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Background: Immune checkpoint inhibitors (ICls) have shown clinical benefit in many
advanced tumors, however, pseudo-progression is a noted phenomenon of ICls
characterized by radiologic enlargement of the tumor burden, followed by regression.
How to differentiate pseudo-progression from progression remains a critical clinical issue.
Recent studies have demonstrated the association between immune-related adverse
events (rAEs) and efficacy of ICls. Here we demonstrated an ovarian cancer patient
treated with nivolumab in whom the early-onset irAE was identified to differentiate
pseudo-progression from progression.

Case presentation: Here we present the case of a 47-years-old woman with
histopathologically confirmed diagnosis of metastatic ovarian cystadenocarcinoma.
Immunohistochemical examination showed 10% of tumor cells to express the
programmed cell death receptor ligand 1 (PD-L1) and a 381-gene panel sequencing in a
College of American Pathologists (CAP) certificated lab revealed a moderate mutational
tumor burden with 5.7 Mutants/Mb. The patient received nivolumab 100 mg every 2
weeks as a fourth line treatment. Within the first 2 months, the tumor volume increased by
23.6%. However, the patient experienced an elevation of Alanine aminotransferase (ALT)
and Aspartate aminotransmerase (AST), which was diagnosed as the immune-related
hepatitis. Thus, the treatment continued and afterwards, the patient reached a partial
response (PR) to nivolumab and the progression-free survival was 9 months.

Conclusion: To our knowledge, this is the first case describing early-onset
immune-related adverse events to identify pseudo-progression in a patient with ovarian
cancer treated with nivolumab, and PD-L1 expression level may be a predictive biomarker
in the immunotherapy of ovarian cancer.
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BACKGROUND

In the past decades, the immune checkpoint inhibitors
(ICIs) have provided a new therapeutic strategy for cancer
patients with promising activity and manageable toxicity (1).
Immunotherapy has become a standard of care for multiple
cancer types including non-small-cell lung cancer, melanoma,
renal cell carcinoma and bladder cancer (2). During the
ICIs therapy, pseudo-progression is a special response pattern
in patients who experienced delayed tumor regression after
initial radiographic progression. Pseudo-progression was first
found in the research of melanoma with the anti-cytotoxicT-
lymphocyte-associatedprotein 4 (CTLA4) inhibitor (3), then
in the studies of programmed cell death receptor 1 (PD-
1) antibody including nivolumab and pembrolizumab (4). In
the clinical trials, the incidences of pseudoprogression are
0.6-5.8, 1.5-7.1, 6.9, and 1.1% in non-small-cell lung cancer,
urothelial carcinoma, mesothelioma, and Merkel cell carcinoma,
respectively. In general, pseudo-progression is identified by
tumor burden increase pathologically and performance status
of patients (5). However, radiological evidence and physical
condition are not sufficient for clinicians to differentiate pseudo-
progression from real progression.

ICIs can lead to loss of self-tolerance and increased activation
of T-effector cells, resulting in tumor cell death. The loss of
self-tolerance also leads to autoimmune cytotoxicities, named
immune-related adverse events (irAEs). Overall, the incidence of
irAEs with anti-PD-1 treatments is ~25% (6). Common irAEs
include dermatitis and thyroiditis. Less common but potentially
more serious irAEs include pneumonitis, colitis, hepatitis,
nephritis, hypophysitis, adrenalitis, and myositis (7). irAEs are
beyond common side effects that require treatment, they also
open windows for clinicians to predict the efficacy of ICIs. Recent
studies have demonstrated the association between irAEs and
improved clinical outcomes in various tumor types (8-13). In
non-small cell lung cancer (NSCLC) treated with nivolumab,
the progressive-free survival (PFS) and overall survival (OS) was
longer in patients with irAE occurring within 6 weeks post-
treatment than those without irAE (9).

Thus early onset irAEs may also provide a tool to differentiate
pseudo-progression from progression. However, whether early
onset irAEs could be used to identify pseudo-progression
remains to be studied.

