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There is limited experience of PD-1 antibody combined with other therapies in children.
We aimed to explore the antitumor activity and safety of PD-1 antibody monotherapy or
combination with other regimens in relapsed or refractory pediatric cancer. This is a
retrospective-case study conducted in two Chinese expert centers. The primary objective
of this study was to describe the overall response rate (ORR) and disease control rate
(DCR). Secondary objectives included characterizing toxicities. Of the 22 pediatric
patients with cancer who received PD-1 inhibitors, the median follow-up for all patients
after the commencement of PD-1 therapy with or without other regimens was 12.3
months (0 - 43 months). PD-1 antibody monotherapy demonstrated antitumor activity in a
population of pediatric patients with Hodgkin lymphoma (HL), with an objective response
rate (ORR) and disease control rate (DCR) of 83.3% (3CR and 2PR) and 100%,
respectively. However, no objective response was observed in patients with melanoma
or Burkitt lymphoma evaluated in this study. We reviewed responses for patients with
chemotherapy, decitabine or everolimus combination therapies with PD-1 antibodies, and
found that PD-1 antibody combined with decitabine showed potential efficacy in pediatric
patients with advanced embryonal rhabdomyosarcoma and lymphoepitheliomatoid-like
carcinoma. There were no severe treatment-related adverse events (TRAEs) directly
attributed to PD-1 antibody monotherapy in Asian pediatric patients with lower
incidence of hematologic toxicity and nonhematologic toxicity. The Grade ≥3 TRAEs
were attributed to the combination chemotherapy.
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INTRODUCTION

For pediatric patients with cancer, the standard treatment includes
surgery, nonspecific cytotoxic chemotherapy and radiotherapy (1,
2). However, the prognosis for recurrent/progressive solid tumors in
children remains unfavorable, with a 10-year OS and PFS of 24.5%
and 18.4%, respectively (3). Thus, novel development approaches
for pediatric cancers are urgently needed (4, 5). In particular,
immune checkpoint inhibitors targeting PD-1 have achieved great
success in adult patients with cancer (6–8). Currently, there is
limited experience regarding the safety and efficacy of PD-1
antibodies in pediatric patients especially in Asian populations. In
the KEYNOTE-051 study, 12 subjects of South Korea were included
but all of them received PD-1 antibody monotherapy (9), which
supports the exploration of the potential of combination therapy
with anti-PD-1 or PD-1 antibody alone in relapsed or refractory
pediatric cancer from a real-world perspective.

To date, inhibitors of pembrolizumab and nivolumab have
been respectively explored prospectively in clinical trials (9, 10)
involving pediatric patients (KEYNOTE-051 & ADVL1412). The
results indicated that pembrolizumab and nivolumab are safe and
tolerated in pediatric patients while the clinical activity is observed
in lymphoma especially in HL. However, there is no significant
single-agent activity in the common pediatric solid tumors, which
provides a basis for combinatorial therapies for PD-1 antibodies.

Toripalimab and sintilimab are two recombinant and
humanized PD-1 monoclonal antibodies that were developed
in China in 2018 (11, 12). Toripalimab has received conditional
approval in China for the treatment of unresectable or metastatic
melanoma that has failed previous systemic therapy (13) and
sintilimab has been approved for the treatment of classical HL in
patients who have relapsed or are refractory after ≥2 lines of
systemic chemotherapy (14). However, there are no reports of
their efficacy or safety for treatment in pediatric patients
with cancer.
THE EFFICACY AND SAFETY OF PD-1
ANTIBODY ALONE OR COMBINATION IN
PEDIATRIC PATIENTS WITH CANCER

To the best of our knowledge, no evidence of PD-1 antibody
combination treatment has been previously reported in Asian
pediatric patients. Recognizing the scarcity of data, we aimed to
investigate the safety and antitumor activity of combination with
anti-PD-1 or PD-1 antibody alone in pediatric cancer to capture
real-world evidence.

We conducted an observational retrospective study which
was performed at two academic medical centers (Sun Yat-sen
University Cancer Center and Nanfang Hospital, Southern
Medical University) evaluating pediatric patients who received
a PD-1 inhibitor outside of a clinical trial between 2017 and
2020. The demographic, clinical and treatment data for each
patient were obtained from retrospective electronic medical
records by investigators. The inclusion criteria were as follows:
(1) a diagnosis of pediatric malignant cancer confirmed by either
Frontiers in Immunology | www.frontiersin.org 2
radiographic features and/or pathology, and (2) initial diagnosis
≤ 18 years of age. Patients were excluded if they received a PD-1
antibody as part of a clinical trial. Our study was approved by the
Ethic Committee of Sun Yat-sen University Cancer Center.

