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Patients with extranodal natural killer/T-cell lymphoma (ENKTL), nasal type are benefit from peg-asparaginase, gemcitabine, and methotrexate. Therefore, we conducted a prospective phase II trial using a combination of these drugs as GAD-M regimen in naïve ENKTL patients, simultaneously, explored the combinational mechanism. The GAD-M regimen was administered for 6 cycles sandwiched by radiotherapy for stage I/II and 6 cycles for stage III/IV patients. After 6 cycles, the overall response rate of 36 patients was 91.6%, and the complete remission rate increased to 83.3%. The 3-year progression-free survival (PFS) and overall survival (OS) rates were 74.8% and 77.8%, respectively. The 5-year PFS and OS were 68.3% and 77.8%. No patient suffered from the central nervous system (CNS) relapse. Most patients experienced recoverable liver dysfunction and anemia in this study. The plasma MTX concentration ratio at 12 to 24 hr during the first cycle could be an early predictor of outcomes in ENKTL (PFS, P=0.005; OS, P=0.002). Additionally, we found that high dose MTX (HD-MTX) and gemcitabine had the synergistic effect of ENKTL cell in vitro. Mechanistically, we demonstrated that the combination could lead to obviously apoptosis in ENKTL cell with extremely release of reactive oxygen spices (ROS), which mediated by endoplasmic reticulum stress. In conclusion, the GAD-M regimen could be a new choice to newly diagnosed ENKTL, especially for stage I/II patients. Furthermore, our results showed the synergy effect of HD-MTX with gemcitabine in ENKTL.


Clinical Trial Registration

This trial was registered at www.clinicaltrials.gov as #NCT01991158.
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Introduction

Extranodal NK/T-cell lymphoma (ENKTL) is a highly aggressive lymphoma that has a geographic predilection in Asian and South American populations (1–4). In China, the incidence of ENKTL is higher and secondary to the diffuse large B-cell lymphoma, accounting for approximately 11% of all lymphomas (5). Almost 75% of ENKTL cases typically involve the nasal cavities, with the common initial symptoms being nasal obstruction, nasal discharge, and epistaxis; caused by the nasal lesions (6, 7). They can also develop rapidly in any other site such as the nasopharynx, skin, orbits, gastrointestinal tract, testis, and lymph nodes.

It has been shown that cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) chemotherapy or CHOP-like regimens were associated with poor outcomes in ENKTL (8) because the multidrug resistance (MDR) P-glycoprotein expressed by ENKTL cells acts as an efflux pump to combat the effects of various drugs, including cyclophosphamide and doxorubicin (9–11). As such, regimens incorporating anthracycline-containing chemotherapy have been abandoned as treatments for ENKTL (1, 2, 8). Instead, a series of regimens incorporating peg-asparaginase/L-asparaginase-based chemotherapy have shown greater efficacy (12–18). In China, the peg-asparaginase/L-asparaginase, gemcitabine, and oxaliplatin (PGEMOX/GELOX) regimen has been widely used (17, 18). However, the optimal treatment for ENKTL has not yet been fully defined, and the dilemma regarding which drugs should be combined with peg-asparaginase/L-asparaginase continues to evolve.

Methotrexate (MTX) is another important drug in ENKTL therapies and is contained in both the dexamethasone, MTX, ifosfamide, L-asparaginase, and etoposide (SMILE) and asparaginase, MTX, dexamethasone (AspaMetDex) regimens used for the treatment of ENKTL (12, 13, 16). The PGEMOX/GELOX regimen does not contain MTX. We therefore conducted this clinical trial using the chemotherapy regimen gemcitabine, peg-asparaginase, dexamethasone, and MTX (GAD-M) to treat newly diagnosed ENKTL, and involved-field radiotherapy (IFRT) was also added to the treatment of stage I/II ENKTL. The objective of this present study was to investigate the efficacy and safety of the GAD-M regimen in newly diagnosed ENKTL patients. Furthermore, we applied a series of rational research methods to investigate how the GAD-M regimen produced a synergic efficacy in ENKTL patients. This trial is registered at www.clinicaltrials.gov as #NCT01991158.



Patients and Methods


Patients

Newly diagnosed ENKTL patients were eligible for this study if they met the following inclusion criteria: (a) a histologically confirmed diagnosis of ENKTL according to the WHO classification (19), (b) no previous anti-cancer treatment (chemotherapy, radiotherapy, targeted therapy or stem cell transplantation), (c) age: 18-80 years old, (d) Eastern Cooperative Oncology Group (ECOG) performance status: 0-3, (e) life expectancy > 3 months, (f) clinical stage according to Ann Arbor staging system: I-IV, and (g) adequate hematological, liver and renal function (i.e., WBC count ≥ 4×109/l, hemoglobin ≥ 100 g/l, platelet count ≥ 90×109/l, bilirubin <1.5×ULN, alanine transaminase (ALT) or aspartate aminotransferase (AST) < 2.5×ULN and serum creatinine < 1.5×ULN), normal coagulation and cardiac functions. Patients were excluded if they: were pregnant or breastfeeding, had other concomitant malignant tumor(s), severe infection, and any coexisting medical problems, such as congestive heart failure, liver cirrhosis, active hemorrhage and so on, that could cause poor compliance with the study protocol.

All patients signed an informed consent form before enrolment. This study adhered to the norms of the Helsinki Declaration and Good Clinical Practice Guidelines. The study was approved by the ethics committee of the Sun Yat-sen University Cancer Center.



Treatment and Protocol Design

This is a prospective single-arm, open-label phase II study. The patients received six cycles of the GAD-M regimen. The regimen was given every 3 weeks. The GAD-M dosage and administration schedule were as follows: gemcitabine: 1000 mg/m2 via intravenous drip on days 1 and 8, peg-asparaginase: 2500 U/m2 via intramuscular injection on day 1, dexamethasone: 20 mg via intravenous drip on days 1-3, and MTX: 3000 mg/m2 via a continuous intravenous drip for 12 hr on day 1. All of the patients in our study received leucovorin rescue and alkaline hydration for 3 days during and after the treatment with high-dose MTX. Their MTX plasma level was monitored during treatment (0, 12, 24, 36, and 48 hr from the beginning of continuous treatment with intravenous MTX).

Stage I/II ENKTL patients received 6 cycles of the GAD-M regimen sandwiched by IFRT after the 2ed-4th cycle. Three-dimensional (3D) conformal radiation therapy was given to stage I/II ENKTL patients using 4 or 6 megavoltage (MV) photons generated from a linear accelerator. The IFRT dose was 50-55 greys (Gy) in 25 fractions applied at 2 Gy per day, 5 fractions per week. For patients in stage III/IV, the GAD-M regimens were repeated for 6 cycles without IFRT.



