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Objectives: Previous studies have reported the prognostic value of neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR), and systemic immune-inflammation index (SII). However, the prognostic performance of these indices in patients with testicular lymphoma has not yet been studied. This study was to systematically evaluate the role of NLR, PLR, LMR, and SII in predicting survival for patients with testicular diffuse large B-cell lymphoma.

Methods: In this study, 28 patients with testicular diffuse large B-cell lymphoma were enrolled. We performed univariate and multivariate analyses to assess associations of indices incorporating blood cell counts with progression-free survival (PFS) and overall survival (OS).

Results: The results of univariate analysis revealed that International Prognostic Index (IPI) score (p = 0.010, p = 0.034, respectively), NLR (p = 0.003, p = 0.025, respectively), and LMR (p = 0.004, p = 0.010, respectively) were significantly associated with PFS and OS. Lactic dehydrogenase (LDH) (p = 0.017), absolute neutrophil counts (p = 0.018), absolute monocyte counts (p = 0.001), and SII (p = 0.005) were significantly associated with the risk of disease progression, while ECOG performance status (p = 0.016) was shown to be related to the risk of death. In the multivariate analysis, NLR (HR 9.069, p = 0.001) and absolute monocyte counts (HR 37.076, p = 0.001) were shown to be independently associated with risk for disease progression, while LMR (HR 0.077, p = 0.028), and ECOG performance status (HR 20.013, p = 0.026) were proved to be independent predictors of OS.

Conclusions: In conclusion, high absolute monocyte counts, high NLR and low LMR may indicate unfavorable prognosis in testicular diffuse large B-cell lymphoma patients. Since indices incorporating blood cell counts are low cost parameters, they may provide additional prognostic value beyond standard clinicopathological parameters. However, further studies are needed to confirm our findings.
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INTRODUCTION

Testicular lymphoma, a rare disease, accounts for 5–9% of testicular malignancies, 2% of extranodal lymphomas, and 1–2% of non-Hodgkin's lymphomas with an estimated incidence of 0.26 in 100,000 per year (1, 2). However, testicular lymphoma is the most common diagnosed testicular malignancy in men aged over 60 years (1, 3). By far, diffuse large B-cell lymphoma is the most common histological subtype, accounting for more than 80% of testicular lymphoma (1).

The survival of patients with testicular lymphoma has been gradually improving with the development of treatment strategies (4). A study including 769 patients with testicular diffuse large B-cell lymphoma has reported that the median overall survival is 4.6 years while the disease-specific survival rates at 3, 5, and 15 years are 71.5, 62.4, and 43.0%, respectively (5).

Several prognostic factors for testicular lymphoma patients have been reported, such as age, stage, tumor diameter, involvement of left testis, involvement of extranodal site, B symptoms, serum lactate dehydrogenase (LDH), serum β2-microglobulin, Eastern Cooperative Oncology Group (ECOG) performance status, and International Prognostic Index (IPI) score (2, 6). However, validated predictors for survival in patients with testicular lymphoma are still not available.

Previous studies have reported the prognostic value of blood cell counts in patients with several types of tumor (7, 8). In addition, the values of pertinent indices incorporating blood cell counts, i.e., neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR), and systemic immune-inflammation index (SII) have also been reported to be associated with outcomes of those patients (9–11). However, to the best of our knowledgement, the prognostic significance of blood cell counts and indices derived from blood cells in patients with testicular lymphoma has not yet been studied.

In this study, we evaluated parameters at diagnosis including absolute lymphocyte counts, absolute neutrophli counts, absolute monocyte counts, absolute platelet count, NLR, PLR, LMR, and SII for their prognostic significance in patients with testicular diffuse large B-cell lymphoma.



MATERIALS AND METHODS


Patients

We reviewed the clinical and laboratory data of lymphoma patients treated at West China Hospital between December 2008 and December 2016. Patients with pathological diagnosis of testicular lymphoma were included in this study and 45 patients were identified among the entire population. Patients were excluded if they had human immunodeficiency virus infection or severe coincident diseases, and then 34 patients with testicular lymphoma were identified. Finally, 28 testicular diffuse large B-cell lymphoma patients with follow-up data were enrolled in this research. This study was approved by the Ethics Administration Office of West China Hospital, Sichuan University before initiation.

We retrieved demographic data, medical records and laboratory results of those patients, including gender, age, B symptoms (fever, night sweating, or weight loss), Ann Arbor stage, site of testicular tumor, lymph node involvemen, extranodal involvement, LDH level, serum β2-microglobulin, Eastern Cooperative Oncology Group (ECOG) performance status, IPI, absolute neutrophl counts, absolute lymphocyte counts, absolute platelet counts, and absolute monocyte counts. All the patients were staged according to the Ann Arbor staging system. The five risk factors taken into account in the IPI are age, ECOG performance status, LDH level, Ann Arbor stage, and extranodal sites (12).