CASE PRESENTATION

In this case, a 47-years-old woman patient was admitted to
Ningbo Women and Children’s hospital due to the sustaining
fever, fatigue, abdominal bulge, chest distress and short breath
in September, 2018. The patient was previously diagnosed with
ovarian cystadenocarcinoma associated with omental metastasis.
Before here, the patient underwent transabdominal epifascial
hysterectomy, double adnexectomy, greater omentectomy,
appendicectomy, and cytoreductive surgery, then after relapse
arboplatin/cisplatin plus paclitaxel, albumin paclitaxel plus
bevacizumab and gemcitabine plus bevacizumab were treated
in turn. However, the patient was less able to tolerate the

chemotherapy. In our department, the radiological images
showed post-operative changes of ovarian cancer, including
multiple soft tissue masses in pelvis, the localized thickening
of the intestinal wall and soft tissue nodules in the lower
abdominal wall.

To seek for other potential therapeutic opportunities, the
patient received a next generation sequencing (NGS) using
a 381-gene panel performed in a CAP-certificated lab and
immunohistochemistry (IHC) detection of PD-L1 expression
during symptomatic support treatment. NGS results indicated
that the tumor mutation burden (TMB) was 5.65 Mutants/Mb
and THC results indicated that the fraction of tumor cells that
expressed PD-L1 was around 10%.

According to the THC results, the patient received nivolumab
therapy 100mg every 2 weeks since September, 2018. Within
the first 2 months of treatment, computed tomography (CT)
results showed that the tumor size was increased from 57.67 x
43.51 to 71.30 x 50.62 mm (Figures 1A,B) and an unconfirmed
progression was observed according to Immune Response
Evaluation Criteria in Solid Tumors (iRECIST) criteria (14).
However, the patient experienced an elevation of Alanine
aminotransferase (ALT) and Aspartate aminotransmerase (AST)
(Figure 2), which was diagnosed as the immune-related hepatitis
according to CTCAE grading system (15). According to literature
research showing the association between irAEs and efficacy,
the presence of liver irAE might suggest that the patient might
be benefiting from immunotherapy even though the tumor was
enlarged. So we considered that the patient might experience a
pseudo-progression and continued the treatment of nivolumab.
Also the tumor biomarker cancer antigen 125 (CA-125) dropped
from 103.1 to 50.2 U/mL (Figure 3).

In January 2019, after 4 months treatment of nivolumab, the
fatigue symptom of the patient was dramatically improved, and
the tumor size was decreased with a shrinkage of about 50.7%
compared with the size before the treatment. It was concluded
that the patient reached a partial response (PR) (Figure 1C). The
CA-125 remained plateau during the treatment and increased on
June 21st (Figure 3), in accordance with the increase of tumor
size in the CT results (Figure 1D). The progression-free survival
was about 9 months.

Regarding side effects, the patient experienced a treatment
related fever with 40.2°C after the first administration. By
physical cooling, the body temperature returned to normal
gradually. On November 28th, 2018, methylprednisolone (40 mg,
every 12h) was injected intravenously to treat the hepatitis.
The ALT and AST gradually returned to normal (Figure 2). In
general, the side effects of nivolumab were manageable.

DISCUSSION

Pseudo-progression is defined by radiologic enlargement of
the tumor burden, followed by regression (16). Patients with
solid tumors may be accompanied with pseudo-progression
during the immunotherapy. Hodi et al. reported that 4 of 107
patients with metastatic melanoma treated with nivolumab
had an unconventional response patterns indicative of
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FIGURE 1 | Computed tomography of the ovary before and after initiation of nivolumab treatment. (A) Tumor status before treatment, (B) Pseudo-progression within
the first 2 months of treatment, (C) Partial response after treatment, (D) Progression.
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pseudo-progression (17). Another study found that 2 of 41
patients with non-small-cell lung cancer treated with ICIs
were classified as having radiologic progression initially
and then experienced tumor regression (18). Although the
underlying mechanism of pseudo-progression is unclear,
immunocyte infiltration may be involved in the formation of
pseudo-progression, which result in the enlargement of tumors.

