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Immune checkpoint inhibitors have made remarkable breakthroughs in the
treatment of lung cancer, bringing significant survival benefits to the patients. A
number of adverse events aggravated by immunotherapy in patients with pre-
existing autoimmune diseases have been reported in the past, especially skin
toxicity, such as rash, pruritus, erythema, and vitiligo. However, whether the
exacerbated autoimmune disease is reversible and when it will return to its
original state after immunotherapy discontinuation is still inconclusive. In our
report, we described a patient diagnosed with non-small cell lung cancer
whose vitiligo was stable for about 10 years. We followed up and observed the
patient’s skin depigmentation for the complete time window, from aggravation
of application anti-programmed cell death-1 receptor antibody (anti-PD-1
antibody) to recovery after the withdrawal. We presented the objective
images at particular time points using reflectance confocal microscopy and
wood’s light. We found that the use of anti-PD-1 antibody aggravated in skin
toxicity, but it was reversible, the time window from the beginning to recovery
status was approximately 9 months. We used this real case scenario to explain
the relationships between immunotherapy and autoimmune diseases.
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Introduction

Immune checkpoint inhibitors (ICIs) primarily work by
blocking the signal transduction pathways of the programmed
cell death protein-1/programmed cell death ligand 1 (PD-1/PD-
L1) or cytotoxic T lymphocyte-associated protein 4 (CTLA-4) (1).
These antibodies can principally activate the CD8+ T lymphocyte
by preventing the interaction between them and their ligands to
generate an antitumor immune response (2). The ICIs significantly
improve outcomes in patients with a variety of malignancies,
especially for non-small cell lung cancer (NSCLC). However, the
ICIs could cause immune-related adverse events (irAEs) through
their non-specific positive immunomodulatory effects, and then
affect multiple organs of the body. In addition, many previously
studies have reported that patients with autoimmune diseases are
susceptible to exacerbation of the original autoimmune disease,
especially skin toxicity, with rash, pruritus, erythema, and vitiligo
being the most common one when receiving immunotherapy (3-5).

Camrelizumab (SHR-1210) is a humanized monoclonal
antibody against PD-1. Previous large-scale phase 2 and phase 3
clinical trials have reported that treatment-related skin irAEs of any
grade were primarily concentrated in reactive cutaneous capillary
endothelial proliferation in cancer patients, with few reports of
other skin toxicities (6, 7). Generally, the huge majority of irAEs are
reversible if promptly diagnosed and adequately treated (8, 9). Some
studies have shown that mild to moderate irAEs (CTCAE Grades 1-
2) are largely manageable and reversible within 2 weeks after ICIs
discontinuation and treatment based primarily on systemic
glucocorticoids, notably methylprednisolone and other
immunomodulatory agents (10-12). However, the effect of the
ICIs on the underlying condition and subsequent outcome in
cancer patients with autoimmune diseases are still indetermined.

Vitiligo is an autoimmune skin disorder, that is defined as
hypopigmentation of the skin, which originates from the loss of
function of epidermal melanocytes (13). We previously described a
diagnosed NSCLC patient with focal vitiligo and her skin
depigmentation aggravated in just half a year after the application
of anti-PD-1 antibody. The case report was published in the journal
of Immunotherapy (14). This time, we reported a gradual recovery
status of vitiligo after discontinuation of ICIs, and provided a specific
time reference, which should be a further supplementary explanation
for follow-up after anti-PD-1 antibody withdrawal. We attempt to
illustrate the relationships between the ICIs and autoimmune diseases
from the patient’s complete treatment process.

