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Background

Malignancies, especially lymphoma, are a common cause of adult secondary HLH and an independent risk factor for the prognosis of HLH patients.



Methods

Patients with lymphoma alone or concurrent lymphoma-associated phagocytic syndrome (LAHS) admitted to Beijing Friendship Hospital from January 2016 to December 2020 were enrolled in this study.



Findings

There were 348 lymphoma patients, 104 concurrent with LAHS. The pathological type of lymphoma without LAHS was dominated by B-cell lymphoma, while those with LAHS were T/NK-cell lymphoma predominantly (p < 0.001). Superficial lymph node enlargement was more significant in patients with B-LAHS (p = 0.006), while patients with T/NK-LAHS had lower neutrophil counts (p = 0.005), lower fibrinogen levels (p < 0.001), higher transaminase levels, and more co-infection with EBV (p < 0.001). B-LAHS had significantly higher IL-10 levels than with T/NK-LAHS (p = 0.006), and NK/T-LAHS had significantly higher IP-10 levels than other T-LAHS (p = 0.008). Age, platelet count, IPI, history of NK/T lymphoma, and no remission of HLH were independent risk factors for prognosis in patients with non-Hodgkin lymphoma-associated phagocytic syndrome (NHL-LAHS), and a prognostic risk score model for NHL-LAHS was developed.



Conclusion

LAHS is a life-threatening disease with a poor prognosis. The prognostic risk score model for NHL-LAHS with a good fit and validation for the test has value for clinical application.
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Introduction

Hemophagocytic syndrome (HPS), also known as hemophagocytic lymphohistiocytosis (HLH), is a clinical syndrome resulting from inherited or acquired abnormalities of immune function (1). The disease was initially observed and studied in children, and subsequently found to be not rare in adults (2). The multifactorial analysis identified malignancy as an independent risk factor for the prognosis of patients with HLH, and lymphoma was the most common cause of malignancy-associated HLH (3). Due to the heterogeneous nature of HLH, a review of previous studies of lymphoma-associated HLH showed that the number of cases was generally small. Studies tended to focus on a subgroup of lymphomas, mostly NK/T lymphomas, and rarely tested the levels of soluble interleukin 2 receptors (sCD25) or the function of natural killer (NK) cells in adults (4–7). Therefore, this study aimed at demonstrating the clinical features of lymphoma-associated phagocytic syndromes (LAHS), establishing prognostic stratification, gaining a more comprehensive understanding of LAHS, and improving the overall prognosis of LAHS.



Methods


Patients

Patients with lymphoma alone or concurrent LAHS admitted to Beijing Friendship Hospital from January 2016 to December 2020 were enrolled in this study. It was approved by the Ethics Committee at Beijing Friendship Hospital. Informed written consent was obtained according to the Helsinki Declaration.

Lymphoma diagnosis was based on lymph node biopsy pathology concerning the World Health Organization classification of lymphoid neoplasms in 2016 (8). The staging of lymphoma was assessed using computed tomography (CT) or positron emission tomography (PET/CT) according to the Ann Arbor system, and the prognosis was assessed by the International Prognostic Index (IPI) score. HLH diagnosis was based on HLH-2004 diagnostic criteria (1). All patients with confirmed LAHS were screened for cytotoxic functions, including NK cell activity and degranulation function assays, and expression of proteins corresponding to HLH-deficient genes such as perforin, granzyme B, SAP, and XIAP. Gene sequencing should be performed to exclude primary HLH in patients with significant abnormalities in these conditions as well as in patients with recurrent LAHS.

We identified EBV infection by biopsy tissue ICH staining for EBER and real-time PCR of the patient’s blood, with at least one positive.

In addition to the above indicators mentioned, this study also examined the degranulation function (CD107a) and the levels of important cytokines such as IFN-γ and IL-10 to show the immune status in HLH patients.



Follow-Up

Telephone follow-ups were conducted based on hospitalization information. Starting point: The day the patient was admitted to the hospital; endpoint: June 30, 2021, or the date of death or loss of follow-up.



