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ABSTRACT

Background. T-lymphoblastic lymphoma (T-LBL) is a highly
aggressive neoplasm of lymphoblasts of T-cell origin. Although
promising improvements have been recently achieved, one
third of patients experience relapse or refractory T-LBL. There-
fore, optimal strategies for identifying high-risk patients are
urgently needed.
Materials and Methods. In the present study, 75 newly diag-
nosed adult patients (aged ≥15 years) with T-LBL were identi-
fied and the predictive value of complete blood count (CBC)
abnormalities, including lymphocyte-monocyte ratio (LMR),
neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte
ratio (PLR) on clinical outcomes, was analyzed.
Results. Using the receiver operating characteristic curve to
determine the best cutoff values based on survival, it was found
that patients with T-LBL with LMR ≤2.8, NLR ≥3.3, and PLR ≥200
had both inferior progression-free survival (PFS) and inferior

overall survival (OS), in which the differences were much more
remarkable in the international prognostic index score 0–2 sub-
group. In the multivariable analysis, NLR ≥3.3 together with
age >40 years and central nervous system (CNS) involvement
were identified to be independently associated with shortened
PFS, whereas PLR ≥200 and CNS involvement were identified to
be independent risk factors for OS. LMR, NLR, and PLR were
integrated to generate a “CBC score” model, which well sepa-
rated adult patients with T-LBL into three risk groups, and the
3-year OS was 84%, 53%, and 30% for low-, intermediate-, and
high-risk patients, respectively.
Conclusion. Overall, a “CBC score” model was initially pro-
moted for stratification in adult patients with T-LBL using
simple, widely available, and easy to interpret parameters
in the largest adult T-LBL cohort to date. The Oncologist
2019;24:e1123–e1131

Implications for Practice: Optimal strategies for identifying high-risk patients with T-lymphoblastic lymphoma (T-LBL) are
urgently needed. In the largest adult T-LBL cohort to date, simple, inexpensive, widely available parameters were applied
and revealed that patients with lymphocyte-monocyte ratio (LMR) ≤2.8, neutrophil-lymphocyte ratio (NLR) ≥3.3, and platelet-
lymphocyte ratio (PLR) ≥200 had both inferior progression-free survival and inferior overall survival (OS), in which the differences
were much more remarkable in the international prognostic index score 0–2 subgroup. LMR, NLR, and PLR were integrated to
generate a “complete blood count score” model, in which the 3-year OS was 84%, 53%, and 30% for low-, intermediate-, and
high-risk patients, respectively.

INTRODUCTION

Lymphoblastic lymphoma (LBL) is a rare and aggressive precur-
sor lymphoblast origin hematological disorder that represents
1%–2% of all non-Hodgkin’s lymphomas. T-cell LBL (T-LBL),

which accounts for 90% of all LBLs, generally occurs in
adolescents and young adults and often manifests with a
mediastinal mass. Although great improvement has been
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achieved by treatment according to protocols for acute
lymphoblastic leukemia (ALL), approximately one third of
patients experience disease relapse, and the 5-year overall
survival (OS) rate for adults is approximately 50%–55% [1, 2].
These outcomes highlight the need for alternate therapeutic
approaches, which require a prognostication model to identify
patients at a high risk of relapse.

There is a body of evidence showing that the tumor
microenvironment, host immunity, and systemic inflammatory
responses are critical for determining the clinical course and
outcome of patients with tumors [3, 4]. Using lymphocytes
and monocytes as surrogate markers of tumor microenviron-
ment and inflammatory responses, more and more studies
have found that elevated absolute monocyte count (AMC),
decreased absolute lymphocyte count (ALC), and the abso-
lute lymphocyte to absolute monocyte count ratio (LMR) are
predictors of various solid tumors, such as breast carcinoma,
ovarian cancer, clonal cancer, and lung cancer, and similar find-
ings have also been demonstrated in diffuse large B-cell lym-
phoma (DLBCL) and classical Hodgkin’s lymphoma (cHL) [5–9].
In addition, parameters such as neutrophil-lymphocyte ratio
(NLR) and platelet-lymphocyte ratio (PLR) have also exhibited
prognostic activity in recent studies, although there were con-
flicting results [10–12]. In the present study, the role of LMR,
NLR, and PLR in the setting of adult T-LBL was first discussed.