Case description

Phase 1: Vitiligo aggravated with the
application of anti-PD-1 antibody

A 62-year-old female came to our hospital due to cough and
chest tightness. She underwent chest computed tomography
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examination and found space-occupying lesions and large
pleural effusion in the right lung in November 2017
(Figure 1B). After pathological and systemic examination, the
patient was diagnosed with stage IV lung adenocarcinoma with
negative gene mutations (EGFR/ALK/ROSI). In addition, the
patient had a history of vitiligo for 10 years. The vitiligo lesions
were confined to the area around the eyes and mouth of the face
and remained stable without any treatment. To further treat lung
cancer, she participated in phase III, randomized, open-label,
multicenter study of SHR-1210 (anti-PD-1 antibody) combined
with pemetrexed and carboplatin as the first-line treatment for
patients with the advanced or metastatic non-squamous NSCLC.
She was randomly assigned to an experimental group in
December 2017 and received 6 cycles of “SHR-1210 combined
with pemetrexed and carboplatin” regimens, followed by 29
cycles of “SHR-1210 in combination with pemetrexed” as
subsequent therapy (Figure 1A). After the first two cycles of
treatment in February 2018 (6 weeks), lung cancer was effectively
controlled, and the efficacy evaluation was stable disease
(Figure 1B). Moreover, she suffered from another major irAEs,
hypothyroidism (CTCAE 4.0 one grade). And 75ug euthyrox
(levothyroxine) was administered once a day from February 28,
2018, to control the immune-related hypothyroidism.

During immunotherapy, we found that the vitiligo in the
patient rapidly aggravated with depigmentation of the skin over
the whole body in just half a year. Her facial depigmentation area
began to expand around the mouth and eyes, and the
depigmentation lesions gradually appeared in other parts of
the body, such as the inguinal region, cheeks, limbs, etc.
Additionally, her hair (on the head, eyelashes, and eyebrows)
also gradually turned white (Figures 2A, E). No corticosteroids
or other treatments were administered during this period.
Written informed consent was obtained from the patient for
the use of the images. Reflectance confocal microscopy (RCM)
images were captured from different parts of the patient’s body.
The RCM images of the patient showed almost the absence of
pigmented cells and pigmented rings on the whole skin
(Figures 3A-D). At the stage of the application of the anti-PD-
1 antibody, we observed that the patient’s skin depigmentation
began to aggravate in just half a year. We recorded the imaging
pictures with the most aggravated condition in October 2019
(about 22 months of using anti-PD-1 antibody) and have
published them as a form of the case report (14).

Phase 2: Vitiligo recovery
after discontinuation of the
anti-PD-1 antibody

According to the provisions of this clinical study, the
immunotherapy was discontinued after 2 years (total of 35
cycles) in December 2019 and single agent pemetrexed was
started as maintenance therapy until now (Figure 1A). However,
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First time diagnosed After two cycles of PD-1 Complete treatment of PD-1 Monotherapy maintenance therapy
FIGURE 1

(A) Timeline for the diagnosis, treatment, and changes of the vitiligo condition. (B) Chest computed tomography scans revealed the clinical response
during the treatment. The efficacy evaluation was stable disease after the two cycles of 'SHR-1210 combined with pemetrexed and carboplatin, but as
the treatment time was prolonged, the tumor density gradually decreased, suggesting that the tumor has been effectively controlled

since the discontinuation of the anti-PD-1 antibody, we were
surprised to find that the patient’s vitiligo condition gradually
recovered. In the beginning, we found that depigmented areas of
the eyes and mouth-around were slightly narrowed and the hair
gradually began to darken (Figures 2B, F). Furthermore, we found
that the patient began to have marked pigmentation on the
forearms and lower legs (Figures 2I, L). The RCM images of the
patient also showed that the pigment rings were gradually
appeared in the forearms and left lower legs but there were no
significant changes on the mouth-around and inguinal region
(Figures 3E-H). After 9 months of discontinuation of
immunotherapy, we observed that the skin depigmentation of
patients began to recover gradually, and we found that the time to
start recovery was longer (about 9 months after discontinuation of
anti-PD-1 antibody) than the time to aggravate (about 6 months
after using the anti-PD-1 antibody) the vitiligo.

About 18 months after the immunotherapy withdrawal
(June 2021), we found that the patient’s pigment recovery was
more apparent. The specific manifestation was that the patient’s
hair was darker than half a year before, and the facial
depigmentation areas were also gradually narrowed and faded
(Figures 2C, G). Although the pigmentation of the forearms and
lower legs became lighter under the natural light, we speculated
that it may be related to the lack of sunlight during the winter in
northern China. Moreover, the number and extent of
pigmentation of the right forearm have increased than before,
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while the macules on the lower legs were stable under the wood’s
light (Figures 2J, M). The RCM images showed that there was
still no pigment right around the mouth-around and inguinal
region. Moreover, there were more and brighter pigment rings
and pigment cells on the forearms and lower legs than before
(Figures 3I-L). About 31 months after the immunotherapy
withdrawal (July 2022), we found that the vitiligo areas on the
face were narrower and lighter, and the hair became darker than
before (Figures 2D, H). The amount and range of pigmentation
of the right forearm and lower legs were also increased and
expanded compared to before (Figures 2K, N). With the
extension of the treatment time, the tumor density gradually
decreased, suggesting that the patient reached a durable
stabilization of her tumor (Figure 1B). At the stage of
discontinuation of immunotherapy for more than 2 years, we
observed gradual recovery after the immunotherapy withdrawal
and noted a trend from distal to proximal. In brief, the toxic
effects of PD-1 inhibitors to the skin were reversible.