All the patients we included had measured disease at baseline.
Responses were assessed according to RECIST 1.1 criteria (15, 16).
For patients with lymphoma, the lugano classification was also
used to evaluated response (17). The primary objective of this
study was to describe the overall response rate (ORR) and disease
control rate (DCR) on contrast enhanced CT/MRI or PET/CT.
The disease control rate was defined as the proportion of patients
who achieved a complete response (CR) or a partial response (PR)
or stable disease (SD). The ORR was defined as the proportion of
patients who achieved a CR or PR. Secondary objectives included
characterizing toxicities according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.03. We included
hematologic toxicity and nonhematologic toxicity, including
hematological index, thyroid function, gastrointestinal toxicity,
renal toxicity, hepatotoxicity, neurotoxicity, dermatologic toxicity.
Serious adverse events were defined as any event that resulted in
life threatening reactions or death, resulted in persistent disability,
prolonged an existing inpatient hospitalization, or any other
important medical event.

Twenty-two pediatric patients with cancer who received PD-1
inhibitors between 2017 and 2020 were enrolled. The median
follow-up for all patients after commencement of anti-PD-1
treatment with other therapies was 12.3 months (0 - 43
months). No patients received previous checkpoint inhibitor
therapy. The median age of all patients was 7.7 (1-15) years,
and there was a male predominance (17/22). Most patients had
at least 2 previous lines of therapy. The disease characteristics
and treatment details for each patient in the study cohort are
summarized in Supplementary Table 1.

For the patients withHodgkin lymphoma, the decrease in target
lesion size was generally sustained over time in most cases. Five of
the 6 patients withHL achieved an objective response (83.3%). The
best overall responses were 3 CR and 2 PR. Three of 6 patients with
HL had a metabolic CR, 2 of 6 had a metabolic PR and 1 had a
metabolic SDbyPET (17, 18). All patients showed a reduction from
baseline in the size of their target lesion. All 6 patients with HL
achieved disease control (100%). Among patients withHLwho had
an objective response to treatment, the mean percentage of tumor
change was −69.6% (Figure 1A). The median time to objective
response in the responders with Hodgkin lymphoma was 1 month
(range 1-3 months). At the data cutoff, only 1 of the 5 responders
with HL had ongoing responses and was still on treatment. In
addition, 3 patients had achieved disease control and discontinued
the anti-PD-1 treatment, and 2 patients with HL had progression-
free survival events (disease progression) by the data cutoff
(Figure 1B). For the 6 patients with HL, progression-free survival
at 6 months was 100%, and it was 66.7% at 12 months. No deaths
were reported in the population with HL. Patient #1 who was
diagnosed with HL has achieved CR and sustained remission for 6
months after PD-1 antibody therapy (Figure 2A). Patient #5 was
also achievedCRafter 6 cyclesofPD-1antibody therapyanddidnot
progress by the data cutoff (Figure 2B).
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For patients treated with PD-1 inhibitor combination
therapy, pathology with HL was not included. All 13 patients
relapsed or were refractory and experienced failure of standard
chemotherapy. Among the 13 patients who received
combination therapy, 9 received PD-1 antibody combined with
chemotherapy regimens, 3 received PD-1 antibody combined
with decitabine and 1 received everolimus, an mTOR inhibitor.
The results showed that only patients #10 (Supplementary
Figure 1) and #19 achieved CR after receiving anti-PD-1
combination treatment. PR was noted as the best response for
4 of the 13 patients. Interestingly, 1 of the 3 of patients who
received PD-1 antibody combined with decitabine achieved CR
and another two other patients achieved PR. At the data cutoff,
10 of the 13 (76.9%) patients achieved disease control as the best
objective response. The patients who had disease progression
eventually died by the data cutoff. The best response changes in
tumor burden and time on treatment in patients receiving
combination therapies are shown in Supplementary Figure 2.

