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The prognosis of patients with relapsed/refractory NK/T-cell lymphoma (NKTCL) is dismal. Immunotherapy has showed encouraging anti-tumor activity in patients with asparaginase-resistant NKTCL; however, only a portion of patients benefit and the median response duration is rather short. Treatment strategies have not been identified for immunotherapy-resistant NKTCL. We describe a patient with primary cutaneous NKTCL experienced disease progression after pegaspargase-based chemotherapy and PD-1 inhibitor (sintilimab)-based immunotherapy. Following a combined treatment of sintilimab and the HDAC inhibitor chidamide, the patient achieved a durable complete molecular response with mild toxicity. This case indicates that the combination of PD-1 inhibitor and HDAC inhibitor might be a treatment choice for immunotherapy-resistant NKTCL.
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Background

NK/T-cell lymphoma (NKTCL) is a rare and aggressive hematological malignancy. It mainly involves the upper aerodigestive tract, less commonly the skin, soft tissue, and gastrointestinal tract (1). Most patients with early-stage NKTCL can be cured with radiotherapy or combined radio-chemotherapy; however, patients with an advanced form of the disease have a dismal prognosis with a median survival of several months (2, 3). Historically, NKTCL responded poorly to conventional cytotoxic drugs probably because of inherent multidrug resistance; while it was sensitive to L-asparaginase (or pegaspargase) due to the unique anti-tumor mechanism for asparaginase and the fatal weakness of NKTCL cells. All normal body cells can produce asparagine by asparagine synthetase, while NKTCL cells are unable to synthesize the amino acid. Asparaginase therapy depletes serum asparagine. When the host serum asparagine is depleted by asparaginase, protein synthesis in NKTCL cells stops, leading to cancer cell death (4). Asparaginase alone or in combination with different cytotoxic drugs has showed good immediate efficacy in NKTCL treatment (5). However, disease relapse frequently occurs due to acquired drug resistance to asparaginase. Nowadays, there are limited treatment options for asparaginase-resistant NKTCL.

Recently, anti-PD-1/PD-L1 immunotherapy constitutes a new treatment option for relapsed/refractory (r/r) NKTCL. The PD-1 inhibitors pembrolizumab and sintilimab, as well as the PD-L1 inhibitor avelumab, have yielded encouraging effects in several case series reports and small sample-sized clinical trials (6); however, only a small portion of patients benefit, reflecting common primary and/or acquired resistance to immunotherapy and less durable response. Therefore, it is necessary to identify and evaluate novel treatment strategies for immunotherapy-resistant NKTCL. In this study, we reported a case with both pegaspargase- and immunotherapy-resistant NKTCL that achieved durable response to a combined treatment of sintilimab with the histone deacetylase inhibitor (HDACi) chidamide.



Case Presentation

At his first visit, a 24-year-old young man stated that two years ago his face, especially eyelids, was slightly red and swollen without any discomfort (Figure 1A). He had no notable past and family medical history. Since then, his facial swelling has persisted without obvious changes and medical intervention, but in recent two months the face swelling was rapidly aggravated with fever. He was admitted to our hospital in October 2019 with intermittent fever in the absence of weight loss and night sweat. The maximum body temperature was 38.3°C. Physical examination revealed that his whole face was red and swollen with a mucosal ulcer in the inner lower lip (Figures 1B, C). Laboratory examination revealed an elevated lactate dehydrogenase level of 319 U/L and erythrocyte sedimentation rate of 39 mm/h. Plasma EBV-DNA titer was 2.11 × 104 copies/ml. Other laboratory parameters were normal. Biopsy from the oral ulcer showed acute and chronic mucosal inflammation with infiltration of medium-sized atypical lymphoid cells. The infiltrating lymphocytes were positive for CD3, CD56, TIA-1, and Granzyme B, negative for CD20 and CD30, and focally positive for CD8. Ki-67 was positive in 90% cancer cells. In situ hybridization revealed EBV infection in the majority of neoplastic cells (Figure 2). The diagnosis of NKTCL was made based on the morphology, immunohistochemistry, and EBV status. Positron emission tomography-computed tomography (PET/CT) (Figures 3A–D) and magnetic resonance imaging (MRI) (Figures 3E, F) showed that the facial soft tissues, eyelids, and lips were swollen with hypermetabolic activity (SUVmax 10.3). Bone marrow smear and flow cytometry analysis were negative.




Figure 1 | Facial features of the patient with NKTCL. (A) Two years before diagnosis. (B) At the time of diagnosis of NKTCL. (C) Mucosal ulcer in the inner lower lip at diagnosis. (D) After completing 3 cycles of P-GemOx regimen chemotherapy. (E) After one cycle of sintilimab and decitabine combination treatment. (F) After four cycles of sintilimab and chidamide combination treatment.






