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Recently, combination regimens based on programmed cell death-1 (PD-1) blockade have become increasingly common in clinical practice for the treatment of cancer. Such combinations significantly improve efficacy, but treatment-related adverse events have also become more complex and severe. Here, we report an acute toxic epidermal necrolysis (TEN)-like reaction in a patient with gallbladder cancer who received camrelizumab (an anti-PD-1 antibody) in combination with apatinib. Interestingly, distinct clinical and pathological characteristics were observed that differed from those of the reported cases of severe cutaneous reactions induced by anti-PD-1 antibodies alone; thus, we speculate that it was induced by the combination of camrelizumab and apatinib. It is worth noting that the TEN-like reaction showed resistance to methylprednisolone initially, which was gradually resolved after the addition of intravenous immunoglobulin (IVIg). Immunohistochemical staining revealed that the skin lesion was infiltrated by moderate numbers of CD4+ T cells and large numbers of CD8+ T cells during the progression of the TEN-like reaction, and mass cytometry by time-of-flight showed a significant reduction in the CD4+ and CD8+ T cell proportions in the peripheral blood after the rash improved. All these findings highlight the essential role of CD4+ T cells and CD8+ T cells in the TEN-like reaction induced by camrelizumab plus apatinib treatment, and we speculate that T cells, especially CD8+ T cells, attack keratinocytes. In conclusion, the TEN-like reaction induced by camrelizumab and apatinib deserves clinical attention, and further work is needed to elucidate the exact pathophysiologic mechanism as well as the optimal management strategy.
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Introduction

In recent years, immunotherapy, mostly in the form of immune checkpoint inhibitors, has progressed substantially as a treatment for different types of cancer. In particular, monoclonal antibodies targeting PD-1 provide significant clinical benefits by inducing durable regression for many types of advanced and metastatic carcinomas. However, the response rate of single-agent PD-1 blockade is only approximately 20% or lower for most advanced malignancies (1). To improve response rates, combination regimens based on PD-1 blockade are being explored, and some, such as cytotoxic T lymphocyte associated protein 4 (CTLA-4) and PD-1 dual blockades (2), chemotherapy plus PD-1 blockade (3), and anti-angiogenic tyrosine kinase inhibitors plus PD-1 blockade (4), have achieved initial success. Unfortunately, more complex and severe adverse events (AEs) often follow such combination therapies. For example, one early phase trial (5) reported that the combination of nivolumab plus pazopanib and nivolumab plus sunitinib resulted in grade 3/4 treatment-related AEs in 70% and 82% of patients, respectively, limiting future investigation of either combination regimen.

Apatinib, a selective vascular endothelial growth factor receptor-2 (VEGFR2) tyrosine kinase inhibitor (TKI), has been approved for the treatment of advanced gastric cancer in China and has also been explored in combination with an anti-PD-1 antibody, camrelizumab, with promising preliminary results against some types of solid carcinomas (6–8). Here, we reported a toxic epidermal necrolysis (TEN)-like reaction that occurred following combination treatment with camrelizumab and apatinib of a patient with metastatic gallbladder carcinoma.



Case Description

A 47-year-old man with metastatic gallbladder carcinoma developed generalized pruritic maculopapular rash three days after receiving camrelizumab (200 mg, once every 3 weeks) and apatinib (250 mg, once daily) as third-line therapy. Careful review indicated no concomitant medication had been administered in the previous four weeks and that the patient had no prior history of rash. The patient discontinued apatinib treatment after consulting his doctor. Thereafter, the pruritic rash progressed rapidly, and he was admitted to our hospital five days after the combination treatment began. The clinical diagnosis of a dermatologic immune-related adverse event (irAE) was established, and he was initially treated with 80 mg methylprednisolone (1.14 mg/kg) daily for three days; however, the rash became more extensive and severe, with most of the rash becoming blisters (Figures 1A–C). Nikolsky’s sign was positive, and the detachable superficial epidermis comprised over 30% of the body surface area. Very interestingly, the rash was particularly severe on his hands and feet with associated swelling, which caused intolerable pain (Figure 1D). The rash was much more severe in areas of compression (e.g., hip, back, and posterior aspect of the arms) (Figures 1B, C). Simultaneously, he also felt moderate fatigue and loss of appetite. All signs indicated that the rash was rapidly worsening. After discussion with a dermatology consultant, a clinical diagnosis of TEN was established, and the severity-of-illness score for toxic epidermal necrolysis (SCORTEN) was 4, with a predicted mortality rate of 58.3%, as previously reported (9). After a skin biopsy was performed, intravenous immunoglobulin (IVIg; 30 g daily) was added to his treatment regimen, and methylprednisolone was continuously administered at the previous dose.