PD-1 antibody monotherapy was well tolerated overall in
pediatric patients. There were no severe treatment-related
adverse events that were directly attributed to PD-1 antibody
monotherapy. Additionally, there were no treatment-related
Frontiers in Immunology | www.frontiersin.org 3
deaths. The full list of TRAEs in all the patients is shown in
Supplementary Table 2.

DISCUSSION

Consistent with a previous report, pediatric patients with HL
experienced clinical benefits from PD-1 antibodies (9). Of the 6
treated HL patients, 5 experienced an objective response (3
complete response, 2 partial response and 1 stable disease),
which was 60% and 80% of the ORR and DCR in the
KEYNOTE-051 trial, respectively (9). In adult HL patients, the
objective response has been reported to be 87% of relapsed or
refractory HL patients treated with nivolumab (19) and 69.0% of
patients treated with pembrolizumab (20). The genetic
mechanism might be the frequent alterations in chromosome
9p24.1, which leads to overexpression of PD-L1, resulting in HL
being more susceptible to PD-1 blockade (21). There is no
evidence for the single-agent activity of PD-1 inhibitors in
pediatric melanoma. One explanation for this result might be
the distinct biological diversity between pediatric and adult
melanoma (22). Recent preliminary evidence has suggested
that alterations in TERT (23–25) and aberrant telomere
A

B

FIGURE 1 | Response characteristics and changes in tumor burden in patients receiving PD-1 inhibitor alone. (A) Shown are best percentage changes from
baseline in the sum of the longest diameter of target lesions in patients treated with PD-1 monotherapy with at least one post-baseline assessment. (B) Swimmer’s
Plot of Time on Treatment for 9 evaluable Patients treated with PD-1 monotherapy. As shown in Figure 1, no objective response was observed in patients with
melanoma or Burkitt lymphoma evaluated in this study. Stable disease was reported as the best response in patient 7. This patient had metastatic disease at the
time of enrollment and had progressed despite two palliative surgical resections. After anti-PD-1 treatment, he achieved progression free survival for 9 months.
Patient 8 progressed after treatment with 2 cycles of PD-1 antibody and the PFS was 62 days. Patient 9 achieved only 1 cycle of PD-1 antibody and progressed
rapidly. Patient #7, 8 and 9 patients had eventually died due to tumor progression.
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lengths might be key mechanisms in pediatric melanomas that
need to be validated by large patient cohorts.

For PD-1 antibody combined with other standard
chemotherapy regimens, no significant benefit was observed
except for patient #10. Chemotherapy can potentially remodel
the TME by depleting Tregs (26, 27), and increasing antigen
presentation (28), however the precise mechanism is not well
confirmed. There is some information for adult NK/T lymphoma
treated with PD-1 antibody, but no data have been reported for
NK/T lymphoma in patients under 18 years old, indicating that
the present study provides a clinical reference. Kwong et al. used
pembrolizumab in the treatment of 7 patients with relapsed and
refractory NK/T-cell lymphoma, 5 patients achieved CR, and 2
Frontiers in Immunology | www.frontiersin.org 4
patients achieved PR. The objective response rate (ORR) was
100%, which provided a new and effective salvage treatment
scheme for relapsed and refractory patients (29).

Interestingly, among the patients treated with PD-1 antibody
combinedwith decitabine, the effect was significant. The best efficacy
was PR in 2 patients and CR in 1 patient. Epigenetic reprogramming
can lead to impaired activation of anticancer immunity and protect
tumor cells from immune surveillance (30). The hypomethylating
agent decitabine is suggested to increase tumorT-cell infiltration and
the antitumor response, ultimately restoring immunosurveillance.
Nie et al. reported that decitabine plus camrelizumab (PD-1
antibody) treatment is safe and has a significantly higher CR rate in
patientswith relapsed/refractory cHL thancamrelizumabalone (32%
A

B

FIGURE 2 | Comparison of curative effect of patients before and after treatment through image examination. (A) Patient 1 who was diagnosed as the Hodgkin
lymphoma has achieved CR and sustained remission for 6 months after PD-1 inhibitor therapy. (B) Patient #5 was also achieved CR after 6 cycles of PD-1 inhibitor
therapy and did not progressed by the data cutoff.
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vs 71%, p=0.003) (31). Moreover, another study conducted in
pediatric and young adult patients with relapsed, refractory or
progressive nonprimary CNS solid tumors and lymphomas is
recruiting patients now. The study aimed to assess the safety and
antitumor activity of the combination of pembrolizumab, decitabine
and fixed-dose-hypofractionated index sited radiotherapy
(NCT03445858) (32). Thus, combinatorial approaches are likely to
be used in the future and have the potential to achieve therapeutic
success (33, 34). At present, several clinical trials of anti-PD-1
combined with other immune checkpoint inhibitors in children’s
tumors are also recruiting patients (NCT03668119, NCT 04416568,
NCT 03837899 and NCT 03470922).