Statistical Analysis

The IBM SPSS Statistics 26.0 software was used. The measurement data were expressed as  ± sd or median (range); independent samples t-test, the one-way ANOVA test, the Mann–Whitney U test, and the Kruskal–Wallis test were used for comparisons, respectively. Count data were expressed as [cases (%)], and the χ2 test was used for comparison between groups. Overall survival time was determined by the Kaplan–Meier method and assessed by log-rank test. The area under the receiver operating characteristic (ROC) curve is used to select bounds for valuable indicators. The prognostic risk score model was established according to the corresponding score for each risk factor (the regression coefficient of each independent predictor in the multivariate Cox proportional risk model was divided by the least regression coefficient, and the resulting value was rounded to the nearest whole number to be the risk score value of that factor). Hosmer–Lemeshow tests were also performed with the validation group to assess the fit. p < 0.05 was considered a statistically significant difference.




Results


General Characteristics

In total, there were 348 lymphoma patients, 104 concurrent with LAHS. Sixty-two LAHS patients in this study underwent HLH-related genetic testing and the results were negative. The general characteristics are shown in Table 1. The median age was 58 years for patients with lymphoma alone and 48 years for LAHS patients (p < 0.001); the pathological type of lymphoma without LAHS was predominantly B-cell lymphoma (179 cases, 73.4%), especially diffuse large B-cell lymphoma (DLBCL) (89 cases, 36.5%), and others included mainly follicular lymphoma (FL) (29 cases, 11.9%) and marginal zone lymphoma (MZL) (25 cases, 10.2%); T-cell lymphoma (31 cases, 12.7%) was mainly composed of angioimmunoblastic T-cell lymphoma (AITL) (12 cases, 4.9%), peripheral T-cell lymphoma not otherwise specified (PTCL-NOS) (9 cases 3.7%), and anaplastic large-cell lymphoma (ALCL) (7 cases, 2.9%). LAHS was dominated by T/NK-cell lymphoma (54 cases, 51.9%), especially NK/T-cell lymphoma (26 cases, 25%).


Table 1 | Clinical characteristics of patients with lymphoma and LAHS.



HLH was combined in 42 (19.0%) of 221 B-cell lymphomas (p < 0.001), 54 (57.4%) of 94 T/NK-cell lymphomas (p < 0.001), and 5 (16.7%) of 30 HL (p = 0.098). The Ann Arbor stage was III/IV in 170 (69.7%) lymphoma patients without LAHS versus 100 (96%) LAHS patients (p < 0.001); 218 (89.3%) lymphoma alone versus 83 (79.8%) LAHS had IPI scores less than 4 (p < 0.001). Compared with lymphoma alone, LAHS patients had significantly more co-infection with EBV (57, 55.3% vs. 22, 23.7%) (p < 0.001), central nervous system (CNS) involvement (17, 16.3% vs. 5, 2.0%) (p < 0.001), abnormal liver function (89, 85.6% vs. 57, 23.4%) (p < 0.001), and higher lactate dehydrogenase (LDH) levels (median 509 U/L vs. median 216 U/L) (p < 0.001).

Of all LAHS patients, 66 (63.5%) had HLH as the first presentation and 38 (36.5%) had lymphoma as the first presentation. There were only five HLs out of 104 LAHS patients, which was not representative enough, so this study focused on analyzing the clinical characteristics of NHL-LAHS shown in Table 2. The mean age of patients with T/NK-LAHS and B-LAHS was 41 and 52 years, respectively (p = 0.001). The superficial lymph node enlargement (40 cases, 95.2%) of patients with B-LAHS was more significant (p = 0.006) compared with T/NK-LAHS (40 cases, 74.1%), while patients with T/NK-LAHS had lower neutrophil count (median 1.3×109/L vs. 2.2×109/L) (p = 0.005), lower fibrinogen level (median 1.9 g/L vs. 3.3 g/L) and higher transaminase levels (ALT 59.5 U/L vs. 22.0 U/L, AST 60.2 U/L vs. 32.2 U/L) (p < 0.001) and more likely to have co-infection with EBV (41 cases, 75.9% vs. 8 cases, 19.5%) (p < 0.001).