Figure 1 | Dermatologic findings. (A–C) Initial inspection revealed generalized rash with blistering which was more severe in load-bearing areas (yellow asterisk), such as the hip, back, and posterior aspect of the arms. (D) Peripheral examination showed severe rash in the hands and feet with associated swelling. (E) Treatment with intravenous immunoglobulin gradually improved his rash.



Pathologic examination (Figure 2A) showed epidermal hyperkeratosis with intraepidermal edema and blister formation, basal and suprabasal apoptotic keratinocytes with focal confluent apoptosis, and moderate infiltration of lymphocytes around vessels in the superficial dermis. These pathological characteristics also supported the clinical diagnosis of TEN. The day when IVIg was first administered was defined as Day 1, and since then, the rash improved daily (Figure 1E). IVIg was administered for five days at a cumulative dose of 150 g (> 2 g/kg), and the methylprednisolone was tapered over approximately 1 month.




Figure 2 | Histopathologic and immunohistochemical findings. (A) Histopathologic analysis demonstrated (1) epidermal hyperkeratosis with intraepidermal edema and blister formation (2), basal and suprabasal apoptotic keratinocytes with focal confluent apoptosis, and (3) moderate perivascular lymphocytic infiltration in the superficial dermis. Immunostaining shows (B) PD-1-positive lymphocytes (anti-PD-1, ×200) and (C) no PD-L1-positive cells (anti-PD-L1, ×200). Immunostaining revealed (D) CD4+ (anti-CD4, ×200) and (E) CD8+ T cell infiltration (anti-CD8, ×200). Immunohistochemistry confirmed the absence of (F) B cells (anti-CD20, ×200) and (G) NK cells (anti-CD56, ×200).



More than a month after the diagnosis of TEN, the follow-up revealed complete resolution of the rash with associated exfoliation of the necrotic epidermis. However, a positron emission tomography-computed tomography (PET-CT) scan showed cancer progression compared to the pretreatment scan. After consultation, he received fourth-line therapy with albumin-bound paclitaxel. However, because of disease progression and severe lower limb neurotoxicity, this was discontinued after two cycles. Thereafter, the patient was discharged from the hospital based on his personal decision.



Discussion

To the best of our knowledge, this is the first report of an acute severe TEN-like reaction following combination treatment with camrelizumab and apatinib. While we cannot identify the culprit drugs with certainty, we suspect that it was the drug combination. It was unlikely that the AE was caused only by apatinib, considering that no similar toxicities have been reported about apatinib, which has been widely used to treat advanced gastric cancer in China since 2014. Compared to the previously reported severe cutaneous reactions induced by anti-PD-1 antibodies (10, 11), our case has unique clinical characteristics: 1. the patient’s skin reaction occurred much earlier and progressed rapidly; 2. the patient presented with a very severe syndrome of rash, swelling, and pain in the hands and feet; 3. the rash was more severe in the load-bearing areas (e.g., hips, back, and posterior aspect of the arms) than in other areas. Potentially consistent with these findings, hand-foot syndrome is a very common adverse reaction to apatinib commonly aggravated by wearing shoes with hard soles, which could increase the pressure on the soles of the feet. Furthermore, through immunohistochemistry (IHC) analysis of the skin biopsy sample, we identified a small number of lymphocytes that were positive for PD-1 expression, and PD-L1 expression was not detected (Figures 2B, C). This result is not consistent with previously reported data of cutaneous adverse reactions caused by anti-PD-1 therapy alone (12), in which both PD-1 and PD-L1 expression were clearly detectable. It is well known that the interaction of PD-1 and programmed death-ligand 1 (PD-L1) is very important for immunity homeostasis (13), especially in the skin, which is the most commonly targeted organ for irAE occurrence during anti-PD-1/PD-L1 therapy (14). Therefore, we strongly suspect that the skin reaction triggered by apatinib was significantly amplified by anti-PD-1 therapy. This is also evidenced by another interesting case of severe localized well-demarcated bullous eruption which was reported in a patient with renal cell carcinoma following anti-PD-1 therapy with radiotherapy (15). The adverse reaction would not have been as severe if only radiotherapy was administered. We believe that anti-PD-1 inhibitor therapy aggravated the adverse dermatologic reaction to radiotherapy, similar to that observed in our case.