In this study, we found that treatment with PD-1 antibody
alone was well tolerated in children. The patients lacked severe
AEs compared to previously published literature, which may be
due to racial differences. Yang et al. have found that the AEs of
any grade with different prevalences between Asian populations
and Western/International populations, which indicated that
Asian populations that received PD-1 inhibitors have a lower
rate incidence of fatigue, diarrhea and nausea and vomiting (35).
Another reason that could explain the lack of severe AEs is the
small number of patients who received PD-1 antibodies in the
present study. In addition, some patients have a short course of
treatment, and severe adverse effects might not be observed.

The different PD-1 antibodies and regimens patients received
also induced toxicity profiles that differed from the published data.
Wang et al. performed a systematic review and found that
nivolumab appeared to have a higher mean incidence of all grade
and grade 3 or higher adverse events than pembrolizumab (36). Li
et al. compared the toxicity profiles between different PD-1
antibodies and found that some drug-specific AEs, such as
reactive capillary hemangiomas for camrelizumab (58.6%),
hyperglycemia for toripalimab (55.6%), and pembrolizumab had
the highest incidence of grade 3–5 pneumonitis (37). However, the
mechanism and clinical significance were unclear. Our study
included patients who received sintilimab and toripalimab, both
of which exhibited specific and different binding sites to human PD-
1 compared to nivolumab and pembrolizumab (11, 38). The results
of studies such as ORIENT-1 and CHECKMATE-205 indicated
that sintilimab caused fewer toxicities in patients with r/r cHL than
nivolumab and was proven safe (14, 39). However, comparing the
safety of pembrolizumab and toripalimab in the POLARIS-01 and
KEYNOTE-151 studies, it was observed that the toxicity profile was
similar in melanoma (40, 41), with no novel adverse events
identified. Thus, more studies are needed to drive confirm this
conclusion in the future. However, we observed a greater frequency
of grade 3 or grade 4 hematological toxicity in the cases treated with
PD-1 antibody combined with chemotherapy, which we suspected
was due to the side effects of chemotherapy regimens.

Our study had several limitations. First, it was a retrospective
study with a small sample size. Patient selection bias may have
impacted the outcomes reported here, as treatment decisions were
likely influenced by previously published disease-specific PD-1
inhibitor response rates. Second, the pathological types of patients
receiving PD-1 antibody combination therapy were diverse, making
it difficult to compare the combination effects with PD-1 antibody
Frontiers in Immunology | www.frontiersin.org 5
alone. The combination effects may be the role of cytotoxic
chemotherapy but not the PD-1 antibody that drove the response
to therapy in any individual patient. Third, different patients used
different antibodies against PD-1 for various reasons,whichmay lead
to confounding factors in the analysis. Although PD-L1 expression
andmutation loadwere not evaluated in this study, high levels of PD-
L1 expression have been reported in adult (19, 42) and pediatric
patients (43) with HL. Finally, because of the retrospective nature of
the analysis, it was difficult to determine the causal relationship and
level of adverse eventsbasedon the retrospective chart and toevaluate
the safety profile.However, a phase I clinical study is being conducted
by our institution and is underway for exploring the efficacy and
safety of PD-1 antibody in patients with refractory or relapsed
pediatric cancer (NCT04400851).

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Sun Yat-sen University Cancer
Center. Written informed consent to participate in this study was
provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

YZ and YQ is responsible for the study design. YQ, JW, and JZ
wrote the manuscript. HG and YQ is responsible for clinical data
collection. JH, SL, FS, and LiaZ is responsible for the revision of
the manuscript. LiZ participated in data analysis. ZZ and RC
provided guidance in statistical analysis. XS and YZ reviewed the
manuscript for intellectual content. All authors contributed to
the article and approved the submitted version.

FUNDING

This work was supported by the Key Technology Research
Project of Guangzhou Science, Technology and Innovation
Committee (No. 201902020001) and the Guangzhou Science
and Technology project (No. 201905010004) and National
Scientific Foundation of China (No. 82002835).