The methodology of this research is similar to our previously published manuscript (13). All the data of blood cell counts was collected within 10 days prior to diagnosis. NLR and PLR were calculated by dividing the absolute neutrophli counts and platelet counts by the absolute lymphocyte counts, respectively. LMR was defined as the absolute lymphocyte counts divided by the absolute monocyte counts. SII was calculated as platelet counts × neutrophil counts/lymphocyte counts.



Statistical Analysis

Overall survival (OS) was defined as the period from the initial histological diagnosis to the time of last follow-up or until death from any cause. Progression-free survival (PFS) was defined as the interval between the date of initial histological diagnosis and the date of disease recurrences, progression, or death from any cause.

We divided patients into two groups according to the values of absolute neutrophil counts, absolute lymphocyte counts, absolute monocyte counts, absolute platelet counts, NLR, PLR, LMR, and SII, respectively, using the R package MaxStat (https://cran.r-project.org/web/packages/maxstat/index.html). The MaxStat package iteratively tests all possible cutpoints to find the cutpoint that achieves the maximum log-rank statistic (14, 15). The associations between each categorical variable and those indices were evaluated using the Fisher exact test and the Chi-square test, as appropriate. The associations between each continuous variable and those indices were evaluated using the Student's t test. As Kaplan–Meier method was used to estimate PFS and OS, the differences between groups was evaluated using the log-rank test. Univariate and multivariate analysis were carried out by the log-rank test and the Cox proportional hazard model. Variables with a p < 0.05 in the unvariate analysis were analyzed in the multivariate analysis to identify independent prognostic factors for patients with testicular diffuse large B-cell lymphoma. All tests were two-sided and a p < 0.05 was considered statistically significant. Statistical analyses were performed by R (version 3.6.1) and SPSS software (version 22.0, IBM Corporation, Armonk, NY, USA).




RESULTS


Patient Cohorts and Characteristics

A total of 28 patients with testicular diffuse large B-cell lymphoma were identified and analyzed in this study. They had a median age of 65 years (range 37–84 years) at the time of diagnosis. Eleven patients (39.3%) were younger than 60 years while 17 patients (60.7%) were older than 60 years. Of the entire patients, 10 (35.7%) had tumor located on the left side, 17 (60.7%) on the right side, whereas only 1 (3.6%) on the bilateral sides. Half of the patients were diagnosed with Ann Arbor stage I-II testicular diffuse large B-cell lymphoma other half of patients were diagnosed at stage III-IV. B symptoms were identified in 4 (14.3%) patients. IPI score was calculated in all patients, with 0–1 in 13 (46.4%) patients and 2–5 in 15 (53.6%) patients. The baseline characteristics of the patients were shown in Table 1.


Table 1. Baseline characteristics of the study population (n = 28).

[image: Table 1]

During a median follow-up time of 39.2 months (range 20.5–107.7 months), 12 patients (30.9%) died. The median survival was 31.3 months. The cutoff values based on PFS for absolute neutrophil counts, absolute lymphocyte counts, absolute monocyte counts, absolute platelet counts, NLR, PLR, LMR, and SII were 3.03, 1.22, 0.54, 134.00, 2.49, 136.89, 3.39, and 428.40, respectively. The cutoff values based on OS were 3.03, 1.12, 0.55, 209.00, 2.66, 59.18, 3.31, and 428.40 for absolute neutrophil counts, absolute lymphocyte counts, absolute monocyte counts, absolute platelet counts, NLR, PLR, LMR, and SII, respectively. Patients were divided into two cohorts by these cutoff values.



Univariate and Multivariate Analysis of PFS

The results of univariate analysis for PFS demonstrated that IPI score (28.7 vs. 24.3 months, p = 0.010), serum levels of LDH (31.4 vs. 21.7 months, p = 0.017), absolute neutrophil counts (28.0 vs. 25.1 months, p = 0.018), absolute monocyte counts (31.4 vs. 17.1 months, p = 0.001), NLR (30.2 vs. 24.3 months, p = 0.003), LMR (23.1 vs. 43.2 months, p = 0.004), and SII (30.2 vs. 24.3 months, p = 0.005) were significantly associated with PFS. The Kaplan—Meier survival curves show the same results (Figures 1, 2, and Supporting Figures 1–6). In the multivariate analysis for PFS, elevated absolute monocyte counts (hazard ratio [HR] 37.076; 95% confidence interval [CI] 4.691–293.037; p = 0.001) and NLR (HR 9.069; 95% CI 2.367–34.746; p = 0.001) were shown to be independently associated with an elevated risk for disease progression in patients with testicular diffuse large B-cell lymphoma. Table 2 shows the results of univariate and multivariate analyses for PFS.
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FIGURE 1. Kaplan–Meier curves of progression-free survival (PFS) (A) and overall survival (OS) (B) in testicular diffuse large B-cell lymphoma patients with high and low neutrophil/lymphocyte ratio (NLR) (p = 0.003, p = 0.025, respectively).
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FIGURE 2. Kaplan–Meier curves of progression-free survival (PFS) (A) and overall survival (OS) (B) in testicular diffuse large B-cell lymphoma patients with high and low lymphocyte/monocyte ratio (LMR) (p = 0.004, p = 0.010, respectively).