Here, we reviewed previous reports of rash associated with apatinib and/or camrelizumab in PubMed with a sample size of > 40 patients (Table 1). In four clinical trials about apatinib or camrelizumab monotherapy (No. 1-4) (16–19), rash was either not reported or the incidence was <10%. However, the incidence of rash observed with the combination of camrelizumab and apatinib was much higher, at over 20% or even 30%. The most convincing comparison was that of trial No. 4 (19) versus trials No. 6 (6) and No. 8 (21), which were all clinical trials of patients with advanced hepatocellular carcinoma in China. In these studies, the incidence of grade 1 or 2 rash observed with the combination of camrelizumab and apatinib (trials No. 6 and No. 8) was much higher than that with camrelizumab monotherapy (trial No. 4), with incidence of 28.4% and 27% versus <10%. Moreover, from all the studies listed in Table 1, the combination therapy also appeared to lead to an increased incidence of grade 3 or 4 rashes than that with apatinib or camrelizumab monotherapy. These observations suggest that combination therapy with camrelizumab and apatinib increases the frequency and severity of dermatologic AEs, consistent with the findings of our case. With the increasing use of combination therapies based on PD-1 blockade, the possibility of potentially fatal grade 3/4 dermatologic AEs will also increase, which deserves further investigation.


Table 1 | Previous reports of rash following apatinib and/or camrelizumab therapy with sample sizes > 40 patients.



Further IHC analysis of the specimen indicated that the skin lesion was infiltrated by moderate numbers of CD4+ T cells (Figure 2D) and large numbers of CD8+ T cells (Figure 2E) but was not infiltrated by B cells (Figure 2F) or NK cells (Figure 2G). In addition, mass cytometry by time-of-flight (CyTOF) was used to compare the distribution of immune cell subgroups among peripheral blood mononuclear cells from Day 2 to Day 10. The t-distributed stochastic neighbor embedding (t-SNE) plots (Figure 3A) and relative log2-fold changes of the percentage for each subgroup (Figure 3B) revealed a marked reduction in the proportions of CD4+ and CD8+ T cells and stable numbers of B cells and NK cells after the rash improved on Day 10, consistent with the IHC findings. All these findings highlight the essential role of CD4+ T cells and CD8+ T cells in the progression of the TEN-like reaction induced by camrelizumab plus apatinib treatment, and we speculate that T cells, especially CD8+ T cells, attack keratinocytes, and B cells and NK cells might not have a role in this acute skin reaction. It is interesting to note that the proportion of Th1 cells within the CD4+ T cell subgroup also decreased dramatically after the rash improved (Figures 3A, B), suggesting the potential role of Th1 cells. This was consistent with a previous preclinical study demonstrating that PD-1 inhibition induces Th1/Th17 responses while producing fewer Th2 responses in patients with cancer (23). We also observed that the proportions of γδ T cells, conventional dendritic cells, and basophils in the peripheral blood decreased on Day 10, which also suggest a potential contribution of these immune cells to the pathogenesis of cutaneous adverse reactions. However, the exact pathophysiology of this condition remains unclear.




Figure 3 | (A) t-distributed stochastic neighbor embedding images of immune cell subgroups in the peripheral blood of the patient on Day 2 and Day 10. (B) The relative log2-fold changes of the percentages for each immune cell subgroup reveals a significant reduction of CD4+ and CD8+ T cells with stable levels of B cells and NK cells on Day 10. (C) Cytometric bead array demonstrated a significant reduction of IL-2, IL-4, IL-6, IL-10, IL-17A, and TNF-α levels and slight elevation of IFN-γ levels on Day 10.



The diagnosis of this case was challenging. It was crucial to exclude bullous lichenoid dermatitis because it can also present with bullous lesions. Moreover, it has been reported that lichenoid dermatitis induced by immune checkpoint inhibitors (ICI) has diverse clinical manifestations, with some cases showing bullous lesions (24) However, in terms of clinical manifestations, the patient did not present with lichenoid morphology throughout the course of the illness. In terms of pathology, TEN is mainly characterized by significant epidermal necrosis, while bullous lichenoid dermatitis (including those induced by anti-PD-1 therapy) is mainly characterized by typical lichenoid/interface dermatitis (25). Although apoptotic keratinocytes can also be present in the pathology of lichenoid dermatitis, significant full-thickness epidermal necrosis does not occur. Additionally, both classic and ICI-induced lichenoid dermatitis tend to have a later onset and a longer disease course (24, 26) Therefore, lichenoid dermatitis was unlikely in the patient. Nevertheless, different from classic TEN, our case, which was likely induced by camrelizumab plus apatinib, did not present with mucosal involvement and prodromal fever, and the distribution of his rash was unique, so the patient was diagnosed with a TEN-like reaction.