Response and Safety Assessments

The primary endpoint was the overall response rate (ORR) after six cycles of the GAD-M regimen. The secondary endpoints were complete response rate (CRR), 3-year progression-free survival (PFS), 3-year overall survival (OS), and toxicity.

The tumor response was assessed by computed tomography scan, Magnetic Resonance Imaging (MRI), and/or Positron Emission Tomography (PET) scan and classified as a complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) (20). The treatment response was assessed after every 2 cycles of the GAD-M regimen during treatment according to the Revised Response Criteria for malignant lymphoma (20). Follow-up was performed every 3 months in the first 2 years, every 6 months during the next 3 years, and then annually.

All adverse events experienced after chemotherapy were graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0.



Cell Culture

NK/T cell lymphoma cell lines NKYS, SNK6 were obtained from the American Type Culture Collection (ATCC). The cells were cultured and maintained in RPMI 1640 medium (Life Technologies) supplemented with 10% fetal bovine serum (FBS), 100 IU/ml IL2, 2mM L-glutamine, 1% penicillin/streptomycin (Life Technologies) at 37°C and 5% CO2.



CCK8 Assay

NKYS, SNK6 cells were seeded in triplicate in 96-well plates at 1×105 cells per well with 200 μl completed medium for 24 hr. Then, the cells were treated with different concentrations of MTX (1 nM-100 mM) and gemcitabine (0.126 nM-12.6 mM) alone or together. CCK8 solution (Dojindo, Japan) was used according to the manufacturer’s operating instructions, and the IC50 value was calculated using the Prism7 software every 24 hr until 96 hr after treatment.

Synergy in cell viability assays was determined by plotting isobolograms and calculating the combination index (CI) value using the CalcuSyn software. In detail, CI < 1 indicates synergy, CI = 1, additive and CI > 1, antagonism. The results were representative of three individual experiments.



Determination of Cellular Oxygen Species (ROS)

Cellular ROS production was detected using a 2’,7’-dichlorofluorescein diacetate (DCFH-DA) probe24 (Beyotime, China) according to the manufacturer’s protocol. Briefly, a total of 1.5 × 105/ml cells in 1 ml was seeded in 12-well dishes. The treated cells were washed with PBS twice and incubated with 10 μM of DCFH-DA for 30 min. DCFH-DA fluorescence was measured by a FACS CytExpert 2.0 (Beckman Coulter, USA).



Flow Cytometry of Apoptosis

Apoptosis was then detected with annexin V-FITC/PI staining kit (Nanjing KeyGen Biotech). NKYS, SNK6 cells were treated with normal conditions, MTX (20 mM), gemcitabine (5 μM), or combination treatment for 24-48 hr, respectively. The cells were then collected, washed, and stained in a working solution (500 µl binding buffer with 5 µl annexin V-FITC and 10 µl PI) for 15 min at room temperature in the dark. The FACS CytExpert 2.0 (Beckman Coulter) was used to detect and analyze apoptotic cells. Annexin V-FITC + and annexin V-FITC +-PI + cells were considered as apoptotic cells.



Western Blot Analysis

Proteins were extracted from cells and then used for western blot analysis. Drug treated cells were lysed with RIPA buffer containing a protease inhibitor cocktail and a phosphatase inhibitor cocktail (CWBIO, USA). Proteins were resolved by SDS-PAGE, transferred to PVDF membranes (Bio-Rad, USA), blocked with 5% skimmed milk powder. Then, the membranes were detected by incubation with 1:1000 dilutions of primary antibodies, washed, and incubated with Goat anti-rabbit-HRP antibodies and developed using WesternBright™ ECL (Advansta, USA). The following primary antibodies were used for western blot analysis: anti-p-IRE1α antibody, anti-IRE1α antibody, anti-CHOP antibody, anti-Cleaved caspase 3, anti-caspase 12, anti-Bcl2 Ser70, anti-p-p38 antibody, anti-p38 antibody (Cell Signaling Technology, USA), anti-β-catenin and anti-GAPDH (Proteintech, USA).



Statistical Methods

The expected ORR was estimated to be 80% and the threshold ORR was estimated to be 60% based on our hospital history data (21, 22). Our trial was designed to have a statistical power of 80% to test the following one-sided hypothesis regarding the actual probably of an overall response (p); H0: P less than or equal to 60% (60% being the historical response while using conventional therapy) versus H1: P 80% (80% being the expected response), with a type I error of 5%. The number of suitable patients required for our study was calculated to as at least 36.

PFS was defined as the interval between the date of diagnosis and the date of first relapse, progression, death, or last follow-up. OS was measured from the day of diagnosis to death or last follow-up. All data were entered into the SPSS statistical software. The Kaplan-Meier methods and log-rank tests were used to calculate the survival rates and compare survival curves, respectively. Cox regression analysis was used to identify significant predictors of PFS or OS. P < 0.05 was considered significant.

Comparisons between two mean values were performed by two-tailed unpaired Student’s t-test using the Prism8 software. Significance testing was performed by one-way ANOVA with the Tukey’s posthoc testing for multiple pairwise testing or by parametric or nonparametric Student’s t-test as appropriate. P < 0.05 was considered significant.




Results


Patient Characteristics

A total of 38 patients diagnosed at the Sun Yat-sen University Cancer Center from November 2013 to October 2015 were consecutively considered for this study. Thirty-six patients had at least one evaluable response. Two patients were excluded was one had liver cirrhosis complications that met exclusion criteria, and the other one was already 81 years old when he signed the informed consent. The main clinical characteristics of the 36 patients are summarized in Table 1. The median age was 47 years old (range, 18 to 73 years old), and 4 patients (11.1%) were older than 60 years old. The male to female ratio was 25:11. Most of the patients (86.1%) had a favorable Eastern Cooperative Oncology Group Performance Status (ECOG PS: 0-1), and the ECOG PS was no more than 2 in all patients. Twenty-two patients (61.1%) had B symptoms at presentation. Thirty-one patients (86.1%) were classified as Ann Arbor stage I or II, while 5 patients (13.9%) as stage III or IV. Serum lactate dehydrogenase levels were high in 10 patients (27.8%). High Epstein-Barr Virus (EBV) DNA copies (EBV DNA > 103 copies/ml) were present in 22 patients (61.6%), and detectable EBV DNA copies (EBV DNA > 0 copies/ml) were present in 26 patients (72.2%).


Table 1 | Baseline patient characteristics (n = 36).