ACKNOWLEDGMENTS

The authors would like to thank and acknowledge all patients for
taking part in this study and their families.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
647733/full#supplementary-material
July 2021 | Volume 12 | Article 647733

https://www.frontiersin.org/articles/10.3389/fimmu.2021.647733/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.647733/full#supplementary-material
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Que et al. PD-1 Antibody in Pediatric Patients
REFERENCES

1. Baliga S, Yock TI. Pediatric Cancer.Hematol/Oncol Clin N Am (2020) 34:143–
59. doi: 10.1016/j.hoc.2019.08.021

2. Kattner P, Strobel H, Khoshnevis N, Grunert M, Bartholomae S, Pruss M,
et al. Compare and Contrast: Pediatric Cancer Versus Adult Malignancies.
Cancer Metastasis Rev (2019) 38:673–82. doi: 10.1007/s10555-019-09836-y

3. Cho HW, Lee JW, Ma Y, Yoo KH, Sung KW, Koo HH. Treatment Outcomes
in Children and Adolescents With Relapsed or Progressed Solid Tumors: A
20-Year, Single-Center Study. J Korean Med Sci (2018) 33:e260. doi: 10.3346/
jkms.2018.33.e260

4. DuBois SG, Corson LB, Stegmaier K, Janeway KA. Ushering in the Next
Generation of Precision Trials for Pediatric Cancer. Science (2019) 363:1175–
81. doi: 10.1126/science.aaw4153

5. Ahmed AA, Vundamati DS, Farooqi MS, Guest E. Precision Medicine in
Pediatric Cancer: Current Applications and Future Prospects. High-
Throughput (2018) 7:39. doi: 10.3390/ht7040039

6. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al.
Nivolumab in Previously Untreated Melanoma Without BRAF Mutation.
New Engl J Med (2015) 372:320–30. doi: 10.1056/NEJMoa1412082

7. Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz HJ, Morse MA, et al.
Nivolumab in Patients With Metastatic DNA Mismatch Repair-Deficient or
Microsatellite Instability-High Colorectal Cancer (CheckMate 142): An
Open-Label, Multicentre, Phase 2 Study. Lancet Oncol (2017) 18:1182–91.
doi: 10.1016/S1470-2045(17)30422-9

8. Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in
Patients With Advanced Gastric or Gastro-Oesophageal Junction Cancer
Refractory to, or Intolerant of, at Least Two Previous Chemotherapy
Regimens (ONO-4538-12, ATTRACTION-2): A Randomised, Double-
Blind, Placebo-Controlled, Phase 3 Trial. Lancet (2017) 390:2461–71.
doi: 10.1016/S0140-6736(17)31827-5

9. Geoerger B, Kang HJ, Yalon-Oren M, Marshall LV, Vezina C, Pappo A, et al.
Pembrolizumab in Paediatric Patients With Advanced Melanoma or a PD-
L1-Positive, Advanced, Relapsed, or Refractory Solid Tumour or Lymphoma
(KEYNOTE-051): Interim Analysis of an Open-Label, Single-Arm, Phase 1-2
Trial. Lancet Oncol (2020) 21:121–33. doi: 10.1016/S1470-2045(19)30671-0

10. Davis KL, Fox E, Merchant MS, Reid JM, Kudgus RA, Liu X, et al. Nivolumab
in Children and Young Adults With Relapsed or Refractory Solid Tumours or
Lymphoma (ADVL1412): A Multicentre, Open-Label, Single-Arm, Phase 1-2
Trial. Lancet Oncol (2020) 21:541–50. doi: 10.1016/S1470-2045(20)30023-1

11. Keam SJ. Toripalimab: First Global Approval. Drugs (2019) 79:573–8. doi:
10.1007/s40265-019-01076-2

12. Hoy SM. Sintilimab: First Global Approval. Drugs (2019) 79:341–6. doi:
10.1007/s40265-019-1066-z

13. Tang B, Yan X, Sheng X, Si L, Cui C, Kong Y, et al. Safety and Clinical Activity
With an Anti-PD-1 Antibody JS001 in Advanced Melanoma or Urologic Cancer
Patients. J Hematol Oncol (2019) 12:7. doi: 10.1186/s13045-018-0693-2