MATERIALS AND METHODS

Patients and Characteristics
From January 2013 to December 2017, 75 eligible patients
were identified from the First Affiliated Hospital of Zheng-
zhou University, China. The inclusion criteria were as follows:
(a) patients with pathologically confirmed T-LBL, with bone
marrow blast cells <20%; (b) patients who were ≥15 years of
age; (c) patients who were newly diagnosed; (d) patients
who received at least two cycles of treatment in our cen-
ter. The pathological samples were reviewed by two expert
pathologists (G.W. and W.L.) according to the 2016 World
Health Organization Classification of Tumors of Hematopoi-
etic and Lymphoid Tissues. The present study was approved
by the Clinical and Research Ethics Committee of the First
Affiliated Hospital of Zhengzhou University. All procedures
in the present study that involved human participants were
performed in accordance with the Declaration of Helsinki.

Clinical features were obtained from the medical records
of patients. Absolute neutrophil count (ANC), ALC, and AMC
were obtained from the complete blood count (CBC) count
at diagnosis. LMR was calculated by dividing the ALC by the
AMC, NLR was calculated as the ratio of ANC to ALC, and
PLR was defined as the ratio between platelets and ALC.

Cutoff Value for LMR/NLR/PLR
The receiver operating characteristic curve (ROC) was applied
to determine the optimal cutoff value for LMR, NLR, and
PLR. Values with maximum joint sensitivity and specificity
were selected for the subsequent analysis.

Statistics Analysis
Progression-free survival (PFS) was defined as the interval
between the first day of diagnosis and the date of disease

progression, death from any cause, or end of follow-up. OS
was calculated as the time from diagnosis to the last follow-
up or death from any cause. PFS and OS were analyzed using
Kaplan-Meier curves and compared using log-rank test. Multi-
variate prognostic analyses were performed using the Cox
proportional hazards regression model. Categorical variables
were compared using chi-square test. Continuous variables,
which were presented as median and range or SD, were
compared using the Mann-Whitney or Kruskal-Wallis test. All
statistical analyses were performed using SPSS version 25.0
statistical software (SPSS Inc., Chicago, IL). The results were
considered to be statistically significant when the p value was
<.05, and 95% confidence interval (CI) was given, as indicated.

RESULTS

Patient Characteristics
From January 2013 to December 2017, 75 newly diagnosed
patients with T-LBL were included in the present study. The
median age was 28 years, and the age range was within
15–55 years. Furthermore, 72% of patients were male, and
84% of patients were in Ann Arbor stage III and IV. In addi-
tion, 40 patients had bone marrow involvement. The detailed
clinical characteristics for all patients are presented in Table 1.

All patients received at least two cycles of chemotherapy.
Among these patients, 37 (49.3%) patients were given Hyper-
CVAD/MA regimen, and 45.3% of these patients were admin-
istrated with the modified BFM90 regimen, as shown in the
study by Dong et al. [13]. The remaining four patients were
treated with CHOP-based (cyclophosphamide, epirubicin, vin-
cristine and prednisone) regimen. Furthermore, 21 patients
proceeded to hemopoietic stem cell transplantation, in which
6 of them accepted autologous stem cell transplantation.

Comparison of CBC Abnormalities Between Patients
with T-LBL and Healthy Donors
A total of 75 age- and gender-matched healthy donors were
included to determine the difference of CBC parameters
with patients with T-LBL. As shown in supplemental online
Figure 1, ALC and AMC were much higher in patients with
T-LBL than in healthy donors. As a result, LMR, NLR, and PLR
were significantly elevated in patients with T-LBL. However,
no correlation was found between clinical stage and these
CBC abnormalities.

Identification of Optimal Cutoff Values
The ROC curve was generated to select the appropriate
cutoff values for LMR, NLR, and PLR based on the survival
analysis (Fig. 1). For LMR, the area under curve (AUC) was
0.644 (95% CI: 0.520–0.769, p = .032), and a value of 2.8
corresponded to the maximum joint sensitivity and specificity
on the ROC curve (62% sensitivity and 42% specificity).
The AUC was calculated to be 0.614 (95% CI: 0.485–
0.743, p = .092) for NLR, with a generated maximum joint
sensitivity and specificity at the value of 3.3. For PLR, the
AUC was recorded to be 0.648 (95% CI: 0.519–0.776,
p = .029). Then, 200 was selected as the optimal cutoff
value, according to the ROC curve (74% sensitivity and
54% specificity).
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Association of LMR/NLR/PLR with Clinical
Parameters
The baseline clinical characteristics of patients with LMR
≤2.8 at disease onset were compared with patients with

LMR >2.8 (Table 1). It was demonstrated that patients with
LMR ≤2.8 were inclined to have less bone marrow involve-
ment, lower albumin, lower platelet and ALC, elevated neutro-
phil and monocyte, and slightly increased β2-microglobulin.