Clinical Response

In all, the 36 patients received 199 cycles of GAD-M regimen chemotherapy. All patients completed at least 2 cycles of the GAD-M regimen and had at least 1 response evaluation. The treatment scheme and outcome are summarized in Figure 1. After 2 cycles of GAD-M, the ORR and CRR were 94.4% (34/36, 95% CI: 87.0%-100.0%) and 50.0% (18/36), while the disease rapidly progressed in two patients with stage IV. The ORRs of stage I/II and stage III/IV patients were 100.0% (31/31) and 60.0% (3/5), respectively, while the CRRs were 54.8% (17/31) and 20.0% (1/5), respectively. After 6 cycles of GAD-M, the ORR was still 91.6% (33/36, 95% CI: 82.6% - 100.0%), whereas the CRR had increased to 83.3% (30/36). The ORRs of stage I/II and stage III/IV patients were 100.0% (31/31) and 40.0% (2/5), respectively, and the CRRs increased in both groups to 90.3% (28/31) and 40.0% (2/5), respectively.




Figure 1 | Summary of outcomes in ENKTL treated with the GAD-M regimen.





Survival and Relapse

The median follow-up for all 36 patients was 54.5 months (range, 5.9-67.3 months). In this study, the median PFS and OS were not reached until the last follow-up; hence, the 3-year PFS and 5-year PFS were 74.8% (95% CI: 60.0%-89.1%) and 68.3% (95% CI: 52.6%-84.0%), respectively. The 3-year and 5-year OS were both 77.8% (95% CI: 64.3%- 91.3%). When analyzed according to Ann Arbor stage, the 3-year PFS rates in stage I/II and III/IV disease were 80.4% (95% CI: 66.3%-94.5%) and 40.0% (95% CI: 0%-82.9%), respectively. The 5-year PFS were 77.0% (95% CI: 62.1%-91.9%) and 20.0% (95% CI: 0%-55.1%), respectively, while the 3-year OS, similar with the 5-year OS, were 80.6% (95% CI: 66.7%-94.5%) and 60.0% (95% CI: 17.1%-100.0%) in stage I/II and III/IV disease, respectively. The PFS and OS survival curves for all the 36 ENKTL patients are shown in Figures 2A, B.




Figure 2 | The survival curves of the ENKTL patients with the GAD-M regimen. (A) progression-free survival curve and (B) overall survival curve in the 36 ENKTL treated with the GAD-M regimen. (C) progression-free survival curve and (D) overall survival curve in patients according to the plasma MTX concentration ratio from 12 to 24 hr of the first cycle in the treatment with the GAD-M regimen.



In all, eleven out of thirty-six patients (30.6%) who were treated with the GAD-M regimen who completed the follow-up period experienced disease progression after a median of 8.0 months (range, 2.1-50.8 months), and seven of these patients (19.4%) died of lymphoma after a median of 8.0 months (range, 2.8-22.2 months). During chemotherapy, three patients experienced disease progression. All three of them had widely metastasized stage IV disease. Two had progressive disease which rapidly resulted in death. Another experienced disease progression in the spleen after 4 cycles of GAD-M and was treated with peg-asparaginase, dexamethasone, ifosfamide, carboplatin, and etoposide (P-DICE) as a second-line treatment and prednisone, etoposide, procarbazine and cyclophosphamide (PEPC) as salvage chemotherapy. This patient was still alive at the last follow-up. During the follow-up period, five patients with stage II disease experienced disease progression and died of lymphoma. Two other patients with nasopharyngeal posterior wall invasion had disease relapsed in their vocal cords after CR was reported following 6 cycles of the GAD-M regimen sandwiched with IFRT. These two patients received chemotherapy and radiotherapy in turn for salvage treatment, and they were alive at the last follow-up. Another patient in stage IV who had skin lesions and superficial lymph node involvement had disease relapsed in the skin of the cheek in 2019. All other patients remain in follow-up. No patient experienced central nervous system (CNS) relapse in our study.



Toxicity

The main adverse events of GAD-M are summarized in Table 2. The most common grade 3/4 hematological adverse event was anemia (47.2%). Grade 3/4 leukocytopenia and neutropenia were observed in 19.5% and 36.1% of the patients, respectively. Thrombocytopenia was mostly graded as 1/2 (27.8%). The major non-hematological side-effects to GAD-M regimens were hypoalbuminemia (100.0%), increased transaminases (89.0%), and hyperbilirubinemia (52.8%). While grade 1/2 non-hematological toxicities were frequently observed during GAD-M treatment, grade 3/4 toxicities were rare. Ten patients (27.8%) had decreased fibrinogen probably related to peg-asparaginase, and this side-effect was reversible when treated with fresh-frozen plasma and cryoprecipitate. There were no cases of pancreatitis or thrombus in our study. One patient, who was a 61-year-old man, died of treatment-related toxicity due to electrolyte disorders caused by severe vomiting. None of the other patients suffered from this adverse event.


Table 2 | Toxicity profiles from the GAD-M regimen.





The Influence of MTX Plasma Concentrations

The blood MTX levels were measured at 0, 12, 24, 36, and 48 hr from the start of MTX treatment. We analyzed the relationships between the MTX plasma concentration at any time point and patient outcomes. We found that the plasma MTX concentration did not influence the ENKTL outcome at any separate time point. Nevertheless, the changes in MTX plasma concentrations observed over time significantly influenced ENKTL effects and survival. We found that the plasma MTX concentration ratio calculated at 12 to 24 hr(12hs plasma MTX concentration/24hs plasma MTX concentration) during the first cycle predicted long-term survival. The plasma MTX concentration ratio was calculated by dividing the plasma MTX concentration at 12hr by that at 24hr during the first cycle. The plasma MTX concentration ratios were ranked as: 1) cases in which 100 < the MTX concentration ratio < 1000, and 2) those in which the MTX concentration ratio was ≤ 100 or ≥ 1000. The first rank (100 < the MTX concentration ratio < 1000) was associated with better PFS (3-year PFS: 87.5%, 95% CI:74.2%-100.0% vs 47.6%, 95% CI: 18.2%-77.7%, 5-year PFS: 83.3%, 95% CI: 68.4%-98.2%, vs 35.7%, 95% CI: 5.9%-65.5%, P = 0.005) and OS (3- year and 5- year OS: 91.7%, 95% CI: 83.4%- 100.0% vs 50.0%, 95% CI: 21.8%-78.2%, P = 0.002) than the other rank (MTX concentration ratio ≤ 100 or ≥ 1000). The survival curves based on the plasma MTX concentration ratios calculated at 12 to 24 hr during the first cycle are shown in Figures 2C, D.



Prognostic Factors

In univariate analysis, the prognostic index for natural killer lymphoma–Epstein-Barr virus (PINK-E) (23) >1 and the plasma MTX concentration ratio ≤ 100 or ≥ 1000 were significant poor prognostic predictors of both PFS and OS (Table 3). These two factors were then included for multivariate analysis. Logistic regression was utilized for further analysis. The results showed that both PINK-E>1(P = 0.007 for PFS; P = 0.012 for OS) and the plasma MTX concentration ratios calculated at 12 to 24 hr during the first cycle ≤ 100 or ≥ 1000 (P = 0.040 for PFS; P = 0.029 for OS) were the independent risk factors in ENKTL (Table 4).