How to distinguish pseudo-progression from progression
of immunotherapy has drawn great attention of clinicians.
However, there is no good solution to this problem. In the study
by Nishino et al., three advanced melanoma patients treated
with pembrolizumab had target lesion increase with subsequent
response. Before delayed tumor shrinkage, all these patients
experienced two or more consecutive radiologic scans during the
timeframe of minimum 4 weeks, thus confirming progression
disease (19). Therefore, imaging examinations alone might not
be enough to identify pseudo-progression and could be risky
for patients.

In our report, we used early-onset irAEs as a predictor to
differentiate psedo-progression to progression. The appearance
and development of irAEs strongly correlates with survival

benefit. In Osorio’s cohort, thyroid dysfunction during
pembrolizumab treatment of NSCLC was common and was
characterized by early-onset (10/51, 21%). Ten patients (21%)
with NSCLC treated with pembrolizumab developed thyroid
dysfunction. In patients who developed thyroid dysfunction,
the median OS on pembrolizumab was significantly longer than
those without thyroid dysfunction (8). Haratani also investigated
that the irAE profile and its association with clinical activity for
nivolumab in NSCLC (9). Of 134 NSCLC patients treated with
nivolumab, 43 patients (32%) occurred skin irAEs, 12 patients
(9%) occurred astrointestinal irAEs, 7 patients (5%) occurred
hepatobiliary irAEs, and 11 patients (8%) occurred other irAEs
including fatigue, appetite loss, polyarthritis, and myasthenia
gravis. The results revealed that any irAEs were associated with
nivolumab efficacy in patients with NSCLC. So was the results of
Teraokas study (11). The association between irAEs and survival
was also previously observed in melanoma patients treated with
immunotherapy. The development of cutaneous irAEs, especially
of hypopigmentation in patients with melanoma, could point
toward better treatment response. A statistically significant OS
difference was noted among melanoma patients with any grade of
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FIGURE 2 | Course of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in serum in relation to applied therapies; course of
biochemical markers over time.
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FIGURE 3 | Course of cancer antigen 125 (CA-125) levels in relation to

applied therapies; course of tumor markers over time. Arrows indicate
application of nivolumab therapy.

irAE vs. those without (12, 13). Pan-cancer analysis revealed that
lichenoid and spongiotic dermatitis associated with PD-1/PD-L1
inhibitors could improve oncologic outcomes (10). However,
the mechanisms underlying the association of irAEs with
outcome of treatment with PD-1/PD-L1 inhibitors remains to
be determined. Taken together, early-onset irAEs may be used as
an indicator that patients may benefit from immunotherapy. In
the case, we observed a radiologic enlargement of tumor within
the first 2 months of treatment, accompanied by an elevation
of AST and ALT. We considered the elevation of AST and ALT
as immune-related hepatitis. The presence of immune-related
hepatitis suggested that the patient might be benefiting from
immunotherapy. Thus, we considered the enlargement of tumor
site as pseudo-progression instead of progression and continued

the treatment. After 4 months of nivolumab treatment, the
patient reached a PR, further confirmed our judgment.

irAEs can occur within the first few weeks to months
after treatment, even after treatment discontinuation (20). The
incidence of irAEs of any grade and severe grade in patients
treated with anti-PD-1/PD-L1 agents was 38.50 and 4.81%,
respectively. Commonly recognized irAEs included endocrine
dysfunction, diarrhea (9.47%), AST increase (3.39%), vitiligo
(3.26%), ALT increase (3.14%), pneumonitis (2.79%), colitis
(1.24%), bilirubin increase (1.05%), hepatitis (0.85%), and uveitis
(0.29%). Among the endocrine dysfunctions, the most frequent
all grade adverse events were hypothyroidism (6.07%) and
hyperthyroidism (2.82%), followed by hyperglycemia (1.20%),
thyroiditis (0.75%), and adrenal insufficiency (0.69%) (21).