Table 1. Patients’ characteristics and clinical features

Characteristics
Total
(n = 75)

LMR ≤ 2.8
(n = 39)

LMR > 2.8
(n = 36) p value

NLR ≥ 3.3
(n = 30)

NLR < 3.3
(n = 45) p value

PLR ≥ 200
(n = 29)

PLR < 200
(n = 46) p value

Age, years 28 (15–55) 25 (15–55) 23.5 (15–52) .894 25 (15–55) 22 (15–53) .438 26 (15–55) 22 (15–52) .091

Male 54 (72.0) 29 (73.4) 25 (69.4) .636 23 (76.7) 31 (68.9) .462 20 (69.0) 34 (73.9) .642

Ann Arbor stage .225 .835 .556

I 2 (2.7) 1 (2.6) 1 (2.8) 1 (3.3) 1 (2.2) 1 (3.4) 1 (2.2)

II 10 (13.3) 5 (12.8) 5 (13.9) 5 (16.7) 5 (11.1) 2 (6.9) 8 (17.4)

III 11 (14.7) 9 (23.1) 2 (5.6) 8 (26.7) 13 (28,9) 5 (17.2) 6 (13.0)

IV 52 (69.3) 24 (61.5) 28 (77.8) 16 (53.3) 26 (57.8) 21 (72.4) 31 (67.4)

IPI .970 .439 .281

0–2 46 (61.3) 24 (61.5) 22 (61.1) 20 (66.7) 26 (57.8) 20 (69.0) 26 (56.5)

3–4 29 (38.7) 15 (38.5) 14 (38.9) 10 (33.3) 19 (42.2) 9 (31.0) 20 (43.5)

B symptoms 17 (22.7) 9 (23.1) 8 (22.2) .930 7 (23.3) 10 (22.2) .910 8 (27.6) 9 (19.6) .419

ECOG ≥2 25 (33.3) 10 (25.6) 15 (41.7) .141 9 (30.0) 16 (35.6) .617 7 (24.1) 18 (39.1) .180

Bone marrow
involvement

40 (53.3) 12 (30.8) 28 (77.8) .00004 7 (23.3) 33 (73.3) .00002 11 (37.9) 29 (63.0) .034

CNS involvement
(at diagnosis or
progression)

9 (12.0) 6 (15.4) 3 (8.3) .348 5 (16.7) 4 (8.9) .310 3 (10.3) 6 (13.0) .726

Extra-nodal
involvement ≥2 sites

24 (32.0) 12 (30.8) 12 (33.3) .812 7 (23.3) 17 (37.8) .189 10 (34.5) 14 (30.4) .714

Bulky mass in
mediastinum

33 (44.0) 20 (51.3) 13 (36.1) .186 15 (50.0) 18 (40.0) .393 13 (44.8) 20 (43.5) .909

β2 microglobulin, mg/L 1.63 (0.15–4.68) 1.96 (0.15–4.68) 1.55 (0.40–3.65) .083 1.87 (0.15–4.68) 1.51 (0.52–3.65) .136 1.88 (0.25–4.68) 1.55 (0.15–3.20) .256

Creatinine, μmol/L 62 (27–346) 63 (27–100) 61.5 (28–346) .844 63 (27–86) 62 (28–346) .455 62 (27–99) 63 (28–346) .446

Albumin, g/L 41 (24.3–52.7) 39.7 (27.2–47.2) 42.0 (24.3–52.7) .015 39.5 (27.2–51.4) 41.7 (24.3–52.7) .040 39.7 (27.2–47.3) 41.5 (24.3–52.7) .277

LDH, U/L 262 (119–3279) 274 (119–1407) 228 (120–3279) .387 277 (119–867) 249 (120–3279) .312 262 (141–1407) 264 (119–3279) .728

WBC, 109/L 5.9 (1.3–89.2) 6.4 (3.7–18.4) 5.4 (1.3–89.2) .362 6.4 (3.7–18.4) 5.3 (1.3–89.2) .178 5.7 (1.3–18.4) 6.2 (2.1–89.2) .093

Hb, g/L 126 (75–171) 126 (75–171) 127 (85–158) .762 128 (75–156) 126 (85–171) .783 127 (75–158) 126 (80–171) .456