Table 3 | Univariate analysis of prognostic factors.




Table 4 | Multivariate analysis of prognostic factors for both PFS and OS.





The Synergistic Effect of the High-Dose MTX (HD-MTX) and Gemcitabine in the GAD-M Regimen

The IC50 values of gemcitabine on SNK6 and NKYS ranged between 43.95 nM~ 2.646 μM and 2.799 μM~ 40.63 μM, respectively, after treatment with SNK6 and NKYS for 1-4 d (Figure 3A). The IC50 values of MTX ranged between 1.328 μM~ 20.43 mM and 72.42 μM~ 21.51 mM, respectively (Figure 3B). Compared to NKYS, SNK6 was more sensitive to MTX and gemcitabine. HD-MTX combined with gemcitabine had a synergistic killing effect on NK/T-cell lymphoma (Figure 3C).




Figure 3 | The synergistic effects of HD-MTX and gemcitabine-induced NK/T-cell lymphoma cell apoptosis through ER stress. (A, B) the effects on NK/T-cell lymphoma cell growth of MTX or gemcitabine. (C) the synergistic effects of HD-MTX combined to gemcitabine calculated using CalcuSyn. (D) cell apoptosis was performed followed by flow cytometric analysis. (E) intracellular ROS was measured by the MFI of DCFH-DA. (F, G) the ER stress and apoptosis-related markers were detected by western blotting. ** means P < 0.01, *** means P < 0.001.



We next sought to understand the mechanisms underlying the synergistic effect of MTX and gemcitabine. The percentage of Annexin V + (a marker of apoptosis) and PI +Annexin V + (markers of cell death) cells was found to increase after treatment with MTX and gemcitabine respectively, and showed marked upregulation in the combination group (Figure 3D). In addition, the production of intracellular reactive oxygen species (ROS) was increased in MTX, and the drug combination-treated cells (Figure 3E). Considering an excess of ROS would induce cell apoptosis, we hypothesized that cell apoptosis could be promoted by endoplasmic reticulum (ER) stress activated by the severe release of ROS.

To validate this hypothesis, we next detected the change in ER stress sensor. We found that the expression of p-IRE1α increased in the MTX group and was much higher in the combination group. Moreover, the accompanying upregulation of C/EBP homologous protein (CHOP) indicated the activation of ER stress (Figure 3F).

In order to identify that cell apoptosis was the result of ER stress, we subsequently detected the expression of p-p38 and Caspase12. We found that these two drugs combination augmented cell apoptosis. P-p38 inhibited the expression of Bcl2 protein, and increased the amount of cleaved caspase3. Moreover, an accumulation of CHOP and caspase12 was also found and contributed to severe cell apoptosis (Figure 3G). Taken together, our results supported the notion that MTX and gemcitabine combination could extremely elevate intercellular ROS which in turn induced NK/T-cell lymphoma cell apoptosis by activating ER stress.




Discussion

This study first investigated the effect of the GAD-M regimen on treatment outcomes in newly diagnosed ENKTL. Our results indicated that GAD-M chemotherapy was indeed effective for the treatment of newly diagnosed ENKTL. The ORRs after 2 and 6 cycles of GAD-M were 94.4% (95% CI: 87.0%-100.0%) and 91.6% (95% CI: 82.6%-100.0%), respectively, with both clearly exceeding the expected ORR of 80% and the threshold ORR of 60% (21, 22). Moreover, these results were similar to the highest ORRs achieved by the PGEMOX/GELOX and GGDP regimens in recent reports (24, 25). The GAD-M regimen had a 100% ORR and a 90.3% CRR after 6 cycles when sandwiched with IFRT and was therefore effective for stage I/II ENKTL patients. The results provide a rationale for further randomized controlled trials.

MTX, an antimetabolite drug derived from folic acid, is unaffected by the multidrug resistance pathway and may have a synergistic effect with either L-asparaginase or peg-asparaginase when used in acute lymphoblastic leukemia (26–28). It is a component of regimens that have been shown to be effective in relapsed/refractory or stage IV ENKTL, such as SMILE and AspaMetDex (12, 13, 16). It was previously reported that MTX combined with irradiation could inhibit NF-κB activation in ENKTL cells (29). Therefore, MTX is an important drug in newly diagnosed ENKTL. However, no other study has explored the use of this drug combined with both peg-asparaginase and gemcitabine in ENKTL. Our study is the first study to confirm the effectiveness and safety of the GAD-M regimen in ENKTL. Meanwhile, the MTX is rather important for CNS prophylaxis in lymphoma (30), while the history data indicated that the 2-year and 5-year CNS relapse rates were 5.1% and 7.2% in ENKTL (31). Hyera Kim et al. found the tendency of reducing the cumulative incidence of CNS relapse in the high-risk CNS-PINK group with intermediate-dose (ID-MTX) (32). In our study, there was no CNS relapsed with the GAD-M regimen during the follow-up. Based on the recent study and our findings, we hypothesized that the combination of GAD-M with MTX might have a potential influence on CNS prophylaxis in ENKTL.

Moreover, we found that the MTX concentration ratio had a prognostic value in ENKTL. Pearson et al. showed that neither plasma MTX concentration nor MTX clearance predicted survival in childhood acute lymphoblastic leukemia (33). However, our results indicated that the MTX concentration ratio but not the plasma MTX concentration predicted the effect of the GAD-M regimen and survival in ENKTL. Hence, the clinical data presented in this study may indicate that appropriate MTX clearance (neither too high nor too low) could predict a good outcome in ENKTL. However, one limitation of our study was that the mechanism of action of MTX clearance was still unknown. It would be interesting to understand this issue and warrants further investigation.

For stage I/II disease, after the initial 2 cycles of GAD-M, the observed CRR was 54.8%. Upon completion of sandwiched IFRT and a subsequent 4 cycles of GAD-M, the CRR increased to 90.3%. This indicated that sandwiched IFRT could increase the CRR of GAD-M. Furthermore, we noticed that most disease progressions occurred within 18 months and there were very few cases (only two cases) of new relapse or progression after two years of follow-up. This indicated that the response to GAD-M sandwiched with IFRT could be durable in early-stage ENKTL. The study data support further development of GAD-M for early-stage ENKTL however its utility for advanced stage ENKTL is unclear because of the limited number of advanced-stage patients in this study.