Table 2 | Clinical characteristics of patients with B-LAHS and T/NK-LAHS.



The inflammatory state of HLH is often characterized by hypercytokinemia. In this study, except for IL-10, which was significantly higher in patients with B-LAHS (median 55.4 pg/ml) than in patients with T/NK-LAHS (median 10.4 pg/ml) (p = 0.008), no significant differences were seen for other cytokines.

Since NK/T-NHL is an important subtype of T-cell NHL, T/NK cell lymphoma was further subclassified as shown in Table 2. The difference between B-LAHS and T/NK-LAHS is mainly from B-LAHS and NK/T-LAHS. Regarding co-infection with EBV, there was a significant difference among B, NK/T-LAHS, and other T-LAHS (p < 0.001), with B-LAHS less frequently co-infected with EBV (8 cases, 19.5%), T-LAHS second (16 cases, 57.1%), and NK/T-LAHS most frequently co-infected with EBV (25 cases, 96.2%). About cytokine levels, comparing NK/T-LAHS with other T-LAHS, IP-10 levels were significantly higher in the former (275 vs. 56.4 pg/ml) (p = 0.008). Comparing B-LAHS with T-LAHS other than NK/T, the former had significantly higher IL-10 levels than the latter (55.4 vs. 6.8 pg/ml) (p = 0.006).

Furthermore, EBER DNA copies in plasma and peripheral blood mononuclear cells (PBMCs) were higher in patients with NK/T-LAHS than in other T-LAHS, but none of them was statistically significant (p > 0.05). Twenty-three cases were positive for EBER in NK/T-LAHS, 14 in the bone marrow, and 4 in lymph nodes, while 10 cases were positive in other T-LAHS and 7 in lymph nodes, with significant differences (p = 0.001).



Treatment and Survival

Among the 348 lymphoma patients, the prognosis of patients with lymphoma alone was significantly better than that of LAHS patients (p < 0.001; Figure 1A).




Figure 1 | (A) Survival curves of patients with lymphoma without LAHS (n = 244) vs. with LAHS (n = 104). “Non-LAHS” means lymphoma without LAHS. (B) Survival curves of patients with B-LAHS (n = 42) vs. NK/T-LAHS (n = 26). (C) Survival curves of LAHS patients with HSCT (n = 15) vs. without HSCT (n = 89). (D) Survival curves of patients received HSCT with lymphoma alone (n = 11) vs. LAHS (n = 15). “Non-LAHS” means lymphoma alone.



The treatment regimen for HLH in this study was mostly based on DEP (doxorubicin-etoposide-methylprednisolone) (9) combined with chemotherapy. Patients were observed for treatment response, 2 in complete response (CR), 56 in partial response (PR), 30 in no response (NR), 3 relapsed, and 1 flared up. The median follow-up time for overall LAHS patients was 648 (range 4–1,548; 95% CI: 453–843) days, and median survival time was 459 (95% CI: 309–609) days. In different pathological types, the median survival time was 533 (range 5–1,548) days for B-LAHS patients, 468 (range 4–1,278) days for T-LAHS patients, and 395 (range 5–840) days for NK/T-LAHS patients. Overall survival (OS) rates at 0.5, 1, and 2 years were 72.0%, 66.0%, and 44.2% for B-LAHS patients and 52.8%, 52.8%, and 9.9% for NK/T-LAHS patients, respectively, with significant differences (p = 0.017; Figure 1B). OS rates for T-LAHS were 60.9%, 51.1%, and 46.0%, respectively, with no significant differences compared with the other two groups.