PLT, 109/L 227 (16–434) 193 (16–379) 241 (25–434) .037 195 (16–434) 240 (38–425) .087 185 (16–341) 259 (128–434) .00006

ANC, 109/L 3.90 (0.42–54.50) 4.50 (1.30–16.69) 2.70 (0.42–54.50) .001 5.06 (2.80–16.69) 2.80 (0.42–54.50) .0001 4.00 (0.42–16.69) 3.75 (0.45–54.5) .575

ALC, 109/L 1.25 (0.30–46.50) 1.00 (0.30–4.80) 1.84 (0.70–46.50) .000001 0.85 (0.30–1.70) 1.71 (0.70–46.50) .0000001 0.78 (0.30–1.71) 1.70 (0.80–46.50) .000000004

AMC, 109/L 0.57 (0.01–10.98) 0.76 (0.18–3.02) 0.40 (0.01–10.98) .0002 0.64 (0.18–1.40) 0.45 (0.01–10.98) .031 0.60 (0.07–1.29) 0.51 (0.01–10.98) .546

Transplantation 21 (28.0) 9 (23.1) 12 (33.3) .323 6 (20.0) 15 (33.3) .208 5 (17.2) 16 (34.8) .100

Data are presented as either n (%) or median (range).
Bolded p values are statistically significant.
Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; CNS, central nervous system; ECOG, Eastern Cooperative Oncology
Group; Hb, hemoglobin; IPI, international prognostic index; LDH, lactate dehydrogenase; LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
ratio; PLT, platelet; WBC, white blood cell.

Figure 1. Receiver operating characteristic curve based on survival. (A): ROC for LMR; (B): ROC for NLR; (C): ROC for PLR.
Abbreviation: AUC, area under curve.
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A similar trend was found in patients with elevated NLR and
PLR, it was excepted that there were no statistically signifi-
cant differences in terms of ANC, AMC, and albumin for PLR
≥200, and the platelet difference did not reach statistical sig-
nificance between patients with NLR ≥3.3 and NLR <3.3.

Prognostic Role of LMR, NLR, and PLR
With a median follow-up time of 20 months (2.5–54 months),
the estimated 4-year PFS and OS was 31.1% and 50.4%,
respectively, in the whole cohort. With a cutoff of 2.8, the
median PFS was significantly shortened for patients with
low LMR compared with patients with high LMR (16.0 and
39.5 months, p = .009; Fig. 2A). The median OS was 24.5
and 54.0 months for patients with LMR ≤2.8 and LMR >2.8,
respectively (p = .03; Fig. 2B). NLR was then evaluated for its

prognostic role in survival. It was revealed that patients with
NLR ≥3.3 correlated with inferior PFS and OS, when compared
with patients with NLR <3.3 (PFS: 7.5 and 39.5 months,
p = .001; OS: 24.5 and 54 months, p = .055; Fig. 2C, 2D),
although the difference in OS did not reach statistical signifi-
cance. The median PFS of patients with PLR ≥200 was 14
months, which was much lower than that of patients without
PLR ≥200 (p = .004; Fig. 2E), and the corresponding OS for both
groups was 20 and 54 months, respectively (p = .001; Fig. 2F).
Meanwhile, age > 40 years and central nervous system (CNS)
involvement, regardless of whether this occurred at the time
of onset or progression, were also found to be associated with
shortened PFS in the univariable test (Table 2). In terms of OS,
the univariable analysis revealed that ALC ≤1.3 × 109/L and
CNS involvement were high-risk factors (Table 2).

Figure 2. Progression-free survival and overall survival. (A): PFS for different levels of LMR; (B): OS for different levels of LMR; (C): PFS
for different levels of NLR; (D): OS for different levels of NLR; (E): PFS for different levels of PLR; (F): OS for different levels of PLR.
Abbreviations: LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
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Subsequently, patients were divided into international
prognostic index (IPI) score 0–2 and IPI score 3–4 to further
evaluate the prognostic value of these CBC abnormalities.
As shown in Figures 3 and 4, regardless of whether it was
for PFS or OS, the predictive capacity of LMR, NLR, and PLR
was much higher in patients with IPI score 0–2, further
separating patients into two entities.