The most common toxicities observed in our study were hypoalbuminemia, anemia, and leukocytopenia during the GAD-M treatment. We noticed that all patients in our study suffered from hypoalbuminemia and this may have been caused by peg-asparaginase. This adverse reaction was usually graded as 1/2 (94.4%) and was reversed by albumin infusion. The rate of grade 3/4 neutropenia (36.1%) in GAD-M was much lower than that observed in SMILE (12) and similar to that observed in PGEMOX/GELOX studies (17). Grade 3/4 thrombocytopenia (16.7%) was less frequent than has been observed for other regimens (12, 17). However, anemia should be carefully monitored both during and after GAD-M chemotherapy. Only one elderly patient died of electrolyte disorders caused by severe vomiting. This treatment toxicity was similar to that reported in the SMILE study (12, 34). Other non-hematological adverse events were mostly graded as 1/2 and were transient and manageable.

Based on the history data and our study (12, 17, 31, 32), the GAD-M regimen may show more effect on CNS prophylaxis than the PGEMOX/GELOX regimens due to the MTX, and better tolerance than the SMILE for ENKTL.

In addition, to understand the mechanism of MTX combined with gemcitabine in the treatment of NK/T-cell lymphoma, we did rational research. Depending on our results, we found that the synergistic killing effect on NK/T-cell lymphoma cells was induced grievous apoptosis by MTX and gemcitabine through the ER stress-dependent pathway. In this study, we explored the molecular mechanism of MTX combined with gemcitabine in killing NK/T-cell lymphoma cells, and provides a theoretical basis for clinical use of GAD-M regimen in the treatment of ENKTL patients.

Although the GAD-M regimen was effective in ENKTL, there were some limitations worth mentioning. First, this was a single-center phase II study, and phase III multicenter randomized control trial is needed to confirm the findings of this study. Second, the effect of GAD-M on the advanced stage might have caused some bias in the assessment of treatment response due to the limited number of advanced ENKTL in this study. Third, the influence of the MTX concentration ratio was an explorative analysis in the phase II study, the impact of MTX clearance in ENKTL still needs to future explored.

In conclusion, we demonstrated that the GAD-M regimen could provide a high ORR in patients with newly diagnosed ENKTL, especially for those with stage I/II disease. IFRT could improve the CR rate in ENKTL. GAD-M combined with IFRT in stage I/II ENKTL was feasible and well-tolerated. The MTX concentration ratio could predict patients’ outcomes in this group and might be an interim assessment index for ENKTL. Furthermore, our rational research results supported the synergistic effect of the HD-MTX and gemcitabine in NK/T cell lymphoma cell lines. The GAD-M regimen may be a new choice for first-line treatment in ENKTL, especially in stage I/II disease.



Data Availability Statement

The datasets generated for this study are available on request to the corresponding authors.



Ethics Statement

The study involving human participants was reviewed and approved by the ethics committee of the Sun Yat-sen University Cancer Center. This study’s protocol was complied with the Declaration of Helsinki. The patients provided their written informed consent to participate in this study.



Author Contributions

YW, CQW, PS contributed equally to this article. YW, PS, WQJ, JJH and ZML contributed to study design and drafting of the manuscript. YW, CQW, PS, PPL, HY, HYW, HLR, SL, WQJ and ZML recruited patients for this study. YW, PPL and HY collected data. YW, CQW and PS did the analyses. All the authors were involved in the provision of study materials and patients, and data interpretation. All authors gave final approval to submit for publication.



Funding

This work was supported by grants from National Natural Science Foundation of China (nos.82104273, nos.82103579, nos.82073917, nos.81872902), National Science and Technology Major Project (nos. 2018ZX09734003), Guangdong Medical Research Foundation (nos. A2020145) and the Sun Yat-sen University Cancer Center Clinical Research 308 Program (nos. 2014-fxy-106 and 2016-fxy-079).



Acknowledgments

We thank all the pathologists, oncologists, radiologists, surgeons, and nurses who contributed to this study. We thank all the patients and their families who participated in this study.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.796738/full#supplementary-material.

  

References

1. Tse, E, and Kwong, YL. The Diagnosis and Management of NK/T-Cell Lymphomas. J Hematol Oncol (2017) 10(1):85. doi: 10.1186/s13045-017-0452-9

2. Chan, JY, and Lim, ST. Novel Findings From the Asian Lymphoma Study Group: Focus on T and NK-Celllymphomas. Int J Hematol (2018) 107(4):413–9. doi: 10.1007/s12185-018-2406-6

3. Vose, J, Armitage, J, and Weisenburger, D. International T-Cell Lymphoma Project. International Peripheral T-Cell and Natural Killer/T-Cell Lymphoma Study: Pathology Findings and Clinical Outcomes. J Clin Oncol (2008) 26(25):4124–30. doi: 10.1200/JCO.2008.16.4558

4. Wang, H, Fu, BB, Gale, RP, and Liang, Y. NK-/T-Cell Lymphomas. Leukemia (2021) 35(9):2460–8. doi: 10.1038/s41375-021-01313-2

5. Sun, J, Yang, Q, Lu, Z, He, M, Gao, L, Zhu, M, et al. Distribution of Lymphoid Neoplasms in China: Analysis of 4,638 Cases According to the World Health Organization Classification. Am J Clin Pathol (2012) 138(3):429–34. doi: 10.1309/AJCP7YLTQPUSDQ5C

6. Liu, QF, Wang, WH, Wang, SL, Liu, YP, Huang, WT, Lu, N, et al. Immunophenotypic and Clinical Differences Between the Nasal and Extranasal Subtypes of Upper Aerodigestive Tract Natural Killer/T-Cell Lymphoma. Int J Radiat Oncol Phys (2014) 88(4):806–13. doi: 10.1016/j.ijrobp.2013.12.005

7. Vazquez, A, Khan, MN, Blake, DM, Sanghvi, S, Baredes, S, and Eloy, JA. Extranodal Natural Killer/T-Cell Lymphoma: A Population-Based Comparison of Sinonasal and Extranasal Disease. Laryngoscope (2014) 124(4):888–95. doi: 10.1002/lary.24371

8. Yamaguchi, M, Suzuki, R, and Oguchi, M. Advances in the Treatment of Extranodal NK/T Cell Lymphoma, Nasal Type. Blood (2018) 131(23):2528–40. doi: 10.1182/blood-2017-12-791418

9. Yamaguchi, M, Kita, K, Miwa, H, Nishii, K, Oka, K, Ohno, T, et al. Frequent Expression of P-Glycoprotein/MDR1 by Nasal T-Cell Lymphoma Cells. Cancer (1995) 76(11):2351–6. doi: 10.1002/1097-0142(19951201)76:11<2351::aid-cncr2820761125>3.0.co;2-1

10. Drenou, B, Lamy, T, Amiot, L, Fardel, O, Caulet-Maugendre, S, Sasportes, M, et al. CD3- CD561 non-Hodgkin’s Lymphomas With an Aggressive Behavior Related to Multidrug Resistance. Blood (1997) 89(8):2966–74. doi: 10.1182/blood.V89.8.2966