Discussion

In recent years, immunotherapy is considered to play a central
role in the treatment of cancers, as shown in lung cancer.
However, some studies found that the patients with
autoimmune diseases are susceptible to the ICIs and are
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Oct. 2019 Sep. 2020 Jun. 2021 Jul. 2022
During treatment of PD-1
8 (L)
9 months after PD-1 withdrawal 18 months after PD-1 withdrawal 31 months after PD-1 withdrawal
FIGURE 2

The images of the patient’s facial and limbs changes under the natural light and wood'’s light during and after the treatment of the anti-PD-1
antibody. (A) During the treatment of immunotherapy, the vitiligo areas on the face were gradually enlarged, even involving the hair (including
hair on the head/eyelashes/eyebrows), which showed depigmentation. (B—D) With the prolongation of immunotherapy withdrawal, the vitiligo
areas on the face were gradually narrowed and the hair was gradually turned black. (E) Wood's light examination showed that the vitiligo areas
were bright bluish-white, and the hypopigmentation area was also found at the junction of the normal and depigmented skin. The
hypopigmentation areas around the mouth under wood's light examination presented a bright bluish-white signal. (F-H) With the prolongation
of the immunotherapy withdrawal, the bright bluish-white areas on the mouth-around were gradually narrowed and faded. (I, L) Scattered
pigmented spots began to emerge on the patient’s right forearm and lower legs under the wood's light examination 9 months after stopping
the immunotherapy. (J, M) The pigment macules of the right forearm and the lower legs became lighter than before under the natural light 18
months after stopping the immunotherapy, which may be related to the lack of sunlight during the winter in northern China. Under the wood's
light, the amount and range of pigmentation of the right forearm were increased than before, while the macules on lower legs were stable 18
months after the immunotherapy withdrawal. (K, N) With the prolongation of the immunotherapy withdrawal, the amount and range of
pigmentation of the right forearm and lower legs were further increased and expanded than before.

associated with a significantly increased risk of mortality related to
the irAEs. About 40% of the patients have different degrees of skin
toxicity, and most of the lesions are mild to moderate and can be
well controlled by symptomatic supportive treatment (15, 16). The
specific mechanism of the irAEs occurrence is still inconclusive,
but it is generally believed that the overreactive immune response
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may be caused by the autoreactive T cells, triggering the related
symptoms of the corresponding organs (17). The ICIs that differ
from the traditional cytotoxic or molecularly targeted drugs, do
not follow a periodic pattern like the traditional chemotherapeutic
agents, and the time of toxicity is usually delayed and persistent.
The research showed that although the irAEs occur at different
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Right inguinal Mouth-around

Right forearm

Left lower leg

During treatment of PD-1 9 months after PD-1 withdrawal 18 months after PD-1 withdrawal

FIGURE 3

Differences in the reflectance confocal microscopy (RCM) images during and after the treatment of the anti-PD-1 antibody. (A—D) During the
treatment of immunotherapy, the RCM images displayed the absence of pigment rings in the basal cell layer of the mouth-around, right inguinal
region, right forearm, and left lower leg (yellow arrow). (E-H) Nine months after immunotherapy was discontinued, there was still no pigment
ring on the mouth-around and right inguinal region (yellow arrow). Pigment rings gradually appeared on the right forearm and the left lower leg
(red arrow). (I-L) Eighteen months after the immunotherapy withdrawal, there were no pigment rings in the mouth-around and right inguinal
region (yellow arrow). But on the right forearm and left lower leg, the pigment rings became brighter (red arrow).

times, they usually take place within 1-6 months and are mostly
reversible after the drug withdrawal (18).