Table 2. Univariate and multivariate analysis of PFS.
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Univariate and Multivariate Analysis of OS

High IPI score (45.6 vs. 30.8 months, p = 0.034), ECOG performance status of 1 (31.8 vs. 31.3 months, p = 0.016), high NLR (32.3 vs. 30.9 months, p = 0.025), and low LMR (26.6 vs. 51.5 months, p = 0.010) were associated with worse OS according to the results of univariate analysis. Significant associations were not observed between absolute neutrophil counts, absolute lymphocyte counts, absolute monocyte counts, absolute platelet counts, PLR, SII, and OS. The Kaplan—Meier survival curves were shown in the Figures 1, 2, and Supporting Figures 1–6. In the multivariable model, high LMR retained significance for favorable OS (HR 0.077; 95% CI 0.008–0.760; p = 0.028). ECOG performance status (HR 20.013; 95% CI 1.431–279.876; p = 0.026) was also proved to be independent predictor of OS (Table 3).


Table 3. Univariate and multivariate analysis of OS.
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DISCUSSION

There is substantial evidence in various types of cancer that the host systemic immune response is a reliable independent prognostic factor, and pretreatment measurements of peripheral blood cells can be used to predict cancer outcomes. In this study, we reviewed 28 patients with testicular diffuse large B-cell lymphoma for their clinical and laboratory data, and demonstrated that IPI score, NLR and LMR were significantly associated with PFS and OS. LDH, absolute neutrophil counts, absolute monocyte counts, and SII were identified to be significantly associated with PFS; ECOG performance status was shown to be related to the risk of death. In addition, the results of multivariate analysis in this study revealed that absolute monocyte counts and NLR were independent prognostic markers for PFS, while ECOG performance status and LMR were proved to be independent predictors for OS in patients with testicular diffuse large B-cell lymphoma.

Lymphocytes have been reported to exert important roles in host's immune response and thus defense against development of cancer (16). In the past decades, neutrophils have been shown to promote tumor progression, and multiple mechanisms have been identified (17). Neutrophils secrete a variety of cytokines such as interleukin-2, interleukin-10, which is beneficial to cancer progression (18). The findings of this study indicated that elevated neutrophli counts are associated with high probability of cancer progression. Besides, increased neutrophil counts are related to high proportions of immature cells and thus influence functional status (17). Nevertheless, neutrophils were also have been reported to be potent anti-tumor effector cells (19). A number of recent studies have shown that high absolute neutrophil counts, low absolute lymphocyte counts, and high NLR in the blood as powerful immunologic prognostic parameters in patients with lymphomas (20, 21). Previous studies suggested that a prognostic parameter with HR > 2 is considered to be useful, which indicated that NLR was reliable to predict outcomes of testicular diffuse large B-cell lymphoma patients (22). However, further studies are needed to confirm the prognostic value of NLR among testicular lymphoma patients.

As regard to platelets, recent researches have reported that platelets promote tumor cell proliferation, dissemination, angiogenesis, and releasing of adhesion molecules and growth factors (23). Previous studies have also shown that platelets promote invasiveness of tumor cells through interactions between selectin, integrin and cancer cells (24). In addition, it has been shown that an increased absolute platelet counts might reflect degree of the systemic inflammation induced by tumor, because pro-inflammatory mediators such as interleukin-2, interleukin-3, and interleukin-6 can stimulate the proliferation of platelet progenitor cells (25). A limited number of studies have revealed that both high absolute platelet counts and PLR are strongly associated with poor survival in patients with lymphoma (26, 27). In the present study, neither absolute platelet counts nor PLR was found to be significantly associated with survival in patients with testicular diffuse large B-cell lymphoma. SII, involving platelet counts, neutrophil counts and lymphocyte counts, was found to be significantly associated with the risk of disease progression. Therefore, further researches are needed to investigate the ability of PLR and SII to predict survival in patients with testicular lymphoma.