14. Shi Y, Su H, Song Y, Jiang W, Sun X, Qian W, et al. Safety and Activity of
Sintilimab in Patients With Relapsed or Refractory Classical Hodgkin
Lymphoma (ORIENT-1): A Multicentre, Single-Arm, Phase 2 Trial. Lancet
Haematol (2019) 6:e12–9. doi: 10.1016/S2352-3026(18)30192-3

15. Schwartz LH, Seymour L, Litiere S, Ford R, Gwyther S, Mandrekar S, et al.
RECIST 1.1 - Standardisation and Disease-Specific Adaptations: Perspectives
From the RECIST Working Group. Eur J Cancer (2016) 62:138–45. doi:
10.1016/j.ejca.2016.03.082

16. Schwartz LH, Litiere S, de Vries E, Ford R, Gwyther S, Mandrekar S, et al.
RECIST 1.1-Update and Clarification: From the RECIST Committee. Eur J
Cancer (2016) 62:132–7. doi: 10.1016/j.ejca.2016.03.081

17. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et al.
Recommendations for Initial Evaluation, Staging, and Response Assessment of
Hodgkin and non-Hodgkin Lymphoma: The Lugano Classification. J Clin Oncol:
Off J Am Soc Clin Oncol (2014) 32:3059–68. doi: 10.1200/JCO.2013.54.8800

18. Cheson BD, Pfistner B, Juweid ME, Gascoyne RD, Specht L, Horning SJ, et al.
Revised Response Criteria for Malignant Lymphoma. J Clin Oncol: Off J Am
Soc Clin Oncol (2007) 25:579–86. doi: 10.1200/JCO.2006.09.2403

19. Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC, Gutierrez M, et al.
PD-1 Blockade With Nivolumab in Relapsed or Refractory Hodgkin’s
Lymphoma. New Engl J Med (2015) 372:311–9. doi: 10.1056/NEJMoa1411087
Frontiers in Immunology | www.frontiersin.org 6
20. Chen R, Zinzani PL, Fanale MA, Armand P, Johnson NA, Brice P, et al. Phase
II Study of the Efficacy and Safety of Pembrolizumab for Relapsed/Refractory
Classic Hodgkin Lymphoma. J Clin Oncol: Off J Am Soc Clin Oncol (2017)
35:2125–32. doi: 10.1200/JCO.2016.72.1316

21. Green MR, Monti S, Rodig SJ, Juszczynski P, Currie T, O’Donnell E, et al.
Integrative Analysis Reveals Selective 9p24.1 Amplification, Increased PD-1
Ligand Expression, and Further Induction via JAK2 in Nodular Sclerosing
Hodgkin Lymphoma and Primary Mediastinal Large B-Cell Lymphoma.
Blood (2010) 116:3268–77. doi: 10.1182/blood-2010-05-282780

22. Bahrami A, Barnhill RL. Pathology and Genomics of Pediatric Melanoma: A
Critical Reexamination and New Insights. Pediatr Blood Cancer (2018) 65
(2):10.1002/pbc.26792. doi: 10.1002/pbc.26792

23. Lee S, Barnhill RL, Dummer R, Dalton J, Wu J, Pappo A, et al. TERT Promoter
Mutations Are Predictive of Aggressive Clinical Behavior in Patients With
SpitzoidMelanocytic Neoplasms. Sci Rep (2015) 5:11200. doi: 10.1038/srep11200

24. Fan Y, Lee S,WuG, Easton J, Yergeau D, Dummer R, et al. Telomerase Expression
by Aberrant Methylation of the TERT Promoter in Melanoma Arising in Giant
Congenital Nevi. J Invest Dermatol (2016) 136:339–42. doi: 10.1038/JID.2015.374

25. Seynnaeve B, Lee S, Borah S, Park Y, Pappo A, Kirkwood JM, et al. Genetic
and Epigenetic Alterations of TERT Are Associated With Inferior Outcome in
Adolescent and Young Adult Patients With Melanoma. Sci Rep (2017)
7:45704. doi: 10.1038/srep45704

26. Maeda K, Hazama S, Tokuno K, Kan S, Maeda Y, Watanabe Y, et al. Impact of
Chemotherapy for Colorectal Cancer on Regulatory T-Cells and Tumor
Immunity. Anticancer Res (2011) 31:4569–74.