In this case report, we presented a patient with the stage IV
NSCLC with pre-existing vitiligo for about 10 years. The
patient was treated with the anti-PD-1 antibody (SHR-1210)
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for about 2 years and obtained a durable stabilization of her
primary tumor during the subsequent maintenance
chemotherapy. Our previous report described that the
application of the anti-PD-1 antibody accelerated the
generalized depigmentation of the skin in just half a year.
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This time we followed the complete time window after the
immunotherapy withdrawal and presented objective images at
particular points using reflectance confocal microscopy and
wood’s light. After the discontinuation of immunotherapy, the
patient’s vitiligo began to gradually enter the recovery phase.
For about 9 months after stopping the immunotherapy, we
found that the range of skin depigmentation was gradually
reduced, the hair was gradually darkened, and there was
pigmentation at the forearms, lower legs, and other distal
ends. We observed these changes in general and found that
the skin changes caused by the anti-PD-1 antibody were
reversible. Because the condition of the skin was deteriorated
after the treatment with the anti-PD-1 antibody and recovered
after the drug withdrawal during the relatively complete-time
window. We also found that the patient’s skin depigmentation
was gradually recovered without any hormone treatment and
the recovery time was longer than the occurrence time.
Therefore, the aggravation or regression of skin changes does
not influence the curative effect and has no substantial
correlation with the clinical curative effect.

Vitiligo is a defective skin disorder, characterized by
depigmentation due to the destruction of the epidermal
melanocytes, accounting for 0.5%-1% in the general
population, which pathogenesis is complex and often
associated with the genetic and autoimmune conditions (19).
The research indicated that dysfunction of T regulatory cells
(Tregs) and hyperactivation of CD8+ cytotoxic T cells often
occur at the edge of the depigmented skin (20, 21). Moreover,
compared with the T cells isolated from typical vitiligo patients
or healthy skin, the CD8" T cells in patients with the immune-
related vitiligo produced a higher proportion of interferon-y
(IFN-7) or both IFN-y and tumor necrosis factor oo (TNFot) (22).
Therefore, some studies showed that skin depigmentation by the
immune-related vitiligo may be associated with the weakening of
the Tregs, which leads to hyperactivated T cells attacking normal
melanocytes in vivo (23, 24). Specific to the treatment, the
asymptomatic vitiligo is commonly observed without therapy
since it does not directly threaten the lives of the patients. Most
of them can maintain immunotherapy while using good sunlight
protection. Depigmented spots can be treated with topical
glucocorticoids, calcineurin inhibitors, or combined with
phototherapy (25). However, the therapeutic effect of the
immune-related vitiligo remains inconclusive. One case of
nivolumab-induced vitiligo was successfully treated with
narrowband ultraviolet light therapy (26). But in another
study, pembrolizumab-associated vitiligo-like depigmentation
was not improved by the combination of the excimer laser and
topical corticosteroid therapy (27). In our study, the patient did
not receive any hormones or other treatment for vitiligo since
her quality of life was not additionally affected.

Vitiligo-like lesions are one of the typical side effects
occurring in patients receiving anti-PD-1 antibodies. A recent
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study showed that melanoma cell destruction was associated
with the release of melanoma-associated antigens. Therefore, the
appearance of the vitiligo is an indicator of melanocyte antigen
immune activation and an independent favorable prognostic
factor, but it has not been confirmed in patients with the NSCLC
(28, 29). Previous data intensively showed that the
dermatological irAEs during the anti-PD-1 treatment were
correlated with the overall survival (OS) and can be used as a
parameter to forecast a better response to the treatment (30-32).
The criteria for evaluating the vitiligo disease include the
Koebner phenomenon, Wood’s light examination, and RCM
imaging. Among them, the RCM is the most suitable non-
invasive method for detecting skin melanin abnormalities.
Under the RCM, the melanocytes and pigmented keratinocytes
of the skin can be seen as bright pigment ring structures on a
dark background (33). According to the above diagnostic
criteria, the patient’s forepassed vitiligo condition was stable
for 10 years, and the vitiligo became worse after using the anti-
PD-1 antibody for about half a year. The patient’s vitiligo was
transformed from stable to progressive, and the vitiligo disease
activity (VIDA) score changed from 0 to + 4. One possible
explanation is that immunotherapy activates the T cells, which
in turn makes the CD8+ cells overactive, thereby rendering
autoimmune susceptibility (34). After stopping the anti-PD-1
antibody for about 9 months, the patient developed skin
pigmentation and gradually blackened hair, and the vitiligo
changed from progressive to stable. Eighteen months after the
drug was discontinued, the patient’s vitiligo remained stable for
more than one year without further expansion, and the VIDA
score changed from + 4 to -1, which showed vitiligo disease
gradually recovered. In addition, the RCM images showed that
the pigment cells and pigment rings were gradually recovered.
We speculated that the cause of the recovery of the vitiligo may
be associated with the gradual recovery of the CD8+ T cells after
the drug withdrawal.