The treatment of this case is also worth discussing. In classic TEN, many cytotoxic T lymphocytes (CTL) associated cytokines, chemokines, or cytotoxic proteins are involved in epidermal necrolysis, especially granulysin (27) and TNF-α (28), and the interaction between Fas and Fas ligand (FasL) also participates in the process but is not the main pathomechanism. To this patient with a TEN-like reaction and glucocorticoid resistance, IVIg was administered; subsequently, surprisingly good results were achieved. Based on the previous studies on classic TEN (29), one possible mechanism is that IVIg contains anti-Fas antibodies, which could block the FasL-mediated apoptosis of keratinocytes. Therefore, we hypothesized that the severe skin reaction induced by apatinib and camrelizumab has a pathological mechanism that is not completely consistent with the classic TEN, and perhaps the interaction between Fas-FasL plays a key role. In a line with this, we speculated the T cells, especially CD8+ T cells (CTL), attack keratinocytes, and as is known, Fas-FasL is an major pathway for both CD4+ T cell- (30) and CD8+ T cell- mediated (31) cytotoxicity.

The contribution of methylprednisolone to the improvement of the rash should not be overlooked either. In our case, cytometric bead array (CBA) was used to compare the concentrations of seven cytokines (IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-α, and IFN-γ) in the peripheral blood between Day 2 and Day 10. On Day 10, the levels of all cytokines except IFN-γ significantly decreased (Figure 3C), concomitant with the improvement of rash. These findings might be attributed to the use of methylprednisolone, as a previous study demonstrated that methylprednisolone could decrease the peripheral cytokine levels (i.e., IL-4, IL-6, IL-10, IL-17, IFN-γ, and TNF-α) in patients with rheumatoid arthritis (32). Moreover, it might be possible that IFN-γ levels on Day 2 had decreased significantly because during that time, methylprednisolone had already been used for four days.

Another topic worth discussing is the discontinuation of the anti-PD-1 therapy. Undoubtedly, continuing anti-PD-1 therapy may re-induce severe skin reactions, but on the other hand, emerging data suggest that the development of cutaneous toxicity may correlate with effective response to ICI therapy in patients with metastatic melanoma (33, 34). In fact, cutaneous irAEs could be a surrogate for clinical benefit. Therefore, it would be important that the ICI therapy is continued despite cutaneous toxicities, particularly because they can be managed without the discontinuation of therapy. The PET-CT scan showed disease progression; however, the continuation of ICI therapy might have resulted in the stabilization of the disease, and even reduction of the tumor burden. In fact, delayed clinical responses, such as an increase in total tumor burden (pseudoprogression) followed by tumor regression have often been observed in studies of immunotherapeutic agents since these agents may require additional time to achieve measurable or sustained clinical effects compared to traditional cytotoxic chemotherapy (35).

Currently, a variety of PD-1-based combination regimens have emerged, most of which demonstrated better clinical efficacy, but were always accompanied with increased toxicities. Consistent with this, a meta-analysis of nivolumab plus ipilimumab combination therapy raised the issue that the deleterious effects of severe irAEs might outweigh the benefit from the addition of ipilimumab (36). Recently, however, Kleef et al. demonstrated that the use of off-label low doses of nivolumab and ipilimumab in a combined treatment resulted in irAEs that were significantly safer than those observed upon following the established protocols without compromising efficacy (37). This may also give us a clue: it is important to design a rational combination regimen to reduce adverse events without compromising efficacy, or with even improving the anti-tumor effect.

In conclusion, we reported the first acute TEN-like reaction likely induced by the combination of camrelizumab and apatinib, which showed resistance to methylprednisolone but was gradually resolved after the addition of IVIg. According to the pathological analysis and examination of the changes of the immune cell subgroups in the peripheral blood, we speculate that T cells, especially CD8+ T cells, attack keratinocytes. Further work is needed to elucidate the exact pathophysiologic mechanism as well as the optimal management strategy. 