11. Egashira, M, Kawamata, N, Sugimoto, K, Kaneko, T, and Oshimi, K. P-Glycoprotein Expression on Normal and Abnormally Expanded Natural Killer Cells and Inhibition of P-Glycoprotein Function by Cyclosporin A and its Analogue, PSC833. Blood (1999) 93(2):599–606. doi: 10.1182/blood.V93.2.599

12. Yamaguchi, M, Kwong, YL, Kim, WS, Maeda, Y, Hashimoto, C, Suh, C, et al. Phase II Study of SMILE Chemotherapy for Newly Diagnosed Stage IV, Relapsed, or Refractory Extranodal Natural Killer (NK)/T-Cell Lymphoma, Nasal Type: The NK-Cell Tumor Study Group Study. J Clin Oncol (2011) 29(33):4410–6. doi: 10.1200/JCO.2011.35.6287

13. Kwong, YL, Kim, WS, Lim, ST, Kim, SJ, Tang, T, Tse, E, et al. SMILE for Natural Killer/T-Cell Lymphoma: Analysis of Safety and Efficacy From the Asia Lymphoma Study Group. Blood (2012) 120(15):2973–80. doi: 10.1182/blood-2012-05-431460

14. Jiang, M, Zhang, H, Jiang, Y, Yang, Q, Xie, L, Liu, W, et al. Phase 2 Trial of “Sandwich” L-Asparaginase, Vincristine, and Prednisone Chemotherapy With Radiotherapy in Newly Diagnosed, Stage IE to IIE, Nasal Type, Extranodal Natural Killer/T-Cell Lymphoma. Cancer (2012) 118(13):3294–301. doi: 10.1002/cncr.26629

15. Li, X, Cui, Y, Sun, Z, Zhang, L, Li, L, Wang, X, et al. DDGP Versus SMILE in Newly Diagnosed Advanced Natural Killer/T-Cell Lymphoma: A Randomized Controlled, Multicenter, Open-Label Study in China. Clin Cancer Res (2016) 22(21):5223–8. doi: 10.1158/1078-0432.CCR-16-0153

16. Jaccard, A, Gachard, N, Marin, B, Rogez, S, Audrain, M, Suarez, F, et al. Efficacy of L-Asparaginase With Methotrexate and Dexamethasone (AspaMetDex Regimen) in Patients With Refractory or Relapsing Extranodal NK/T-Cell Lymphoma, a Phase 2 Study. Blood (2011) 117(6):1834–9. doi: 10.1182/blood-2010-09-307454

17. Wang, L, Wang, ZH, Chen, XQ, Li, YJ, Wang, KF, Xia, YF, et al. First-Line Combination of Gemcitabine, Oxaliplatin, and L-Asparaginase (GELOX) Followed by Involved-Field Radiation Therapy for Patients With Stage IE/IIE Extranodal Natural Killer/T-Cell Lymphoma. Cancer (2013) 119(2):348–55. doi: 10.1002/cncr.27752

18. Li, JW, Li, YJ, Zhong, MZ, Liu, XL, Li, J, Li, KL, et al. Efficacy and Tolerance of GELOXD/P-GEMOXD in Newly Diagnosed Nasal-Type Extranodal NK/T-Cell Lymphoma: A Multicenter Retrospective Study. Eur J Haematol (2018) 100(3):247–56. doi: 10.1111/ejh.13004

19. Sabattini, E, Bacci, F, Sagramoso, C, and Pileri, SA. WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues in 2008: An Overview. Pathologica (2010) 102(3):83–7.

20. Cheson, BD, Pfistner, B, Juweid, ME, Gascoyne, RD, Specht, L, Horning, SJ, et al. Revised Response Criteria for Malignant Lymphoma. J Clin Oncol (2007) 25(5):579–86. doi: 10.1200/JCO.2006.09.2403

21. Pan, ZH, Huang, HQ, Lin, XB, Xia, YF, Xia, ZJ, Peng, YL, et al. Prognostic Analysis of Patients With Nasal-Type NK/T-Cell non-Hodgkin’s Lymphoma: A Report of 93 Cases. Chin J Cancer (2005) 24(12):1493–7.

22. Huang, H, Lin, Z, Lin, X, Cai, Q, Xia, Z, and Jiang, W. Long Term Outcomes of Patients With Newly Diagnosed Extranodal Naturalkiller/T Cell Lymphoma Treated by Etoposide, Prednisone, Vincristine, Cyclophosphamide, and Doxorubicin Regimen: A Single-Institutionexperience. Leuk Lymphoma (2011) 52(6):1041–8. doi: 10.3109/10428194.2011.561388

23. Kim, SJ, Yoon, DH, Jaccard, A, Chng, WJ, Lim, ST, Hong, H, et al. A Prognostic Index for Natural Killer Cell Lymphoma After non-Anthracycline-Based Treatment: A Multicentre, Retrospective Analysis. Lancet Oncol (2016) 17(3):389–400. doi: 10.1016/S1470-2045(15)00533-1

24. Gao, Y, Huang, HQ, Wang, XX, Bai, B, Li, PF, Zhou, H, et al. P-Gemox Regimen (Pegaspargase, Gemcitabine, Oxaliplatin) for Extranodal Natural Killer Cell Lymphoma: 10 Years’ Real-World Clinical Experience From China. Blood (2018) 132:1659. doi: 10.1182/blood-2018-99-116551

25. Zhang, L, Wang, Y, Li, X, Li, L, Wang, X, Sun, Z, et al. Radiotherapy vs Sequential Pegaspargase, Gemcitabine, Cisplatin and Dexamethasone and Radiotherapy in Newly Diagnosed Early Natural Killer/T-Cell Lymphoma: A Randomized, Controlled, Open-Label, Multicenter Study. Int J Cancer (2021) 148(6):1470–7. doi: 10.1002/ijc.33329

26. Möricke, A, Reiter, A, Zimmermann, M, Gadner, H, Stanulla, M, Dördelmann, M, et al. Risk-Adjusted Therapy of Acute Lymphoblastic Leukemia can Decrease Treatment Burden and Improve Survival: Treatment Results of 2169 Unselected Pediatric and Adolescent Patients Enrolled in the Trial ALL-BFM 95. Blood (2008) 111(9):4477–89. doi: 10.1182/blood-2007-09-112920

27. Zheng, W, Ren, H, Ke, X, Xue, M, Zhang, Y, Xie, Y, et al. PEG-Asparaginase in BFM-90 Regimen Improves Outcomes in Adults With Newly Diagnosed Lymphoblastic Lymphoma. Chin J Cancer Res (2017) 29(1):66–74. doi: 10.21147/j.issn.1000-9604