Ovarian cancer, the second most common gynecological
cancer, is the leading cause of death from gynecological cancers
(22). The immune checkpoint inhibitors have not been approved
by Food and Drug administration (FDA) for ovarian cancer. The
study of immunotherapy in ovarian cancer is limited to clinical
trials with small sample sizes. In a phase II trial of 20 patients
with ovarian cancer, the ORR of nivolumab was 15%, the median
OS was 20.0 months (23). In Keynote 100, the median PFS and
OS were 2.1 and 17.6 months, respectively (24). In JAVELIN
study, the median OS of avelumab was 11.2 months (25). Only
a small subset of patients with ovarian cancer may respond to
immune checkpoint inhibitors, making it of great significance to
identify patients who may respond. The results were far from
satisfied, thus whether nivolumab is effective in ovarian cancer
and what kind of patients would respond to nivolumab need to
be further studied.

Immunohistochemical examination revealed 10% of tumor
cells to express the PD-L1. PD-L1 expression has been approved
as a predictive biomarker in non-small cell lung cancer (NSCLC)
by FDA. In KEYNOTE 042 trial, the OS was 39.3 vs. 28.0% in
PD-L1+4 (>1%) vs. PD-L1- (<1%) NSCLC patients, and PD-
L1+ (>1%) patients reached a medium OS of 20 months (26). In
melanoma and bladder cancer, the higher the expression of PD-
L1, the greater the therapeutic effect. For ovarian cancer studies,
the medium OS of avelumab was 13.8 vs. 7.0 months in PD-L1+
(>1%) vs. PD-L1- (<1%) patients, and nivolumab reached an
ORR of 15% and the median OS of 20.0 months, irrespective of
PD-L1 expression (23). In this case, the patient had a positive
expression of PD-L1 and reached a PR, which suggested that PD-
L1 expression level may also be a potential biomarker for immune
checkpoint inhibitors in ovarian cancer.

CONCLUSION

In conclusion, this is the first case identifying pseudo-progression
by early onset immune-related adverse event, and PD-L1
expression may be a potential biomarker for immunotherapy in
ovarian cancer. Nivolumab demonstrated encouraging clinical
efficacy and tolerability in an ovarian cancer patient with PD-
L1 positive expression after failure of multiple lines of therapies.
However, it is only a case report and the results need to be further
explored with larger sample sizes.

Frontiers in Medicine | www.frontiersin.org

July 2020 | Volume 7 | Article 366


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Lietal

irAEs Identify Pseudo-Progression of Cancer

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

HL, DZ, and XZ contributed to the data collection. XZ and XC
contributed to the paper assessment. DZ and GW contributed
to the manuscript writing. CX, BY, and LP contributed to

REFERENCES

10.

11.

12.

. Jia M, Feng W, Kang S, Zhang Y, Shen ], He J, et al. Evaluation of the

efficacy and safety of anti-PD-1 and anti-PD-L1 antibody in the treatment
of non-small cell lung cancer (NSCLC): a meta-analysis. ] Thorac Dis.
(2015) 7:455-61. doi: 10.3978/j.issn.2072-1439.2015.02.06

. Sharma P, Allison JP. The future of immune checkpoint therapy. Science.

(2015) 348:56-61. doi: 10.1126/science.aaa8172

. Wolchok JD, Saenger Y. The mechanism of anti-CTLA-4 activity and

the negative regulation of T-cell activation. Oncologist. (2008) 13:2-
9. doi: 10.1634/theoncologist.13-54-2

. Chiou VL, Burotto M. Pseudoprogression and immune-related response in

solid tumors. J Clin Oncol. (2015) 33:3541-3. doi: 10.1200/JC0O.2015.61.6870

. Baxi SS, Dunn LA, Burtness BA. Amidst the excitement: a
cautionary  tale of  immunotherapy, pseudoprogression  and
head and neck squamous cell carcinoma. Oral Oncol. (2016)

62:147-8. doi: 10.1016/j.oraloncology.2016.10.007

. Osta BE, Hu F, Sadek R, Chintalapally R, Tang SC. Not all immune-checkpoint

inhibitors are created equal: meta-analysis and systematic review of immune-
related adverse events in cancer trials. Crit Rev Oncol Hematol. (2017) 119:1-
12. doi: 10.1016/j.critrevonc.2017.09.002

. Khan S, Gerber DE. Autoimmunity, checkpoint inhibitor therapy and

immune-related adverse events: a review. Semin Cancer Biol. (2019) 64:93—
101. doi: 10.1016/j.semcancer.2019.06.012

. Osorio JC, Ni A, Chaft JE, Pollina R, Kasler MK, Stephens D, et al.

Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade
in patients with non-small-cell lung cancer. Ann Oncol. (2017) 28:583-
9. doi: 10.1093/annonc/mdw640

. Haratani K, Hayashi H, Chiba Y, Kudo K, Yonesaka K, Kato R,

et al. Association of immune-related adverse events with nivolumab
efficacy in non-small-cell lung cancer. JAMA Oncol. (2018) 4:374-
8. doi: 10.1001/jamaoncol.2017.2925

Min Lee CK, Li S, Tran DC, Zhu GA, Kim J, Kwong BY, et al
Characterization of dermatitis after PD-1/PD-L1 inhibitor therapy and
association with multiple oncologic outcomes: a retrospective case-control
study. ] Am Acad Dermatol. (2018) 79:1047-52. doi: 10.1016/j.jaad.2018.
05.035

Teraoka S, Fujimoto D, Morimoto T, Kawachi H, Ito M, Sato Y,
et al. Early immune-related
outcome in advanced non-small cell lung cancer patients treated
with nivolumab: a prospective cohort study. J Thorac Oncol. (2017)
12:1798-805. doi: 10.1016/j.jtho.2017.08.022

Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber JS.
Nivolumab in resected and unresectable metastatic melanoma: characteristics
of immune-related adverse events and association with outcomes. Clin Cancer
Res. (2016) 22:886-94. doi: 10.1158/1078-0432.CCR-15-1136

adverse events and association with

the formal analysis. JC contributed to the manuscript revising.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by the Natural Science Foundation of
Ningbo (Nos. 2012A610199 and 2011A610053) and the Natural
Science Foundation of Ningbo Yinzhou District technology and
science project Yinke-2013-107.

ACKNOWLEDGMENTS

The authors would like to thank all members of the study team,
the patient and her family.

20.

21.

22.

23.

. Martina S, Igor V, Adil D, Alain A, Matthew G, Sara
Alcantara L, et al. Pembrolizumab cutaneous adverse events
and  their  association  with  disease  progression.  JAMA
Dermatol. ~ (2015)  151:1206-12.  doi: ~ 10.1001/jamadermatol.2015.
1916
Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz
LH, Mandrekar S, et al. iRECIST: guidelines for response
criteria  for use in trials testing immunotherapeutics. Lancet
Oncol. (2017) 18:143-52. doi: 10.1016/S1470-2045(17)
30074-8
Tian Y, Abu-Sbeih H, Wang Y. Immune checkpoint inhibitors-
induced  Hepatitis. ~ Adv  Exp  Med  Biol. (2018)  995:159-

64. doi: 10.1007/978-3-030-02505-2_8

Wolchok JD, Hoos A, O’Day S, Weber ]S, Hamid O, Lebbe C, et al.
Guidelines for the evaluation of immune therapy activity in solid
tumors: immune-related response criteria. Clin Cancer Res. (2009) 15:7412-
20. doi: 10.1158/1078-0432.CCR-09-1624

Stephen Hodi F, Sznol M, Kluger HM, McDermott DF, Carvajal RD,
Lawrence DP, et al. Long-term survival of ipilimumab-naive patients
(pts) with advanced melanoma (MEL) treated with Nivolumab (anti-PD-
1, BMS-936558, ONO-4538) in a phase I trial. J Clin Oncol. (2014)
32:9002. doi: 10.1200/jc0.2014.32.15_suppl.9002

Kim HK, Heo MH, Lee HS, Sun JM, Lee SH, Ahn JS, et al. Comparison
of RECIST to immune-related response criteria in patients with non-
small cell lung cancer treated with immune-checkpoint inhibitors.
Cancer Chemother Pharmacol. (2017) 80:591-8. doi: 10.1007/s00280-017-
3396-4

Nishino M, Giobbie-Hurder A, Manos MP, Bailey N, Buchbinder EI,
Ott PA, et al. Immune-related tumor response dynamics in melanoma
patients treated with pembrolizumab: identifying markers for clinical
outcome and treatment decisions. Clin Cancer Res. (2017) 23:4671-
9. doi: 10.1158/1078-0432.CCR-17-0114

Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events
associated with immune checkpoint blockade. N Engl ] Med. (2018) 378:158-
68. doi: 10.1056/NEJMral703481

Wang Y, Zhou S, Yang E Qi X, Wang X, Guan X, et al. Treatment-
related adverse events of PD-1 and PD-L1 inhibitors in clinical trials:
a systematic review and meta-analysis. JAMA Oncol. (2019) 5:1008-
19. doi: 10.1001/jamaoncol.2019.0393

Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. (2012) 12:252-64. doi: 10.1038/nrc
3239

Hamanishi J, Mandai M, Ikeda T, Minami M, Kawaguchi A, Murayama T,
et al. Safety and antitumor activity of anti-PD-1 antibody, nivolumab, in
patients with platinum-resistant ovarian cancer. J Clin Oncol. (2015) 33:4015-
22. doi: 10.1200/JC0O.2015.62.3397

Frontiers in Medicine | www.frontiersin.org

July 2020 | Volume 7 | Article 366


https://doi.org/10.3978/j.issn.2072-1439.2015.02.06
https://doi.org/10.1126/science.aaa8172
https://doi.org/10.1634/theoncologist.13-S4-2
https://doi.org/10.1200/JCO.2015.61.6870
https://doi.org/10.1016/j.oraloncology.2016.10.007
https://doi.org/10.1016/j.critrevonc.2017.09.002
https://doi.org/10.1016/j.semcancer.2019.06.012
https://doi.org/10.1093/annonc/mdw640
https://doi.org/10.1001/jamaoncol.2017.2925
https://doi.org/10.1016/j.jaad.2018.05.035
https://doi.org/10.1016/j.jtho.2017.08.022
https://doi.org/10.1158/1078-0432.CCR-15-1136
https://doi.org/10.1001/jamadermatol.2015.1916
https://doi.org/10.1016/S1470-2045(17)30074-8
https://doi.org/10.1007/978-3-030-02505-2_8
https://doi.org/10.1158/1078-0432.CCR-09-1624
https://doi.org/10.1200/jco.2014.32.15_suppl.9002
https://doi.org/10.1007/s00280-017-3396-4
https://doi.org/10.1158/1078-0432.CCR-17-0114
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.1038/nrc3239
https://doi.org/10.1200/JCO.2015.62.3397
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Lietal

irAEs Identify Pseudo-Progression of Cancer

24. Matulonis UA, Shapira-Frommer R, Santin AD, Lisyanskaya AS, Pignata
S, Vergote I, et al. Antitumor activity and safety of pembrolizumab in
patients with advanced recurrent ovarian cancer: results from the phase 2
KEYNOTE-100 study. Ann Oncol. (2019) 30:1080-7. doi: 10.1093/annonc/
mdz135

25. Disis ML, Taylor MH, Kelly K, Beck JT, Gordon M, Moore KM, et al. Efficacy
and safety of avelumab for patients with recurrent or refractory ovarian
cancer: phase 1b results from the JAVELIN solid tumor trial. JAMA Oncol.
(2019) 5:393-401. doi: 10.1001/jamaoncol.2018.6258

26. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ,
et al. Pembrolizumab versus chemotherapy for previously untreated, PD-
Ll-expressing, locally advanced or metastatic non-small-cell lung cancer
(KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial. Lancet.
(2019) 393:1819-30. doi: 10.1016/S0140-6736(18)32409-7

Conflict of Interest: DZ and GW were employed by the company 3D Medicines
Inc. Shanghai, P.R. China.

The remaining 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 © 2020 Li, Zhou, Zhang, Wang, Cheng, Xu, Yao, Pang and Chen. 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

July 2020 | Volume 7 | Article 366


https://doi.org/10.1093/annonc/mdz135
https://doi.org/10.1001/jamaoncol.2018.6258
https://doi.org/10.1016/S0140-6736(18)32409-7
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

	Early Onset Immune-Related Adverse Event to Identify Pseudo-Progression in a Patient With Ovarian Cancer Treated With Nivolumab: A Case Report and Review of the Literature
	Background
	Case Presentation
	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