Of the 104 LAHS patients, 89 did not receive hematopoietic stem cell transplantation (HSCT) with a median survival time of 365 days, while 15 received HSCT (including 4 autologous and 11 allogeneic) with a mean survival time of 987 days (p = 0.009; Figure 1C). Eleven lymphoma patients without LAHS received HSCT, namely, nine autologous and two allogeneic (p = 0.200; Figure 1D).



Prognostic Risk Score Modeling

There were 96 cases of NHL-LAHS from January 2016 to December 2020 in this study. We randomly took 16 cases from 2017 to 2019 to validate the risk model for the prognosis of patients with NHL-LAHS developed by the remaining (80 in total).

The results of the univariate analysis of patients with LAHS are presented in Table 3; NK/T pathology type, co-infection with EBV, and HLH in remission without HSCT were prognostic risk factors (p < 0.05). Age, IPI score, and platelet count were also prognostic risk factors by one-way ANOVA assay (p < 0.05).


Table 3 | Cox regression analysis of prognostic risk factors.



The seven risk factors obtained above were subjected to COX multifactorial analysis as shown in Table 3, and age, NK/T pathology type, PLT count, and IPI score with no remission were all independent risk factors for the prognosis of LAHS patients.

The area under the receiver operating characteristic (ROC) curve was used to select bounds for IPI, age, and PLT as shown in Figure 2A (area for PLT: 0.385, p = 0.044; area for age: 0.619, p = 0.037; area for IPI: 0.632, p = 0.021), and the NHL-LAHS prognostic risk score model is shown in Table 3.




Figure 2 | (A) The area under the receiver operating characteristic (ROC) curve used to select bounds for IPI, age, and PLT. (B) Survival curves of the validation group.



The Hosmer–Lemeshow test (p = 1.000) indicated that the model fitted the data well. Based on the model, the validation group of cases was divided into groups: low risk (0–1 score), intermediate risk (2–3 score), and high risk (4–5 score) with a significant difference in survival time between the three groups (p = 0.004; Figure 2B).




Discussion

Tumor-associated HLH is known to occur during the treatment of malignancy or to manifest when malignancy has not yet been diagnosed, and the pathogenesis is tumor stimulation, immune suppression by chemotherapy, genetic, and infection-triggered (9). In this study, 38 (36.5%) patients with HLH had a history of lymphoma, while 66 (63.5%) with HLH as their first presentation developed or discovered lymphoma. That is, HLH may mask the underlying lymphoma of patients, making the diagnosis of lymphoma difficult. In China, NK/T-cell lymphoma is the predominant subtype of LAHS (10), and in Japan, although DLBCL is the most common pathological type of LAHS, the incidence of concurrent LAHS is higher in patients with T/NK-cell lymphoma than in B-cell lymphoma (11). This study found similarly that T/NK-cell lymphoma, especially NK/T-cell lymphoma, was more likely to be combined with HLH compared with B-cell lymphoma (p < 0.001). Regarding infection, only 22 lymphoma patients tested positive for EBV (23.7%), while 57 (55.3%) LAHS patients were combined with EBV infection (p < 0.001). Among these, 8 (19.5%) had EBV infection in B-LAHS, 16 (57.1%) in T-LAHS, and 25 (96.2%) in NK/T-LAHS (p < 0.001). However, an in-depth analysis of patients with HL-LAHS was not performed because there were only five HLs in the overall LAHS. Classical Hodgkin lymphoma complicated by HLH is rare relative to other lymphomas, but Mánard et al. found a strong correlation with EBV in 34 patients with HL-LAHS, considering some link between it and X-linked lymphoproliferative disease (12). EBV has a pathogenic role in the development of extranodal NK/T-cell lymphoma nasal type (ENKTL-NT), and circulating EBV-DNA copies reflect tumor load and activity (13). In this study, the median EBV-DNA copies in plasma and PBMCs of patients with NK/T-LAHS were 170,000 and 11,000, respectively, higher than those in other T-LAHS (24,000 and 6,200), but the differences were not statistically significant (p = 0.531 and 0.804). Interestingly, the result of a study demonstrated that EBV-DNA titers detected in the plasma of patients with extranodal NK/T-cell lymphoma (ENKTL) at more than 4,450 copies/ml was a predictor for NK/T-LAHS (14). Remarkably, up to 10% of all DLBCLs, as well as all cases of endemic BL are now recognized as being EBV-positive, while only 10%–15% of sporadic BL are EBV-positive (15). However, Jin et al. identified the lineage of EBV-infected cells from EBV-HLH patients by immunohistochemistry double staining and found that most of them were CD31/EBER1, suggesting that EBV predominantly infects T cells in Chinese populations (16). It supports the idea that NHL-LAHS was more frequently associated with EBV infection than NHL and T/NK-LAHS than B-LAHS in this study.

