% [95% CI, 47.3%-83.6%]) than those with
progressive or stable disease (19.6% [95% CI, 11.0%-32.5%])
(x® = 14.02, P < .001). In addition, 15 patients (68.2%; 95%
CI, 47.3%-83.6%) with complete remission or partial remis-
sion developed autoimmune skin toxic effects, compared
with only 6 patients (16.2%; 95% CI, 7.7%-31.1%) with pro-
gressive disease (x? = 14.06; P < .001) (eFigure 1 in the
Supplement).

A histologic analysis of lesional biopsy specimens from
sites of autoimmune skin toxic effects and lung tumors dem-
onstrated a dense infiltration of T cells (Figure 2A and B;
eFigure 2 in the Supplement). Computed tomographic scans
taken during therapy showed that most patients with skin
toxic effects were good responders (eFigure 3 in the Supple-
ment). Patients with skin toxic effects also showed statisti-
cally significantly improved overall survival (HR, 0.29 [95%
CI, 0.12-0.71]; P = .004) (Figure 2C) and progression-free sur-
vival (HR, 0.22 [95% CI, 0.09-0.49]; P = .001) (eFigure 4 in
the Supplement). Patients who responded to therapy were
more than 5 times more likely to have experienced autoim-
mune skin toxic effects compared with those who did not
respond (odds ratio, 5.28 [95% CI, 1.78-15.67]; P = .003), a
finding that is in line with results of several studies, suggest-
ing that autoimmune adverse effects are associated with
response to therapy.*

Owing to the T-cell infiltration in the affected skin, we per-
formed a TCR clonotype analysis with patient-matched NSCLC
and skin biopsy specimens, revealing identical TCR se-
quences in the lung tumors and the autoimmune skin lesions
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Figure 1. Tissue Similarity Between Lung Tumors and Organs Affected by Autoimmune Toxic Effects
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Positive associations between tumor-tissue similarity score and organ-specific
immune-related adverse effects in patients with non-small cell lung carcinoma
treated with nivolumab (A) or pembrolizumab (B). Pearson correlation

coefficient was R = 0.71 for nivolumab and R = 0.81 for pembrolizumab, and the
P value was P = .003 for nivolumab and P = .001 for pembrolizumab.

Figure 2. Association Between Autoimmune Skin Toxic Effects and Response to Therapy
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(A) and lung tumors (B) characterized
by an inflammatory infiltrate shown
by CD3 immunohistochemistry
(magnification x100).

C, Kaplan-Meier analysis of patients
treated with PD-1inhibitors reveals
better outcome for 25 patients who
developed skin toxic effects (blue
line) compared with 48 other
patients who did not develop skin
toxic effects (orange line). One-year
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P =.004.

(eFigure 5 in the Supplement). This finding indicates that the
same T-cell clonotypes infiltrated both sites and suggests that
T cells react against shared antigens in the 2 organs.

jamaoncology.com

An in silico bioinformatics analysis was subsequently
performed to identify potential shared antigens between
NSCLC and the skin (eFigure 6 in the Supplement). To be
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Figure 3. Sharing of T-Cell Clones in Autoimmune Skin Lesions, Lung Tumors, and Antigen-Stimulated Peripheral Blood Mononuclear Cells (PBMCs)
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A, TCRB sequences shared in the non-small cell lung carcinoma (NSCLC), skin,
and sorted CD4*/CD8" interferon (IFN)-y* T cells from PBMCs after the latter
were stimulated with desmocollin 3 (DSC3) and keratin 6 (KRT6) from 1 patient.
In total, 5 unique shared clones were found. The CD4" clones shared with
PBMCs are encircled in orange, and CD8* clones shared with PBMCs are

encircled in dark blue in the dot plots. B, Shared TCRB sequences in the NSCLC,
skin, and sorted CD4*/CD8* IFN-y* T cells from PBMCs after the latter were
stimulated with maspin, LL37, keratin 14 (KRT14), and DSC3 from another
patient. In total, 31 unique shared clones were found (for this patient, only
some of the clones are indicated).

selected, the antigens had to fulfill the following properties:
(1) evidence of self-immunogenicity, (2) high expression in
NSCLCs, and (3) skin or lung specificity. This analysis identi-
fied 9 candidate T-cell antigens (eTable in the Supplement).
To determine whether these antigens were recognized by
antigen-specific T cells, we stimulated PBMCs from 21
patients with skin toxic effects and 18 patients without skin
toxic effects with the antigens in the form of overlapping
peptide pools. Regression analysis revealed an association
between development of skin toxic effects and high frequen-
cies of IFN-y+ T-cell response, which was significant for
CD8+ IFN-y+ T-cell response (odds ratio, 1.99 [95% CI, 1.01-
3.90]; P = .046), but was not for CD4+ IFN-y+ T-cell response
(odds ratio, 1.05[95% CI, 0.98-1.13]; P = .146) (eFigure 7 in the
Supplement). The stimulated IFN-y* T cells were sorted from
the PBMCs of 2 patients with skin toxic effects and who
showed response to therapy. The TCRs of the sorted IFN-y*
T cells were then compared with the TCRs found in the
NSCLC and skin toxic effects from the same patients. Identi-
cal antigen-specific T cells were found in the patients’ PBMCs
and tissues, with some clones being present in all 3 compart-
ments. For 1 patient, shared T-cell clones were found specific
for desmocollin 3 and keratin 6 (Figure 3A), whereas for
another patient, shared T-cell clones were found specific for
maspin, LL37, keratin 14, and desmocollin 3 (Figure 3B).

|
Discussion

Several studies report an association between immune-
related adverse effects and response to treatment with

JAMA Oncology July2019 Volume 5, Number 7

checkpoint inhibitors in patients with melanoma.*>-8 This
association also has been hypothesized in patients with
NSCLC.®*”° To our knowledge, the present study is the first
to show a potential mechanism of checkpoint inhibitor-
mediated autoimmune skin toxic effects and to describe the
association between immune-related adverse effects and
treatment efficacy. This study suggests that, during check-
point inhibitor therapy, T cells recognizing shared lung
tumor and skin antigens simultaneously target both organs.
This process is associated with the development of autoim-
mune skin toxic effects and likely with tumor regression as
well. A similar association is seen in patients with mela-
noma treated with anti-PD-1, in which good responders to
therapy often develop a skin condition known as vitiligo.'°

The identification of antigens shared between tumors
and healthy tissues may provide a dual advantage: (1) it
helps in anticipating autoimmune toxic effects, and (2) it
reveals potential new tumor targets. For effective cancer
immunotherapy, many currently favor neoantigens. How-
ever, not all tumors harbor potent neoantigens, and tissue-
specific antigens can, in principle, also support strong anti-
tumor T-cell responses, with autoimmunity as an adverse
effect, as shown in this study. Therefore, it may be necessary
to identify shared antigens able to mediate tumor rejection
with only limited toxic effects.

Limitations

This study has limitations. First, the sample size is small.
Second, we used a limited number of matched non-small
cell lung cancer and skin specimens for the TCR clonotype
analysis.
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Conclusions

This study suggests that specific autoimmune T-cell clones
recognize shared self-antigens in lung cancer and the skin.
These T-cell clones may mediate the autoimmune skin
toxic effects in patients with NSCLC who receive anti-PD-1
therapy as well as the lung cancer regression in patients
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