Figure 2 | Microscopic and immunohistochemical features of NKTCL tumor. Histological examination of H&E-stained tissues shows infiltration of medium-sized cells with irregular nuclei and inconspicuous nucleoli. Immunohistochemical staining shows positive CD3, CD56, TIA-1, and granzyme B, focally positive CD8, and negative CD20. Ki-67 proliferation index was about 90%. In situ hybridization for EBV-encoded RNA (EBER) reveals positive reaction. Original manifestation 400×.






Figure 3 | Face imaging features of the patient at diagnosis. (A–D) PET/CT shows thickened and FDG-avid midline facial skin. (E, F) MRI sagittal plane and horizontal views show thickened facial skin and hyperintensity on T2-weighted imaging.



From November 13, 2019 to December 27, 2019, the patient was given three cycles of P-GemOx regimen (pegaspargase, gemcitabine, and oxaliplatin) chemotherapy. After two cycles of treatment, his facial swelling alleviated, fever disappeared, and the plasma EBV-DNA titer reduced to an undetectable level. However, there was no further improvement for the facial swelling following the third cycle of chemotherapy (Figure 1D) and the plasma EBV-DNA titer came back and was increased to 1.15 × 103 copies/ml, indicating the development of acquired resistance to pegaspargase-based chemotherapy.

On January 15, 2020, the patient was treated with sintilimab (200 mg) as second-line treatment. In a prior study, decitabine, a DNA methyltransferase inhibitor, was showed to increase the efficacy of PD-1 blockade immunotherapy in patients with Hodgkin lymphoma (7). Considering only a short progression-free survival (PFS) in the trials of immunotherapy in r/r NKTCL patients (Table 1), a priming treatment with decitabine was administered to the patient in addition to sintilimab. Unexpectedly, the patient’s facial swelling was slightly aggravated (Figure 1E), accompanied by the reappearance of fever, and the plasma EBV-DNA titer was increased to 7.02 × 103 copies/ml. Though the face swelling was not a definite indicator of drug efficacy, the reappearing fever and elevated plasma EBV-DNA titer strongly indicate the disease out of control.


Table 1 | Reports of r/r NKTCL treated with immunotherapy.



We gave the patient an oral treatment of HDACi chidamide (30 mg every three days) beginning February 5, 2020. Meanwhile, the immunotherapy with sintilimab was administered continuously. The fever disappeared after several days of the combined treatment; the plasma EBV-DNA titer was quickly reduced to undetectable level at the end of the first cycle of the combined treatment and kept at this level thereafter, indicating a molecular complete response (CR) was achieved. A grade 1 thrombocytopenia and anemia occurred during the course of the combined treatment. After four cycles of the combined treatment, the patient’s facial swelling had subsided, and he looked totally normal (Figure 1F). The dose of chidamide was reduced to 20 mg every three days thereafter and both thrombocytopenia and anemia were resolved. The patient was very satisfied with the treatment. He went to his work after six cycles of treatment. Hematopoietic stem cell transplantation was recommended in order to improve long-term outcome, but the patient refused. He has received nine cycles of treatment by the submission date of this article. A detailed treatment process and the changes of plasma EBV-DNA titers are shown in Figure 4.




Figure 4 | Treatment process and the changes of plasma EBV-DNA titers.





Discussion and Literature Review

According to primary tumor location, NKTCL can be classified into two subtypes (1): nasal NKTCL involving the upper aerodigestive tract, including nasal cavity, nasopharynx, oral cavity, oropharynx, and hypopharynx; and (2) extranasal NKTCL involving any other organ or tissue such as skin, gastrointestinal tract, bone, and lung (18, 19). Extranasal NKTCL accounts for approximately 20% of newly diagnosed cases (20, 21). Generally, the prognosis of extranasal NKTCL is poorer than that of nasal NKTCL. The median overall survival time is only 3.4 months in patients with advanced extranasal NKTCL (19).

Over the past decade, significant progress has been made in the treatment of NKTCL. On the one hand, radiotherapy has been used as a curative option for early-stage NKTCL (22, 23). About 80% early-stage NKTCL patients were cured by radiotherapy alone or in combination with chemotherapy (2). One the other hand, the importance of L-asparaginase has been widely recognized in the treatment of NKTCL. The CR rate generally exceeded 50% in NKTCL patients treated with asparaginase (or pegaspargase)-containing chemotherapy. However, these progresses largely benefited those patients with early-stage disease. Relatively, patients with advanced disease had a dismal outcome, with a median survival of only several months even asparaginase-based chemotherapy was used (3, 21). Besides, asparaginase-based chemotherapy did not seem to improve the survival of patients with extranasal NKTCL (24, 25). Thus, novel treatment strategies are urgently needed for NKTCL patients with advanced disease, especially asparaginase-resistant disease.