Before PD-1 treatment, the patient’s vitiligo lesions were
located around the mouth, nose, eyes and along the hairline of
the forehead, and the vitiligo extent score (VESplus) was
supposed to be 0.011 (35, 36). After about 2 years of PD-1
treatment, the depigmented lesions began to spread around her
face, the whole body surface except the hair (hair along the
forehead hairline was also depigmented) was depigmented, and
the VESplus score was 0.997. After stopping the anti-PD-1
antibody, the pigment spots began to emerge on her lower
legs, forearms and face gradually until recently (July, 2022).
Therefore, according to the density of the re-pigmented spots,
the VESplus score was 0.992. As we can’t get access to the online
resources of vitiligo calculator, the value of VESplus score was
the average score assessed by two dermatologists in our
hospital independently.

In conclusion, we reported a NSCLC patient with pre-
existing vitiligo and completely followed up the changes of
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skin pigmentation during and after anti-PD-1 antibody
treatment. The observation for the time window of the
treatment showed that the skin toxicity caused by the ICIs was
reversible, the time window for onset of recovery was 9 months,
and the recovery time was longer than the aggravation time.
However, this is just one case report, and more cases are needed
to verify its reversibility and time-limited recovery. For other
life-threatening irAEs, such as interstitial pneumonia or
myocarditis, whether the treatment is necessary and how long
it will take to restore the functions of the body’s various organs
after stopping the ICIs still needs more population samples
to verify.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the institutional review board of The First Hospital
of Jilin University. The patients/participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the

References

1. Phillips GS, Wu J, Hellmann MD, Postow MA, Rizvi NA, Freites-Martinez A,
et al. Treatment outcomes of immune-related cutaneous adverse events. J Clin
Oncol (2019) 37(30):2746-58. doi: 10.1200/jco.18.02141

2. Park HY, Oh IJ, Kho BG, Kim TO, Shin HJ, Park CK, et al. Clinical characteristics of
Korean patients with lung cancer who have programmed death-ligand 1 expression.
Tuberc Respir Dis (Seoul) (2019) 82(3):227-33. doi: 10.4046/trd.2018.0070

3. Brahmer JR, Abu-Sbeih H, Ascierto PA, Brufsky J, Cappelli LC, Cortazar FB,
et al. Society for immunotherapy of cancer (SITC) clinical practice guideline on
immune checkpoint inhibitor-related adverse events. ] Immunother Cancer (2021)
9(6):€002435. doi: 10.1136/jitc-2021-002435

4. Tang K, Tiu BC, Wan G, et al. Pre-Existing Autoimmune Disease and
Mortality in Patients Treated With Anti-PD-1 and Anti-PD-L1 Therapy. J Natl
Cancer Inst (2022) djac046. doi: 10.1093/jnci/djac046

5. Danlos FX, Voisin AL, Dyevre V, Michot JM, Routier E, Taillade L, et al.
Safety and efficacy of anti-programmed death 1 antibodies in patients with cancer
and pre-existing autoimmune or inflammatory disease. Eur ] Cancer (2018) 91:21—
9. doi: 10.1016/j.ejca.2017.12.008

6. Zhou C, Chen G, Huang Y, Zhou J, Lin L, Feng J, et al. Camrelizumab plus
carboplatin and pemetrexed versus chemotherapy alone in chemotherapy-naive
patients with advanced non-squamous non-small-cell lung cancer (CameL): a
randomised, open-label, multicentre, phase 3 trial. Lancet Respir Med (2021) 9
(3):305-14. doi: 10.1016/52213-2600(20)30365-9

7. Qin S, Ren Z, Meng Z, Chen Z, Chai X, Xiong J, et al. Camrelizumab in
patients with previously treated advanced hepatocellular carcinoma: a multicentre,
open-label, parallel-group, randomised, phase 2 trial. Lancet Oncol (2020) 21
(4):571-80. doi: 10.1016/s1470-2045(20)30011-5

Frontiers in Immunology

10.3389/fimmu.2022.946829

publication of any potentially identifiable images or data
included in this article.