The gold standard for detecting EBV remains in situ hybridization (ISH) of EBV-encoding RNA (EBER) in biopsied tissue (17). A study of 62 lymphomas found that 31.3% of PTCL-NOS and 100% of ENKTL-NT were positive for EBER in tumor cells (18). In this study, 23 (88.5%) NK/T-LAHS and 10 (35.7%) T-LAHS were EBER positive (p = 0.001), consistent with previous lymphoma studies. In addition, NK/T-cell lymphoma occurs mainly in extranodal organs, while primary nodal manifestations are very rare (19). In this study, there were 40 cases (95.2%) of superficial lymph node enlargement in patients with B-LAHS and only 18 cases (69.2%) in patients with NK/T-LAHS (p = 0.005).

The pathogenesis of primary HLH is known to be altered NK cell toxicity and reduced degranulation function due to genetic mutations. Corresponding functional screening tests can rapidly help in diagnosing and classifying patients with primary HLH (20). A multicenter study found that although NK cell activity and CD107a degranulation function assays are consistent, they are not interchangeable (21). A prospective multicenter study found that secondary HLH (sHLH) is not due to a primary cytotoxic defect but mimics other hyperinflammatory syndromes associated with cytokine storm (22). In this study, the median level of NK cell activity in patients with NHL-LAHS was similar to the lower limit of normal, and CD107a did not reduce in nearly 73% of patients, with no significant differences between B-LAHS and T/NK-LAHS for either of the two indicators (p > 0.05). Considering that macrophages/monocytes of sHLH produce a mixture of cytokines, particularly TNF and various interleukins (i.e., IL-6, IL-1β and IL-18), which trigger a series of inflammatory pathways and ultimately produce a cytokine storm (23), with elevated sCD25 as an early marker of T-cell activation in HLH and closely associated with IFN-γ (24). We believe that the normal range of sCD25 is <6400pg/ml, IL1RA is ≤206pg/ml, IFN-γ is ≤7pg/ml, and IL-18 is ≤50pg/ml. From Table 2, we can see that the above 4 indicators are obviously beyond the normal range. Therefore, as it was written in this essay, levels of sCD25, IL1RA, IFN-γ, and IL-18 were found to be significantly elevated in patients with NHL-LAHS, but no significant difference between B and T/NK (p > 0.05). It was hypothesized that all three cytokines were related to the inflammatory state of HLH itself and not much to the underlying disease (that is, lymphoma). A study also observed significant activation of the IL-18–IFN-γ axis in patients with sHLH/MAS, along with an increase in serum IL-1 receptor antagonist (IL-1Ra) (25), validating our speculation. Notably, this study found significantly higher IL-10 levels (median 55.35 pg/ml) in B-LAHS compared with other NHL-LAHS (p = 0.018). Ohno et al. studied 33 patients with LAHS and found significantly higher levels of IL-6, IL-10, and TNF-α in patients with B-LAHS than in patients with T/NK-LAHS, considering that these elevated cytokines were derived from the neoplastic B cells themselves (26). Previous studies found IP-10 elevating in HLH patients during the active phase and decreasing after chemotherapy and during recovery, and expression of IP-10 was enhanced in IFN-γ-activated macrophages in the liver, spleen, and bone marrow (27). It is suggested that IP-10 is associated with the pathophysiology of HLH. A retrospective study found higher levels of IP-10 in T/NK-LAHS patients than in B-LAHS patients (28), but in this study, IP-10 in NK/T-LAHS (median 275 pg/ml) was more significantly higher than other T-LAHS (median 95.15 pg/ml) (p = 0.008). Previously, IP-10 has been studied to play an important role in the pathogenesis of tissue necrosis and vascular injury associated with certain EBV-positive lymphoid tissue proliferation, such as EBV-positive lymphoma-like granuloma and ENKTL-NT (29). IP-10 was more significantly elevated in NK/T-LAHS than in other pathological types of NHL-LAHS in this study, considering that IP-10 is closely related to NK/T lymphoma.