Patient Perspective

Written informed consent for the publication was obtained from the patient. From patient perspective, he was not satisfied with the combination therapy of apatinib and camrelizumab, not only because the tumor was not under control, but also because of the fear of the rash. However, the patient was very satisfied with the treatment of the rash. Although the rash developed rapidly during the initial phase of methylprednisolone therapy and caused great anxiety and fear, it gradually improved after the addition of IVIg, without significant treatment-related adverse reactions.



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 authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Henan Cancer Hospital Medical Ethics Committee. 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

YY and JL collected data and wrote the manuscript. ZW conceived and corrected the manuscript. BT reviewed and edited the manuscript. HH and TL performed the immunostaining and cytokine detection work, respectively. All authors commented on and corrected the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Henan Medical Science and Technology Research Plan (Grant No. LHGJ20190646), the National Natural Science Foundation of China (Grant No. 81972690, 81000914, and 81272526), the Medical Science and Technology Research Project of Health Commission of Henan Province (2018010033) and the Henan Provincial Scientific and Technological Project (212102310750). The funding bodies played no role in the design of the study; the collection, analysis, and interpretation of data; or manuscript preparation.



Acknowledgments

We would like to thank the patient and her family for their cooperation.



Abbreviations

AEs, Adverse events; CBA, Cytometric bead array; CTL, Cytotoxic T lymphocytes; CTLA-4, Cytotoxic T lymphocyte associated protein 4; CyTOF, Mass cytometry by time-of-flight; ICI, Immune checkpoint inhibitors; irAE, Immune-related adverse event; IHC, Immunohistochemistry; PBMC, Peripheral blood mononuclear cells; PET-CT, Positron emission tomography-computed tomography; PD-1, Programmed cell death-1; SCORTEN, Severity-of-illness score for toxic epidermal necrolysis; t-SNE, t-distributed stochastic neighbor embedding; TEN, Toxic epidermal necrolysis; TKI, Tyrosine kinase inhibitor; VEGFR2, Vascular endothelial growth factor receptor-2.



References

1. Wu, X, Gu, Z, Chen, Y, Chen, B, Chen, W, Weng, L, et al. Application of PD-1 Blockade in Cancer Immunotherapy. Comput Struct Biotechnol J (2019) 17:661–74. doi: 10.1016/j.csbj.2019.03.006

2. Larkin, J, Chiarion-Sileni, V, Gonzalez, R, Grob, JJ, Cowey, CL, Lao, CD, et al. Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma. N Engl J Med (2015) 373:23–34. doi: 10.1056/NEJMoa1504030

3. Paz-Ares, L, Luft, A, Vicente, D, Tafreshi, A, Gumus, M, Mazieres, J, et al. Pembrolizumab Plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N Engl J Med (2018) 379:2040–51. doi: 10.1056/NEJMoa1810865

4. Fukuoka, S, Hara, H, Takahashi, N, Kojima, T, Kawazoe, A, Asayama, M, et al. Regorafenib Plus Nivolumab in Patients With Advanced Gastric or Colorectal Cancer: An Open-Label, Dose-Escalation, and Dose-Expansion Phase Ib Trial (REGONIVO, Epoc1603). J Clin Oncol (2020) 38:2053–61. doi: 10.1200/JCO.19.03296

5. Amin, A, Plimack, ER, Ernstoff, MS, Lewis, LD, Bauer, TM, McDermott, DF, et al. Safety and Efficacy of Nivolumab in Combination With Sunitinib or Pazopanib in Advanced or Metastatic Renal Cell Carcinoma: The CheckMate 016 Study. J Immunother Cancer (2018) 6:109. doi: 10.1186/s40425-018-0420-0

6. Xu, J, Shen, J, Gu, S, Zhang, Y, Wu, L, Wu, J, et al. Camrelizumab in Combination With Apatinib in Patients With Advanced Hepatocellular Carcinoma (RESCUE): A Nonrandomized, Open-Label, Phase II Trial. Clin Cancer Res (2021) 27:1003–11. doi: 10.1158/1078-0432.CCR-20-2571

7. Zhou, C, Wang, Y, Zhao, J, Chen, G, Liu, Z, Gu, K, et al. Efficacy and Biomarker Analysis of Camrelizumab in Combination With Apatinib in Patients With Advanced Nonsquamous NSCLC Previously Treated With Chemotherapy. Clin Cancer Res (2021) 27:1296–304. doi: 10.1158/1078-0432.CCR-20-3136