28. Kako, S, Akahoshi, Y, Harada, N, Nakano, H, Kameda, K, Ugai, T, et al. Meta-Analysis and Meta-Regression Analysis to Compare the Outcomes of Chemotherapy for T- and B-Lineage Acute Lymphoblastic Leukemia (ALL): The Use of Dexamethasone, L-Asparaginase, and/or Methotrexate may Improve the Outcome of T-Lineage ALL. Ann Hematol (2016) 95(1):87–92. doi: 10.1007/s00277-015-2510-0

29. Kim, A, Lee, JE, Jang, WS, Lee, SJ, Park, S, Kang, HJ, et al. A Combination of Methotrexate and Irradiation Promotes Cell Death in NK/T-Cell Lymphoma Cells via Down-Regulation of NF-κb Signaling. Leuk Res (2012) 36(3):350–7. doi: 10.1016/j.leukres.2011.07.027

30. Hill, QA, and Owen, RG. CNS Prophylaxis in Lymphoma: Who to Target and What Therapy to Use. Blood Rev (2006) 20(6):319–32. doi: 10.1016/j.blre.2006.02.001

31. Miyazaki, K, Taguchi, S, Oguchi, M, Suzuki, R, Asano, N, Terui, Y, et al. Incidence and Risk Factors of Central Nervous System Relapse in Localized Extranodal Nk/T-Cell Lymphoma, Nasal Type: An Analysis of Nkea Study. Blood (2018) 132:2935. doi: 10.1182/blood-2018-99-115546

32. Kim, H, Jeong, H, Yamaguchi, M, Sohn, I, Yoon, SE, Byeon, S, et al. Prediction and Prevention of Central Nervous System Relapse in Patients With Extranodal Natural Killer/T-Cell Lymphoma. Blood (2020) 136(22):2548–56. doi: 10.1182/blood.2020005026

33. Pearson, AD, Amineddine, HA, Yule, M, Mills, S, Long, DR, Craft, AW, et al. The Influence of Serum Methotrexate Concentrations and Drug Dosage on Outcome in Childhood Acute Lymphoblastic Leukaemia. Br J Cancer (1991) 64(1):169–73. doi: 10.1038/bjc.1991.263

34. Yamaguchi, M, Suzuki, R, Kwong, YL, Kim, WS, Hasegawa, Y, Izutsu, K, et al. Phase I Study of Dexamethasone, Methotrexate, Ifosfamide, L-Asparaginase, and Etoposide (SMILE) Chemotherapy for Advanced-Stage, Relapsed or Refractory Extranodal Natural Killer (NK)/T-Cell Lymphoma and Leukemia. Cancer Sci (2008) 99(5):1016–20. doi: 10.1111/j.1349-7006.2008.00768.x




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 © 2022 Wang, Wang, Sun, Liu, Yang, Wang, Rao, Li, Jiang, Huang and Li. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Phase II Study of Gemcitabine, Peg-Asparaginase, Dexamethasone and Methotrexate Regimen for Newly Diagnosed Extranodal Natural Killer/T-Cell Lymphoma, Nasal Type: Final Analysis With Long-Term Follow-Up and Rational Research for the Combination

      

        		

          Clinical Trial Registration

        



        		

          Introduction

        



        		

          Patients and Methods

        

          		

            Patients

          



          		

            Treatment and Protocol Design

          



          		

            Response and Safety Assessments

          



          		

            Cell Culture

          



          		

            CCK8 Assay

          



          		

            Determination of Cellular Oxygen Species (ROS)

          



          		

            Flow Cytometry of Apoptosis

          



          		

            Western Blot Analysis

          



          		

            Statistical Methods

          



        



        



        		

          Results

        

          		

            Patient Characteristics

          



          		

            Clinical Response

          



          		

            Survival and Relapse

          



          		

            Toxicity

          



          		

            The Influence of MTX Plasma Concentrations

          



          		

            Prognostic Factors

          



          		

            The Synergistic Effect of the High-Dose MTX (HD-MTX) and Gemcitabine in the GAD-M Regimen

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-796738-g003.jpg
SNK6 SNK6
150- 150

E 100 E 100

-] i)

8 ©

2 50 2 50

[ [}

(] o

0.0 0.2 0.4 06 08

S QA S >DO D P P
S S
&» & é,,» &» é&» & P Q.;» R @°° N Fa
AV VWY Y WYY & o
Concentration of GME (mM) Concentration:ofMTX: (mi)
NKYS NKYS NKYS
150 150 - 1d
-= 2d
= = — 3d
S X -+ 4d
2 100 2 100
o -
8 ©
2 50 2 50
@ @
o [$]
0 .|
0.0 0.. 0. 0.! 0.8
g QQQ'\ @Q\ @Q\ N @\ OIS 2 F: €
Q7 S S O °
N 2 Q*Q > ©
Concentration of GME (mM) Concentrgtion-ofMTX (M)
E
SNK6 NKYS NKYS
Jekk E ;
ek % S
80 & &
c c
= ° & E
3 60 = > ~
a ok Z 58 88
2 o oT ox
2 4 ek 2 25 E15
2 2 s s2
-3 o o @
o o '3 e
220 14 ° 4
2 2
s 5
o 2 &
£ & ©
& S

S & & < c—caspase3 -

p-IREL o (AT ] pIRELa [SFRS RS - caspasel2 caspasel12 [ S8 L0 =)
1] o[ ——] IRE] o [ ——] p-p38 p-p3g [ = -]

B —tubul i n [ ——— B ~tubulin = e B *tubulin[El B —tubulin

SNK6 NKYS SNK6 NKYS





OEBPS/Images/table2.jpg
Toxicity

Hematological AEs
Anemia

Leukocytopenia
Neutropenia
Thrombocytopenia
Non-hematological AEs
Hypoalbuminemia
Increased transaminases
Hyperbilirubinemia
Decreased fibrinogen
Mucositis

Vomiting

Increased Cr

Abdominal pain
Epistaxis

Pancreatitis

No. of Adverse Events (%)

4(11.1)

Grade 2

15 (41.7)
14 (38.9)
7.(19.4)
8(22.2)

26 (72.2)
6(16.7)
6(16.7)
3(8.3)
6(16.7)
2(5.6)
128
0
0
0

Grade 3

17 (47.2)
6(16.7)

10 (27.8)
2(5.6)

256
2(56
4(11.1
5(13.9)

oo

1

2.8)

coo

Grade 4

128
3(83)
4(11.1)

coooocoocooooo

Grade 5

o ooo

OcoooNooooo
el

Total

36 (100.0)
29 (80.6)
28 (77.8)
16 (44.4)

36 (100.0)
32 (89.0)
19 (52.8)
10 (27.8)
8(22.2)

5(13.9)

5(139)

2(5.6)

128
0

AE. adverse event: Cr, creatinine.