Treatment of malignancy-triggered HLH needs to balance HLH-specific and tumor-specific treatment (30). In this study, the prognosis of LAHS patients who received HSCT was significantly better than that of patients who did not (p = 0.009). However, there was no significant difference in OS rate between patients receiving HSCT with LAHS and lymphoma (p = 0.200), suggesting that LAHS patients in HLH remission status can achieve the outcome of patients with lymphoma, so the treatment of LAHS patients should focus on HLH in the early stage and HLH remission lymphoma treatment afterward. The prognosis of NK-derived lymphoid proliferative diseases (LPD) with or without EBV differs significantly, the former exhibiting a more aggressive course (31). Since most quantitative polymerase chain reaction (PCR) assays target encapsulated viral particles and circulating EBV DNA, viremia may reflect only tumor-shed DNA and not viral replication (32). In this study, co-infection with EBV did not appear as an independent risk factor for poor prognosis in NHL-LAHS, which was considered to be influenced by EBV test and lymphoma subtype. Non-Hodgkin lymphoma can be divided into two groups, “indolent” and “aggressive,” based on the disease’s prognosis. The treatment of NHL varies greatly, depending on tumor stage, grade, and type of lymphoma, and various patient factors (e.g., symptoms, age, performance status) (33). For the former, high efficacy of first-line regimens in most patients with FL (CR rate is approximately 60%; range 40%–80%), and 10-year OS rate is up to 71% with many patients anticipating a normal life expectancy (34); for the latter, diffuse large B-cell lymphoma (DLBCL) is curable in about two-thirds of patients. Patients with germinal center B-cell-like (GCB) DLBCL have more favorable outcomes than those with activated B-cell-like (ABC) DLBCL when treated with standard immunochemotherapy, that is, R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) (35); a previous study confirmed that BL patients did not require stem cell transplantation and that disease-free survival (DFS) by R-HyperCVAD was comparable to the outcomes of other patients who received allo-HSCT (36). Aggressive PTCLs have a poor prognosis with most histologies having a 5-year survival of 30% with chemotherapy and are recommended consideration of ASCT for patients who achieve a CR or PR after high-dose chemotherapy (37). In this study, patients with NK/T-LAHS had a significantly worse prognosis than those with B-LAHS, and the pathological type of NK/T cell was found to be an independent risk factor for poor prognosis in patients with NHL-LAHS.

According to the epidemiological survey of HLH in China, the incidence of HLH in 2019 was 1.04/1,000,000, in which the incidence of LAHS was positively correlated with the age of onset (38). In this study, we mainly wanted to elucidate the clinical features of LAHS and its correlation with pathological types, and did not address the prevalence of LAHS; therefore, a large number of LAHS cases would be beneficial for our study. It is important to note that the data in this study came from a single-center, Capital Medical University affiliated Beijing Friendship Hospital, of which the hematology department is currently the largest HLH consultation and treatment center in China, with the highest annual intake of HLH patients in the country. This is why LAHS accounted for a large proportion of lymphoma patients in this study.

In the future, more cases and larger studies are needed to validate and revise the model, promoting the progress of LAHS research and updating the knowledge, assisting clinical decision-making, and improving patient prognosis.
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