Author contributions

KM were responsible for study design and concept. ZG and
YX performed data analysis and drafted the manuscript. JZ and
XW revised the manuscript. SQ and YG reviewed the article
critically for important intellectual content. All authors
contributed to the article and approved the submitted version.

Conflict of interest

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.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

8. Eigentler TK, Hassel JC, Berking C, Aberle J, Bachmann O, Griinwald V, et al.
Diagnosis, monitoring and management of immune-related adverse drug reactions
of anti-PD-1 antibody therapy. Cancer Treat Rev (2016) 45:7-18. doi: 10.1016/
j.ctrv.2016.02.003

9. Inno A, Metro G, Bironzo P, Grimaldi AM, Grego E, Di Nunno V, et al.
Pathogenesis, clinical manifestations and management of immune checkpoint
inhibitors toxicity. Tumori (2017) 103(5):405-21. doi: 10.5301/t.5000625

10. Geisler AN, Phillips GS, Barrios DM, Wu J, Leung DYM, Moy AP, et al.
Immune checkpoint inhibitor-related dermatologic adverse events. ] Am Acad
Dermatol (2020) 83(5):1255-68. doi: 10.1016/j.jaad.2020.03.132

11. Das S, Johnson DB. Immune-related adverse events and anti-tumor efficacy
of immune checkpoint inhibitors. J Immunother Cancer (2019) 7(1):306.
doi: 10.1186/s40425-019-0805-8

12. Dolladille C, Ederhy S, Sassier M, Cautela J, Thuny F, Cohen AA, et al.
Immune checkpoint inhibitor rechallenge after immune-related adverse events in
patients with cancer. JAMA Oncol (2020) 6(6):865-71. doi: 10.1001/
jamaoncol.2020.0726

13. Schallreuter KU, Levenig C, Berger J. Vitiligo and cutaneous melanoma. a
case study. Dermatologica (1991) 183(4):239-45. doi: 10.1159/000247693

14. Xu Y, Cai Y, Zu J, Wang X, Wang Y, Sun C, et al. Aggravation of
depigmentation for a non-small-cell lung cancer patient with pre-existing vitiligo
using anti-programmed cell death-1 therapy: case report. Immunotherapy (2020)
12(3):175-81. doi: 10.2217/imt-2019-0090

15. Sibaud V, Meyer N, Lamant L, Vigarios E, Mazieres J, Delord JP.
Dermatologic complications of anti-PD-1/PD-L1 immune checkpoint antibodies.
Curr Opin Oncol (2016) 28(4):254-63. doi: 10.1097/cc0.0000000000000290

frontiersin.org


https://doi.org/10.1200/jco.18.02141
https://doi.org/10.4046/trd.2018.0070
https://doi.org/10.1136/jitc-2021-002435
https://doi.org/10.1093/jnci/djac046
https://doi.org/10.1016/j.ejca.2017.12.008
https://doi.org/10.1016/s2213-2600(20)30365-9
https://doi.org/10.1016/s1470-2045(20)30011-5
https://doi.org/10.1016/j.ctrv.2016.02.003
https://doi.org/10.1016/j.ctrv.2016.02.003
https://doi.org/10.5301/tj.5000625
https://doi.org/10.1016/j.jaad.2020.03.132
https://doi.org/10.1186/s40425-019-0805-8
https://doi.org/10.1001/jamaoncol.2020.0726
https://doi.org/10.1001/jamaoncol.2020.0726
https://doi.org/10.1159/000247693
https://doi.org/10.2217/imt-2019-0090
https://doi.org/10.1097/cco.0000000000000290
https://doi.org/10.3389/fimmu.2022.946829
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gao et al.