OEBPS/Images/table4.jpg
Factors PFS os

HR 95%Cl P value HR 95%Cl P value
PINK-E > 1 5.714 1.601-20.399 0.007 8.285 1.602-42.847 0.012
The plasma MTX concentration ratio < 100 or > 1000 3.756 1.063-13.271 0.040 6.211 1.208-31.925 0.029

PINK-E, prognostic index for natural killer lymphoma-Epstein-Barr virus; MTX, methotrexate.
The bold values means both PINK-E>1 and the plasma MTX concentration ratios calculated at 12 to 24 hr during the first cycle < 100 or = 1000 were the independent risk factors in ENKTL.





OEBPS/Images/table3.jpg
Factors PFS os
HR 95%Cl P value HR 95%Cl P value

Age > 60 years old 0.981 0.125-7.681 0.985 3.336 0.669-16.626 0.141
Gender: male 0.876 0.256-2.994 0.832 1.434 0.289-7.107 0.659
ECOG PS = 2 3.921 1.002-15.348 0.050 9.113 2.245-36.999 0.002
B symptoms 3.627 0.782-16.827 0.100 5.005 0.615-40.702 0.132
Ann Arbor Stage IIl/IV 6.436 1.862-22.251 0.003 2.905 0.584-14.452 0.193
LDH > 245 U/ 0.945 0.250-3.562 0.933 0.351 0.043-2.856 0.328
EBV DNA copy > 10° copies/ml 7.896 1.009-61.818 0.049 5.086 0.625-41.368 0.128
EBV DNA copy > 0 copies/ml 39.532 0.207-7561.384 0.170 36.316 0.066-19954.117 0.264
CRP > 10 mg/l 3.622 1.054-12.441 0.041 3.018 0.720-12.649 0.131
IPl > 2 6.436 1.862-22.251 0.003 2.905 0.584-14.452 0.193
PINK-E > 1 7.081 2.039-24.588 0.002 10.380 2.071-52.021 0.004
KPI > 1 2.056 0.626-6.753 0.235 2678 0.640-11.217 0.178
The plasma MTX concentration ratio < 100 or > 1000 4.950 1.438-17.042 0.011 8.090 1.623-40.326 0.011

ECOG PS, Eastern Cooperative Oncology Group performance status; B symptoms consist of unexplained fever above 38C, night sweating, or weight loss of more than 10% within
6 months; LDH, lactate dehydrogenase; EBV DNA, Epstein-Barr Virus deoxyribonucleic acid; CRP, C-reactive protein; IPI, International Prognostic Index; PINK-E, prognostic index for
natural killer lymphoma-Epstein-Barr virus; KPI, Korean Prognostic Index; MTX, methotrexate.
The bold values means PINK-E>1 and the plasma MTX concentration ratio < 100 or = 1000 were significant poor prognostic predictors of both PFS and OS.





OEBPS/Images/fonc-12-796738-g001.jpg
38 patients screened for
trial participation

2 patients excluded:

1 had liver cirrhosis

1 was overage when he signed the informed
consent

36 patients enrolled

2 progressed during the first 2 cycles
(PDn=2)

34 patients completed 2 cycles
(CRn=18,PRn=16)

1 progressed
1 Died of treatment related toxicity

32 patients completed
the subsequent cycles
+ Sandwich 2FRT
(CRn=30, PRn=2)

32 patients entered the follow-up
(CRn=24, PDn=2,Relapsen=6)





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-12-796738-g002.jpg
Progression-FreeSurvival (%)

No. at risk

100.

Total

Progression-Free Survival (%)

No. at risk

40.

3-year PFS:74.8% (95%CI:60.5%-89.1%)
5-year PFS: 68.3% (95%C1:52.6%-84.0%)

T T
00 2000 4000 6000

Time (months)

36 26 25 7

100 < MTX concentration ratio <1000

emarrn

3-year PFS:87.5%, 5-year PFS:83.3%

MTX concentration ratio < 100 or => 1000
-
3-year PFS: 47.6%, 5-year PFS: 35.7% :
e

0 2000 4000 60.00
Time (months)

24 21 20
12 5 5 o

10004

400

Overall Survival(%)

004

3-year and 5-year 0S: 77.8% (95%Cl: 64.3%-91.3%)

No. at risk

Total

g

36

T
2000 4000 60.00
Time (months)

29 28 8

400

Overall Survival (%)

D T R T

No. at risk

e =T 100 < MTX concentration ratio <1000

%0

3-year and 5-year 0S: 91.7%

MTX concentration ratio <100 or = 1000

cmsmimcmsmimimmimim it m et OO

3-year and 5-year 0S: 50.0%

P=0.002

2000 4000 6000
Time (months)

23 22 8
6 6 0






OEBPS/Images/fonc.2022.796738_cover.jpg
, frontiers
in Oncology

Phase Il Study of Gemcitabine, Peg-
Asparaginase, Dexamethasone and
Methotrexate Regimen for Newly
Diagnosed Extranodal Natural Killer/
T-Cell Lymphoma, Nasal Type:
Final Analysis With Long-Term
Follow-Up and Rational Research
for the Combination





OEBPS/Images/table1.jpg
Characteristic Number of assessable patients (%)
Age (years)

Range (Median) 18-73 (47)

> 60 4 1.4

<60 32 88.9
Gender

Male 25 69.4

Female 11 30.6
ECOG PS

0-1 31 86.1

2-3 5 13.9
B symptoms

Yes 22 61.1

No 14 38.9
Ann Arbor stage

Stage I-Il 31 86.1

Stage IlI-IV 5 13.9
LDH

> 245 U/ 10 27.8

<245 U/ 26 722
High EBV DNA copy number
> 10° copies/ml 22 61.1

< 10° copies/ml 14 38.9
Detectable EBV DNA copy

> 0 copies/ml 26 72.2

< 0 copies/ml 10 27.8
CRP

>10 mg/l 14 38.9

<10 mg/I 22 61.1
IPI

0 19 52.8

1 12 33.3

22 5 18.9
PINK-E

Low 25 69.4

Intermediate 4 11

High 7 19.4
KPI

0-1 21 58.3

2-4 16 a7

ECOG PS, Eastem Cooperative Oncology Group performance status; B symptoms
consist of unexplained fever above 38, night sweating, or weight loss of more than
10% within 6 months; LDH, lactate dehydrogenase; EBV DNA, Epstein-Barr Virus
deoxyribonucleic acid; CRP, C-reactive protein; IPI, Intemational Prognostic Index;
PINK-E, prognostic index for natural killer lymphoma-Epstein-Barr virus; KPI, Korean

Prognostic Index.