27. Salem ML, El-Shanshory MR, Abdou SH, Attia MS, Sobhy SM, Zidan MF,
et al. Chemotherapy Alters the Increased Numbers of Myeloid-Derived
Suppressor and Regulatory T Cells in Children With Acute Lymphoblastic
Leukemia. Immunopharmacol Immunotoxicol (2018) 40:158–67. doi: 10.1080/
08923973.2018.1424897

28. van der Most RG, Currie A, Robinson BW, Lake RA. Cranking the
Immunologic Engine With Chemotherapy: Using Context to Drive Tumor
Antigen Cross-Presentation Towards Useful Antitumor Immunity. Cancer
Res (2006) 66:601–4. doi: 10.1158/0008-5472.CAN-05-2967

29. Kwong YL, Chan TSY, Tan D, Kim SJ, Poon LM, Mow B, et al. PD1 Blockade With
Pembrolizumab is Highly Effective in Relapsed or Refractory NK/T-Cell Lymphoma
Failing L-Asparaginase. Blood (2017) 129:2437–42. doi: 10.1182/blood-2016-12-756841

30. Maio M, Covre A, Fratta E, Di Giacomo AM, Taverna P, Natali PG, et al.
Molecular Pathways: At the Crossroads of Cancer Epigenetics and
Immunotherapy. Clin Cancer Research: An Off J Am Assoc Cancer Res
(2015) 21:4040–7. doi: 10.1158/1078-0432.CCR-14-2914

31. Nie J, Wang C, Liu Y, Yang Q, Mei Q, Dong L, et al. Addition of Low-Dose
Decitabine to Anti-PD-1 Antibody Camrelizumab in Relapsed/Refractory
Classical Hodgkin Lymphoma. J Clin Oncol: Off J Am Soc Clin Oncol (2019)
37:1479–89. doi: 10.1200/JCO.18.02151

32. Turpin B, Vatner R. A Pilot Study of Pembrolizumab in Combination With
Decitabine and Hypofractionated Index Lesion Radiation in Pediatric and Young
Adult Patients With Relapsed and Refractory Solid Tumors or Lymphoma. J Clin
Oncol (2019) 37:8_suppl, TPS25-TPS25. doi: 10.1200/JCO.2019.37.8_suppl.TPS25

33. Moreno-Vicente J, Beers SA, Gray JC. PD-1/PD-L1 Blockade in Paediatric
Cancers: What Does the Future Hold? Cancer Lett (2019) 457:74–85. doi:
10.1016/j.canlet.2019.04.025

34. Wagner LM, AdamsVR. Targeting the PD-1 Pathway in Pediatric Solid Tumors and
Brain Tumors. OncoTargets Ther (2017) 10:2097–106. doi: 10.2147/OTT.S124008

35. Yang J, He X, Lv Q, Jing J, Shi H. Management of Adverse Events in Cancer
Patients Treated With PD-1/PD-L1 Blockade: Focus on Asian Populations.
Front Pharmacol (2019) 10:726. doi: 10.3389/fphar.2019.00726

36. Wang Y, Zhou S, Yang F, 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

37. Li L, Li G, Rao B, Dong AH, Liang W, Zhu JX, et al. Landscape of Immune
Checkpoint Inhibitor-Related Adverse Events in Chinese Population. Sci Rep
(2020) 10:15567. doi: 10.1038/s41598-020-72649-5

38. Wang J, Fei K, Jing H, Wu Z, WuW, Zhou S, et al. Durable Blockade of PD-1
Signaling Links Preclinical Efficacy of Sintilimab to its Clinical Benefit. mAbs
(2019) 11:1443–51. doi: 10.1080/19420862.2019.1654303

39. Younes A, Santoro A, Shipp M, Zinzani PL, Timmerman JM, Ansell S, et al.
Nivolumab for Classical Hodgkin’s Lymphoma After Failure of Both
July 2021 | Volume 12 | Article 647733