8. Lan, C, Shen, J, Wang, Y, Li, J, Liu, Z, He, M, et al. Camrelizumab Plus Apatinib in Patients With Advanced Cervical Cancer (CLAP): A Multicenter, Open-Label, Single-Arm, Phase II Trial. J Clin Oncol (2020) 38:4095–106. doi: 10.1200/JCO.20.01920

9. Bastuji-Garin, S, Fouchard, N, Bertocchi, M, Roujeau, JC, Revuz, J, and Wolkenstein, P. SCORTEN: A Severity-of-Illness Score for Toxic Epidermal Necrolysis. J Invest Dermatol (2000) 115:149–53. doi: 10.1046/j.1523-1747.2000.00061.x

10. He, C, Si, X, Zhang, L, Xu, Y, and Qu, T. Immune Checkpoint Inhibitor-Related Epidermal Necrolysis: A Rare Condition With Poor Prognosis. Eur J Cancer (2021) 145:194–6. doi: 10.1016/j.ejca.2020.12.018

11. Maloney, NJ, Ravi, V, Cheng, K, Bach, DQ, and Worswick, S. Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis-Like Reactions to Checkpoint Inhibitors: A Systematic Review. Int J Dermatol (2020) 59:e183–8. doi: 10.1111/ijd.14811

12. Goldinger, SM, Stieger, P, Meier, B, Micaletto, S, Contassot, E, French, LE, et al. Cytotoxic Cutaneous Adverse Drug Reactions During Anti-PD-1 Therapy. Clin Cancer Res (2016) 22:4023–9. doi: 10.1158/1078-0432.CCR-15-2872

13. Buchbinder, EI, and Desai, A. CTLA-4 and PD-1 Pathways: Similarities, Differences, and Implications of Their Inhibition. Am J Clin Oncol (2016) 39:98–106. doi: 10.1097/COC.0000000000000239

14. Geisler, AN, Phillips, GS, Barrios, DM, Wu, J, Leung, D, Moy, AP, et al. Immune Checkpoint Inhibitor-Related Dermatologic Adverse Events. J Am Acad Dermatol (2020) 83:1255–68. doi: 10.1016/j.jaad.2020.03.132

15. Saw, S, Lee, HY, and Ng, QS. Pembrolizumab-Induced Stevens-Johnson Syndrome in Non-Melanoma Patients. Eur J Cancer (2017) 81:237–9. doi: 10.1016/j.ejca.2017.03.026

16. Hu, X, Zhang, J, Xu, B, Jiang, Z, Ragaz, J, Tong, Z, et al. Multicenter Phase II Study of Apatinib, a Novel VEGFR Inhibitor in Heavily Pretreated Patients With Metastatic Triple-Negative Breast Cancer. Int J Cancer (2014) 135:1961–9. doi: 10.1002/ijc.28829

17. Li, J, Qin, S, Xu, J, Xiong, J, Wu, C, Bai, Y, et al. Randomized, Double-Blind, Placebo-Controlled Phase III Trial of Apatinib in Patients With Chemotherapy-Refractory Advanced or Metastatic Adenocarcinoma of the Stomach or Gastroesophageal Junction. J Clin Oncol (2016) 34:1448–54. doi: 10.1200/JCO.2015.63.5995

18. Huang, J, Xu, J, Chen, Y, Zhuang, W, Zhang, Y, Chen, Z, et al. Camrelizumab Versus Investigator's Choice of Chemotherapy as Second-Line Therapy for Advanced or Metastatic Oesophageal Squamous Cell Carcinoma (ESCORT): A Multicentre, Randomised, Open-Label, Phase 3 Study. Lancet Oncol (2020) 21:832–42. doi: 10.1016/S1470-2045(20)30110-8

19. 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) 21:571–80. doi: 10.1016/S1470-2045(20)30011-5

20. Liu, J, Liu, Q, Li, Y, Li, Q, Su, F, Yao, H, et al. Efficacy and Safety of Camrelizumab Combined With Apatinib in Advanced Triple-Negative Breast Cancer: An Open-Label Phase II Trial. J Immunother Cancer (2020) 8(1):e000696. doi: 10.1136/jitc-2020-000696