16. Hwang SJ, Carlos G, Wakade D, Byth K, Kong BY, Chou §, et al. Cutaneous
adverse events (AEs) of anti-programmed cell death (PD)-1 therapy in patients
with metastatic melanoma: A single-institution cohort. ] Am Acad Dermatol (2016)
74(3):455-61.el. doi: 10.1016/j.jaad.2015.10.029

17. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity
cycle. Immunity (2013) 39(1):1-10. doi: 10.1016/j.immuni.2013.07.012

18. Khoja L, Day D, Wei-Wu Chen T, Siu LL, Hansen AR. Tumour- and class-
specific patterns of immune-related adverse events of immune checkpoint
inhibitors: a systematic review. Ann Oncol (2017) 28(10):2377-85. doi: 10.1093/
annonc/mdx286

19. Hua C, Boussemart L, Mateus C, Routier E, Boutros C, Cazenave H, et al.
Association of vitiligo with tumor response in patients with metastatic melanoma
treated with pembrolizumab. JAMA Dermatol (2016) 152(1):45-51. doi: 10.1001/
jamadermatol.2015.2707

20. Lili Y, Yi W, Ji Y, Yue S, Weimin S, Ming L. Global activation of CD8+
cytotoxic T lymphocytes correlates with an impairment in regulatory T cells in
patients with generalized vitiligo. PloS One (2012) 7(5):e37513. doi: 10.1371/
journal.pone.0037513

21. Klarquist J, Denman CJ, Hernandez C, Wainwright DA, Strickland FM,
Overbeck A, et al. Reduced skin homing by functional treg in vitiligo. Pigment
Cell Melanoma Res (2010) 23(2):276-86. doi: 10.1111/j.1755-148X.
2010.00688.x

22. Lolli C, Medri M, Ricci M, Schepisi G, Filograna A, De Giorgi U, et al.
Vitiligo-like lesions in a patient treated with nivolumab for renal cell carcinoma.
Med (Baltimore) (2018) 97(52):¢13810. doi: 10.1097/md.0000000000013810

23. Lin M, Zhang BX, Shen N, Dong X]J, Zhang C, Qi XY, et al. Regulatory T
cells from active non-segmental vitiligo exhibit lower suppressive ability on
CD8+CLA+ T cells. Eur J Dermatol (2014) 24(6):676-82. doi: 10.1684/
€jd.2014.2436

24. Larsabal M, Marti A, Jacquemin C, Rambert J, Thiolat D, Dousset L, et al.
Vitiligo-like lesions occurring in patients receiving anti-programmed cell death-1
therapies are clinically and biologically distinct from vitiligo. ] Am Acad Dermatol
(2017) 76(5):863-70. doi: 10.1016/j.jaad.2016.10.044

25. Belum VR, Benhuri B, Postow MA, Hellmann MD, Lesokhin AM, Segal NH,
et al. Characterisation and management of dermatologic adverse events to agents
targeting the PD-1 receptor. Eur ] Cancer (2016) 60:12-25. doi: 10.1016/
j.6jca.2016.02.010

Frontiers in Immunology

08

10.3389/fimmu.2022.946829

26. Miyagawa T, Kadono T, Masui Y, Yamada D, Saigusa R, Numajiri H, et al.
Nivolumab-induced vitiligo successfully treated with narrowband UVB
phototherapy. Eur ] Dermatol (2017) 27(6):656-8. doi: 10.1684/ejd.2017.3096

27. Yun §J, Oh IJ, Park CK, Kim YC, Kim HB, Kim HK, et al. Vitiligo-like
depigmentation after pembrolizumab treatment in patients with non-small cell lung
cancer: a case report. Transl Lung Cancer Res (2020) 9(4):1585-90. doi: 10.21037/tlcr-20-386

28. Taieb A, Picardo M. Clinical practice. vitiligo. N Engl ] Med (2009) 360
(2):160-9. doi: 10.1056/NEJMcp0804388

29. Liu RC, Consuegra G, Chou S, Fernandez Penas P. Vitiligo-like
depigmentation in oncology patients treated with immunotherapies for
nonmelanoma metastatic cancers. Clin Exp Dermatol (2019) 44(6):643-6.
doi: 10.1111/ced.13867