The results of our study demonstrated that absolute monocyte counts and LMR were independent prognostic and predictive factors, which was previously reported in lymphoma and other types of cancer (28–30). Although cutoff values were slightly different in these studies, similar conclusions were drawn, indicating that an elevated LMR and low monocyte counts at diagnosis is associated with favorable outcomes. High monocyte counts have been reported to be related to increased number of bone marrow-derived myelomonocytic cells. Tsai et al. have reported that bone marrow-derived myelomonocytic cells can stabilize the tumor vasculature (31). Monocytes can also differentiate into tumor-associated macrophages, which release angiogenic factors and therefore promote angiogenesis (32). Therefore, absolute monocyte counts and LMR may serve as reliable prognostic factor for patients with testicular diffuse large B-cell lymphoma.

All the patients enrolled in this study received chemotherapy, and the most common regimen was CHOP. According to the results of univariate analysis, the survival of patients receiving CHOP was not significantly better than that of patients receiving other types of chemotherapy drugs. Previous studies have suggested that R-CHOP based chemotherapy with intrathecal chemotherapy may improve the rate of 5-year OS, which was not confirmed in our study, in part due to shorter follow-up duration (4). However, the results of our study demonstrated that patients receiving CHOP have better median PFS and OS. Furthermore, previous studies have suggested that radiotherapy and intrathecal chemotherapy may significantly improve OS (4). Our findings supported this conclusion, according to the HR value >1 for untreated patients. Therefore, in addition to surgery, we believed that chemotherapy, radiotherapy and intrathecal chemotherapy may also improve patient survival.

There are two potential limitations to this study. First, it was a retrospective, single-center study. Second, the population was somewhat small. Despite the above limitations, our study was the first to investigate the relationship between inflammation-based indices and prognosis in patients with testicular diffuse large B-cell lymphoma. Therefore, a multi-center, prospective study is required to confirm our results.

In conclusion, our study demonstrated that absolute monocyte counts, NLR and LMR were independent prognostic factors for PFS or OS in testicular diffuse large B-cell lymphoma patients. Since the indices incorporating blood cell counts are low cost parameters, they may provide additional prognostic value beyond standard clinicopathological parameters economically. However, further large-scaled studies are needed to confirm our results.
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Overall - 313 (32.6-49.6) - - - -
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Bilateral - -
Ann Arbor stage - 41.1(32.6-54.2) 1.00 0507
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B symptoms Present 28.7 (15.1-45.4) 1.00 -
Absent 32.4(33.2-52.6) -
Extranodal involvement (exclucing testicular) O 302 (28.5-49.0) 1.00 0.780
1 362 (25.3-55.6) 1.794 (0.191-16.865)
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Chemotherapy regimen RCHOP  31.4(332-52.6) 1.00 0.901
CHOP-lke  23.1 (9.4-56.3) 1.146 (0.135-9.709)
Radiotherapy Yes 54.8(32.2-81.9) 1.00 0.700
No 206 (28.1-41.4) 1.365 (020-6.649)
Prophylactic intrathecal injection Yes 289 (28.6-53.6) 1.00 0.171
No 33.3(28.5-53.8) 2.400 (0.645-11.937)
LDH <220 43.2 (36.9-61.1) 1.00 0.461
>220 26.0(21.1-36.8) 1.909 (0.342-10.665)
Neutrophil counts =308 312(23.5-583) 1.00 0.200
>308 314 (31.1-51.4) 3.973 (0.482-32.735)
Lymphocyte counts <1.12 44.6 (30.3-71.5) 1.00 0.110
>1.12 285 (28.6-48.9) 0.305 (0.071-1.308)
Monocyte counts. <055 41.1(36.3-57.0) 1.00 0549
>055 231 (212-280) 1289.773 (0.000-1.601E+13)
Platelet counts <20000  313(30.2-50.0) 1.00 0.308
>20000  44.5(22.0-67.6) 0027 (0.000-27.619)
NLR <266 32.3(303-56.2) 1.00 0,025
>2.66 309 (26.3-50.2) 11.186 (1.856-92.275)
PLR <560.18 Constant 1.00 1.000
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sl <42840  313(27.0-54.4) 1.00 0.108
542840 34.4(20.6-53.5) 5.693 (0.692-46.812)

1P, Intemational Prognostic Index; ECOG performance status, Easter Cooperative Oncology Group performance status; CHOR, cyclophosphamide, doxorubicin, vincristine and
prednisone; R-CHOR, CHOPplus rituximab; LDH, lactic dehydrogenase; NLR, neutrophillymphocyte ratio; PLR, platelet/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; Sl systemic
immune-inflammation index. The bold values indicate that p < 0.05 and the corresponding factors are significantly associated with survival.
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1P, Intemational Prognostic Index; ECOG performance status, Easter Cooperative Oncology Group performance status; CHOR, cyclophosphamide, doxorubicin, vincristine and
prednisone; R-CHOR, CHOPplus rituximab; LDH, lactic dehydrogenase; NLR, neutrophillymphocyte ratio; PLR, platelet/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; Sl systemic
immune-inflammation index. The bold values indicate that p < 0.05 and the corresponding factors are significantly associated with survival.
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