21. Yuan, G, Cheng, X, Li, Q, Zang, M, Huang, W, Fan, W, et al. Safety and Efficacy of Camrelizumab Combined With Apatinib for Advanced Hepatocellular Carcinoma With Portal Vein Tumor Thrombus: A Multicenter Retrospective Study. Onco Targets Ther (2020) 13:12683–93. doi: 10.2147/OTT.S286169

22. Xie, L, Xu, J, Sun, X, Guo, W, Gu, J, Liu, K, et al. Apatinib Plus Camrelizumab (Anti-PD1 Therapy, SHR-1210) for Advanced Osteosarcoma (APFAO) Progressing After Chemotherapy: A Single-Arm, Open-Label, Phase 2 Trial. J Immunother Cancer (2020) 8(1):e000798. doi: 10.1136/jitc-2020-000798

23. Dulos, J, Carven, GJ, van Boxtel, SJ, Evers, S, Driessen-Engels, LJ, Hobo, W, et al. PD-1 Blockade Augments Th1 and Th17 and Suppresses Th2 Responses in Peripheral Blood From Patients With Prostate and Advanced Melanoma Cancer. J Immunother (2012) 35:169–78. doi: 10.1097/CJI.0b013e318247a4e7

24. Jacoby, TV, Chang, MS, Thompson, LL, Foreman, RK, Reynolds, KL, and Chen, ST. Histopathologically-Confirmed Lichenoid Eruptions From Immune Checkpoint Inhibitor Therapy: A Retrospective Cohort Analysis. Br J Dermatol (2021). doi: 10.1111/bjd.20698

25. Siegel, J, Totonchy, M, Damsky, W, Berk-Krauss, J, Castiglione, FJ, Sznol, M, et al. Bullous Disorders Associated With Anti-PD-1 and Anti-PD-L1 Therapy: A Retrospective Analysis Evaluating the Clinical and Histopathologic Features, Frequency, and Impact on Cancer Therapy. J Am Acad Dermatol (2018) 79:1081–8. doi: 10.1016/j.jaad.2018.07.008

26. Asarch, A, Gottlieb, AB, Lee, J, Masterpol, KS, Scheinman, PL, Stadecker, MJ, et al. Lichen Planus-Like Eruptions: An Emerging Side Effect of Tumor Necrosis Factor-Alpha Antagonists. J Am Acad Dermatol (2009) 61:104–11. doi: 10.1016/j.jaad.2008.09.032

27. Chung, WH, Hung, SI, Yang, JY, Su, SC, Huang, SP, Wei, CY, et al. Granulysin Is a Key Mediator for Disseminated Keratinocyte Death in Stevens-Johnson Syndrome and Toxic Epidermal Necrolysis. Nat Med (2008) 14:1343–50. doi: 10.1038/nm.1884

28. Wang, CW, Yang, LY, Chen, CB, Ho, HC, Hung, SI, Yang, CH, et al. Randomized, Controlled Trial of TNF-Alpha Antagonist in CTL-Mediated Severe Cutaneous Adverse Reactions. J Clin Invest (2018) 128:985–96. doi: 10.1172/JCI93349

29. Viard, I, Wehrli, P, Bullani, R, Schneider, P, Holler, N, Salomon, D, et al. Inhibition of Toxic Epidermal Necrolysis by Blockade of CD95 With Human Intravenous Immunoglobulin. Science (1998) 282:490–3. doi: 10.1126/science.282.5388.490

30. Stalder, T, Hahn, S, and Erb, P. Fas Antigen Is the Major Target Molecule for CD4+ T Cell-Mediated Cytotoxicity. J Immunol (1994) 152:1127–33.

31. Kojima, H, Shinohara, N, Hanaoka, S, Someya-Shirota, Y, Takagaki, Y, Ohno, H, et al. Two Distinct Pathways of Specific Killing Revealed by Perforin Mutant Cytotoxic T Lymphocytes. Immunity (1994) 1:357–64. doi: 10.1016/1074-7613(94)90066-3

32. Xu, W, Chen, S, Wang, X, Wu, H, Tahara, K, Tanaka, S, et al. Effects of Sinomenine on the Proliferation, Cytokine Production, and Regulatory T-Cell Frequency in Peripheral Blood Mononuclear Cells of Rheumatoid Arthritis Patients. Drug Dev Res (2021) 82:251–8. doi: 10.1002/ddr.21748