30. Hasan Ali O, Diem S, Markert E, Jochum W, Kerl K, French LE, et al.
Characterization of nivolumab-associated skin reactions in patients with metastatic
non-small cell lung cancer. Oncoimmunology (2016) 5(11):21231292. doi: 10.1080/
2162402x.2016.1231292

31. Lo JA, Fisher DE, Flaherty KT. Prognostic significance of cutaneous adverse
events associated with pembrolizumab therapy. JAMA Oncol (2015) 1(9):1340-1.
doi: 10.1001/jamaoncol.2015.2274

32. Sanlorenzo M, Vujic I, Daud A, Algazi A, Gubens M, Luna SA, et al.
Pembrolizumab cutaneous adverse events and their association with disease
progression. JAMA Dermatol (2015) 151(11):1206-12. doi: 10.1001/
jamadermatol.2015.1916

33. Lai LG, Xu AE. In vivo reflectance confocal microscopy imaging of vitiligo,
nevus depigmentosus and nevus anemicus. Skin Res Technol (2011) 17(4):404-10.
doi: 10.1111/j.1600-0846.2011.00521.x

34. Yin ES, Totonchy MB, Leventhal JS. Nivolumab-associated vitiligo-like
depigmentation in a patient with acute myeloid leukemia: A novel finding. JAAD
Case Rep (2017) 3(2):90-2. doi: 10.1016/j.jdcr.2016.10.008

35. van Geel N, Lommerts ], Bekkenk M, Wolkerstorfer A, Prinsen CAC,
Eleftheriadou V, et al. Development and validation of the vitiligo extent score
(VES): an international collaborative initiative. J Invest Dermatol (2016) 136
(5):978-84. doi: 10.1016/j.jid.2015.12.040

36. van Geel N, Bekkenk M, Lommerts JE, Ezzedine K, Harris ], Hamzavi I, et al.
The vitiligo extent score (VES) and the VESplus are responsive instruments to
assess global and regional treatment response in patients with vitiligo. ] Am Acad
Dermatol (2018) 79(2):369-71. doi: 10.1016/j.jaad.2017.12.070

frontiersin.org


https://doi.org/10.1016/j.jaad.2015.10.029
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1093/annonc/mdx286
https://doi.org/10.1093/annonc/mdx286
https://doi.org/10.1001/jamadermatol.2015.2707
https://doi.org/10.1001/jamadermatol.2015.2707
https://doi.org/10.1371/journal.pone.0037513
https://doi.org/10.1371/journal.pone.0037513
https://doi.org/10.1111/j.1755-148X.2010.00688.x
https://doi.org/10.1111/j.1755-148X.2010.00688.x
https://doi.org/10.1097/md.0000000000013810
https://doi.org/10.1684/ejd.2014.2436
https://doi.org/10.1684/ejd.2014.2436
https://doi.org/10.1016/j.jaad.2016.10.044
https://doi.org/10.1016/j.ejca.2016.02.010
https://doi.org/10.1016/j.ejca.2016.02.010
https://doi.org/10.1684/ejd.2017.3096
https://doi.org/10.21037/tlcr-20-386
https://doi.org/10.1056/NEJMcp0804388
https://doi.org/10.1111/ced.13867
https://doi.org/10.1080/2162402x.2016.1231292
https://doi.org/10.1080/2162402x.2016.1231292
https://doi.org/10.1001/jamaoncol.2015.2274
https://doi.org/10.1001/jamadermatol.2015.1916
https://doi.org/10.1001/jamadermatol.2015.1916
https://doi.org/10.1111/j.1600-0846.2011.00521.x
https://doi.org/10.1016/j.jdcr.2016.10.008
https://doi.org/10.1016/j.jid.2015.12.040
https://doi.org/10.1016/j.jaad.2017.12.070
https://doi.org/10.3389/fimmu.2022.946829
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The time window for the reversal of depigmentation from aggravation to recovery in a non-small-cell lung cancer patient with pre-existing vitiligo using anti-programmed cell death-1 therapy: A case report
	Introduction
	Case description
	Phase 1: Vitiligo aggravated with the application of anti-PD-1 antibody
	Phase 2: Vitiligo recovery after discontinuation of the anti-PD-1 antibody

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