NKTCL is universally associated with EBV infection in the lymphoma cells. EBV-DNA levels in peripheral blood are a surrogate biomarker of tumor loads, which are useful for prognostic assessment and treatment response evaluation. High plasma EBV-DNA levels, both pre- and post-treatment, correlate with worse clinical outcomes (26, 27). On the other hand, EBV infection is associated with higher PD-L1 expression in lymphoma cells and better response to immunotherapy (9, 10, 28, 29). Several case reports, case series, and small sample-sized phase 2 trials have demonstrated the anticancer activity of PD-1/PD-L1 blockade immunotherapy in NKTCL patients (Table 1). Based on these practices, the PD-1 inhibitors pembrolizumab and nivolumab were recently recommended by the NCCN guidelines as an alternative treatment option for r/r NKTCL. It seems that immunotherapy has convincing short-term efficacy in r/r NKTCL, but the long-term outcomes of immunotherapy-treated patients are still disappointing. Until now, the largest prospective clinical trial involving immunotherapy in r/r NKTCL patients has been conducted in China, in which 28 patients were treated with sintilimab. Of them, 19 patients achieved an objective response (8). In another phase 2 trial enrolling 21 patients in Korea, avelumab achieved CR in five patients and PR in three patients, with a median PFS of 2.7 months (9). Kim et al. reported five out of 14 patients treated with pembrolizumab achieved CR (10). Two retrospective case series studies reported five CR and one CR in seven and three patients, respectively (11, 13). In another case series study with seven patients with pembrolizumab treatment, two patients achieved CR, and the median PFS was 4.8 months (12). Klee et al. reported one patient who had survived more than 2 years following a combined treatment of pembrolizumab and radiotherapy, but it should be noted that this case had an early-stage disease (14). With the emergence of various new anti-tumor drugs, immunotherapy-based treatment for NKTCL is continuously evolving to improve patient outcomes. Clinical trials evaluating the combination of immunotherapy with various cancer therapies are currently under investigation, including cytotoxic drugs, PI3K inhibitor, HDACi, CAR-T cell therapy, and antiangiogenic agent (Table 2).


Table 2 | Ongoing clinical trials utilizing immune checkpoint blockade in NKTCL (by 10-Aug-2020).



Chidamide, a subtype-selective HDACi, was approved in China for patients with relapsed or refractory peripheral T-cell lymphoma. It is also used to treat r/r NKTCL. In a phase 2 trial including various types of T- and NK-cell lymphomas, the ORR was 19% in 16 NKTCL patients and the median PFS was 2.1 months (30). In addition to its direct anticancer activity, HDACi has pleiotropic immunomodulatory effects (31–33). HDACi can enhance the intratumoral infiltration of CD8+ T cells and macrophages, decrease the intratumoral infiltration of T-regulatory cells, myeloid-derived suppressor cells, and pro-tumorigenic M2 macrophages, induce the intratumoral expression of multiple chemokines, upregulate the expression of MHC and co-stimulatory molecules, enhance immune recognition, promote tumor-specific T cell-mediated killing of cancer cells, and sensitize tumor cells to NK cell lysis (32, 34–42). Preclinical studies have demonstrated that HDACi can enhance the anticancer activity of immunotherapy in several types of cancers (36, 37, 43–45). Currently, there are dozens of clinical trials evaluating the feasibility of combining HDACi and immunotherapy across multiple cancer types (32, 34).

In this study, the primary cutaneous NKTCL acquired resistance after a short response to pegaspargase-based chemotherapy. It was known that a transient increase of tumor volume, called pseudoprogression, in immunotherapy-treated patients. Nevertheless, it was unlikely a pseudogprogression in this case after one cycle of sintilimab and decitabine combination therapy, as together with tumor regrowth, the lymphoma-related fever reappeared and the plasma EBV-DNA titer, a sensitive indicator of NKTCL load, was increased following the combined treatment. Therefore, we believe that this case was primarily resistant to sintilimab. Based on the aforementioned immunomodulatory effects of HDACi, chidamide was used in combination with sintilimab as third-line treatment for this patient. An excellent response was observed: the fever and plasma EBV-DNA disappeared very quickly after the first cycle of the combined regimen treatment, and the response has lasted for over 6 months so far. The result of this study should be interpreted with caution, because chidamide alone has anti-cancer activity. It is not sure whether the excellent response in this patient was attributed to the synergistic action of sintilimab and chidamide or to chidamide alone. Currently, there is an ongoing phase 1/2 trial assessing the efficacy and safety of sintilimab plus chidamide in patients with r/r NKTCL (NCT 03820596). It may take time to get the results but it is worth the wait.



Conclusion

There are limited treatment options for patients with r/r NKTCL, especially those resistant to asparaginase and immunotherapy. We reported herein that a pegaspargase- and immunotherapy-resistant patient achieved durable response from the combined treatment of sintilimab and chidamide with mild toxicity. This combination regimen of immunotherapy and HDACi is a promising treatment choice for patients with r/r NKTCL.
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