33. Quach, HT, Dewan, AK, Davis, EJ, Ancell, KK, Fan, R, Ye, F, et al. Association of Anti-Programmed Cell Death 1 Cutaneous Toxic Effects With Outcomes in Patients With Advanced Melanoma. JAMA Oncol (2019) 5:906–8. doi: 10.1001/jamaoncol.2019.0046

34. 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) 151:1206–12. doi: 10.1001/jamadermatol.2015.1916

35. Chiou, VL, and Burotto, M. Pseudoprogression and Immune-Related Response in Solid Tumors. J Clin Oncol (2015) 33:3541–3. doi: 10.1200/JCO.2015.61.6870

36. Xing, P, Zhang, F, Wang, G, Xu, Y, Li, C, Wang, S, et al. Incidence Rates of Immune-Related Adverse Events and Their Correlation With Response in Advanced Solid Tumours Treated With NIVO or NIVO+IPI: A Systematic Review and Meta-Analysis. J Immunother Cancer (2019) 7:341. doi: 10.1186/s40425-019-0779-6

37. Kleef, R, Nagy, R, Baierl, A, Bacher, V, Bojar, H, McKee, DL, et al. Low-Dose Ipilimumab Plus Nivolumab Combined With IL-2 and Hyperthermia in Cancer Patients With Advanced Disease: Exploratory Findings of a Case Series of 131 Stage IV Cancers - A Retrospective Study of a Single Institution. Cancer Immunol Immunother (2021) 70:1393–403. doi: 10.1007/s00262-020-02751-0




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.

Copyright © 2021 Yang, Li, Till, Wang, Zhang, Wang, Huang, Li, Gao, Li and Wang. 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.


OEBPS/Images/fonc-11-728253-g003.jpg
) & 20
S g o~
5 g 3 - L2
2 g £ IL-4
n = 1 B’) -
Q
e 15 + IL6
~ s 5
w c Qo = -+ |L-10
z ¢S o [
2 2 g €5 - IL-17A
SE g -+ TNFa
& 8 & IFNT
-1 E 2k 5 QF 0% 8 0
T E 229 & 2
3 8 ° g g Day2 Day10
a s





OEBPS/Images/fonc-11-728253-g001.jpg
Day3 Day21 Day47





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Toxic Epidermal Necrolysis-Like Reaction Following Combination Therapy With Camrelizumab and Apatinib for Advanced Gallbladder Carcinoma

      

        		

          Introduction

        



        		

          Case Description

        



        		

          Discussion

        



        		

          Patient Perspective

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2021.728253_cover.jpg
’ frontiers
in Oncology

Toxic Epidermal Necrolysis-Like
Reaction Following Combination
Therapy With Camrelizumab and
Apatinib for Advanced Gallbladder
Carcinoma





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-728253-g002.jpg





OEBPS/Images/table1.jpg
Regimen No. Author/year Nature Type of cancer Size Dose of apatinib Grade 1 or Grade 3 or
2. 4

Apatinib monotherapy 1 Huetal, 2014 (16) Prospective ~ TNBC 84 750 mg or 500 mg, daily No No

2 Letal, 2016 (17) Prospective ~ GC 176 850 mg, daily No No
Camrelizumab 3 Huang et al., 2020 Prospective ~ OSCC 228 No <10%* <1%*
monotherapy (18)

4 Qinetal,2020(19) Prospective = HCC 217 No <10%* <1%*
Camrelizumab plus 5 Luetal, 2020 (20) Prospective =~ TNBC 40 250 mg, daily or 7 days on/7 days 25% 0
apatinib off

6 Xuetal, 2020 (6) Prospective ~ HCC 190 250 mg, daily 28.4% 0.5%

7 Zhouetal, 2020 (7) Prospective  Nonsquamous 105 250 mg or 375 mg or 500 mg, 33.3% 1.0%

NSCLC daily

8 Yuanetal, 2020 (21) Retrospective HCC 63 250 mg, daily 27.0% 3.2%

9 Lanetal, 2020 (8) Prospective ~ CC 45 250 mg, daily 26.7% 2.2%

10 Xeetal, 2020 (22)  Prospective ~ Osteosarcoma 43 500 mg or 250 mg or 125 mg, 28.0% 4.7%

daily

"Due to the low incidence, specific numerical values were not provided in the original article.
TNBC, triple-negative breast cancer; GC, gastric cancer; OSCC, esophageal squamous cell carcinoma; HCC, hepatocellular carcinoma; NSCLC, non-small-cell lung cancer; CC,

cervical cancer.