https://doi.org/10.1016/j.hoc.2019.08.021
https://doi.org/10.1007/s10555-019-09836-y
https://doi.org/10.3346/jkms.2018.33.e260
https://doi.org/10.3346/jkms.2018.33.e260
https://doi.org/10.1126/science.aaw4153
https://doi.org/10.3390/ht7040039
https://doi.org/10.1056/NEJMoa1412082
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S1470-2045(19)30671-0
https://doi.org/10.1016/S1470-2045(20)30023-1
https://doi.org/10.1007/s40265-019-01076-2
https://doi.org/10.1007/s40265-019-1066-z
https://doi.org/10.1186/s13045-018-0693-2
https://doi.org/10.1016/S2352-3026(18)30192-3
https://doi.org/10.1016/j.ejca.2016.03.082
https://doi.org/10.1016/j.ejca.2016.03.081
https://doi.org/10.1200/JCO.2013.54.8800
https://doi.org/10.1200/JCO.2006.09.2403
https://doi.org/10.1056/NEJMoa1411087
https://doi.org/10.1200/JCO.2016.72.1316
https://doi.org/10.1182/blood-2010-05-282780
https://doi.org/10.1002/pbc.26792
https://doi.org/10.1038/srep11200
https://doi.org/10.1038/JID.2015.374
https://doi.org/10.1038/srep45704
https://doi.org/10.1080/08923973.2018.1424897
https://doi.org/10.1080/08923973.2018.1424897
https://doi.org/10.1158/0008-5472.CAN-05-2967
https://doi.org/10.1182/blood-2016-12-756841
https://doi.org/10.1158/1078-0432.CCR-14-2914
https://doi.org/10.1200/JCO.18.02151
https://doi.org/10.1200/JCO.2019.37.8_suppl.TPS25
https://doi.org/10.1016/j.canlet.2019.04.025
https://doi.org/10.2147/OTT.S124008
https://doi.org/10.3389/fphar.2019.00726
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.1038/s41598-020-72649-5
https://doi.org/10.1080/19420862.2019.1654303
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Que et al. PD-1 Antibody in Pediatric Patients
Autologous Stem-Cell Transplantation and Brentuximab Vedotin: A
Multicentre, Multicohort, Single-Arm Phase 2 Trial. Lancet Oncol (2016)
17:1283–94. doi: 10.1016/S1470-2045(16)30167-X

40. Si L, Zhang X, Shu Y, Pan H, Wu D, Liu J, et al. A Phase Ib Study of
Pembrolizumab as Second-Line Therapy for Chinese Patients With Advanced
or Metastatic Melanoma (KEYNOTE-151). Trans Oncol (2019) 12:828–35.
doi: 10.1016/j.tranon.2019.02.007

41. Tang B, Chi Z, Chen Y, Liu X, Wu D, Chen J, et al. Safety, Efficacy, and
Biomarker Analysis of Toripalimab in Previously Treated Advanced
Melanoma: Results of the POLARIS-01 Multicenter Phase II Trial. Clin
Cancer Research: An Off J Am Assoc Cancer Res (2020) 26:4250–9. doi:
10.1158/1078-0432.CCR-19-3922

42. Bajaj G, Wang X, Agrawal S, Gupta M, Roy A, Feng Y. Model-Based Population
Pharmacokinetic Analysis of Nivolumab in Patients With Solid Tumors. CPT:
Pharmacometrics Syst Pharmacol (2017) 6:58–66. doi: 10.1002/psp4.12143
Frontiers in Immunology | www.frontiersin.org 7
43. Gul G, Ince D, Olgun N, Ozer E. PD-L1 and PD-L2 Mutations in Pediatric
Hodgkin Lymphoma: Do They Have Any Prognostic Significance? Fetal
Pediatr Pathol (2020) 1–9. doi: 10.1080/15513815.2020.1764680

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.

Copyright © 2021 Que, Wang, Zhu, Li, Huang, Lu, Sun, Zhang, Zhen, Zhang, Cai,
Guo, Sun and Zhang. 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.
July 2021 | Volume 12 | Article 647733

https://doi.org/10.1016/S1470-2045(16)30167-X
https://doi.org/10.1016/j.tranon.2019.02.007
https://doi.org/10.1158/1078-0432.CCR-19-3922
https://doi.org/10.1002/psp4.12143
https://doi.org/10.1080/15513815.2020.1764680
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Combination Therapy With Anti-PD-1 or PD-1 Antibody Alone in Asian Pediatric Patients With Relapsed or Refractory Cancer
	Introduction
	The Efficacy and Safety of PD-1 Antibody Alone or Combination in Pediatric Patients With Cancer
	Discussion
	Data Availability Statement 
	Ethics Statement 
	Author Contributions 
	Funding
	Acknowledgments
	Supplementary Material
	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 true
  /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 true
  /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 true
  /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