Next, a multivariable analysis was performed, and it was
found that NLR ≥3.3 (hazard ratio [HR] = 3.112, p = .002),
age > 40 years (HR = 3.566, p = .005), and CNS involvement
(HR = 2.722, p = .039) were independent risk factors for
PFS. PLR ≥200 (HR = 3.482, p = .008) and CNS involvement
(HR = 4.715, p = .002) had worse OS independent of Ann
Arbor stage, IPI score, and treatment regimen (Table 3).

Given the predictive role of LMR, NLR, and PLR on clinical
outcomes, a model that incorporated these three parameters
was generated, named “CBC score.” A score of 1 represents
no abnormality, a score of 3 represents all three aberrations,
and a score of 2 represents 1–2 parameter abnormalities. As
depicted in Figure 5, this well separated adult patients with
T-LBL into three risk groups. The median PFS for the low-risk,
intermediate-risk, and high-risk groups was not reached, 16
months, and 7 months, respectively (p = .004). Furthermore,
the corresponding OS for these three groups was not reached,
46 months, and 20 months, respectively (p = .007).

DISCUSSION

Recently, cumulating data have revealed that CBC parameters,
such as AMC, ALC, LMR, and NLR, have shown predictive value
in various malignances, including colorectal cancer, advanced
gastric cancer, and ovarian cancer as well as cHL and DLBCL
[5–7, 14–16]. However, this has never been discussed in the
context of T-LBL, which is a more aggressive T-cell lymphoma
with low incidence. Hence, in the present study, the prognos-
tic role of LMR, NLR, and PLR in 75 patients with newly diag-
nosed adult T-LBL was first elucidated.

Although the disease was the same in different stages
for LBL and ALL, these were still not identical [17]. One of
the variations between LBL and ALL concerns the prognos-
tic models. In contrast to ALL, the precise predictive factors
have remained inconsistent throughout studies [18]. First,
it is known that a leukocyte count of >100 × 109/L is a risk
factor for T-ALL [19]. However, this doesn’t necessarily fit for
T-LBL, which commonly involves the lymph node and spleen.
As for the present study, merely 13 patients (17%) had ele-
vated white blood cell count, and none of these cases was
higher than 100 × 109/L. Second, IPI has been reported to
have the inability to distinguish shortened survival in child-
hood T-LBL [20]; although this appeared to be predictive in
adult T-LBL in one study [21], our current study also revealed

Table 2. Univariable analysis on PFS and OS

Characteristics

Univariate analysis

PFS, months p value OS, months p value

Age >40 years 13.5 vs. 20.5 .042 54 vs. 46 .352

Male 20 vs. 16 .877 54 vs. 46 .975

Stage IV 20 vs. 19 .603 54 vs. 46 .957

IPI ≥3 19 vs. 20 .983 NR vs. 46 .508

B symptoms 14 vs. 19 .914 NR vs. 46 .294

ECOG ≥2 NR vs. 16 .103 54 vs. 46 .498

Bone marrow involvement 38.5 vs. 14.5 .057 46 vs. 54 .557

CNS involvement 7.5 vs. 20.5 .006 9 vs. 54 .00001

Extra-nodal involvement ≥2 sites 16 vs. 20.5 .449 46 vs. 54 .248

Bulky mass 16 vs. 20.5 .933 54 vs. 46 .649

Elevated β2 microglobulin NR vs. 19 .189 NR vs. 46 .314

Elevated LDH 19 vs. 23.5 .561 NR vs. 46 .384

LMR ≤2.8 16 vs. 39.5 .009 24.5 vs. 54 .030

NLR ≥3.3 7.5 vs. 39.5 .001 24.5 vs. 54 .055

PLR ≥200 14 vs. 38.5 .004 20 vs. 54 .001

Hb <100 g/L 17 vs. 20.5 .554 54 vs. 46 .543

Decreased PLT 17 vs. 20 .843 46 vs. 54 .110

ANC ≥7 × 109/L 19 vs. 23.5 .501 NR vs. 46 .612

ALC ≤1.3 × 109/L 16 vs. 20 .254 35 vs. 54 .046

AMC ≥0.6 × 109/L 19 vs. 38.5 .234 NR vs. 46 .991

Transplantation 20.5 vs. 16 .298 46 vs. 35 .779

Bolded p values are statistically significant.
Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; CNS, central nervous system;
ECOG, Eastern Cooperative Oncology Group; Hb, hemoglobin; IPI, international prognostic index; LDH, lactate dehydrogenase; LMR, lymphocyte-
monocyte ratio; NLR, neutrophil-lymphocyte ratio; NR, not reached; OS, overall survival; PFS, progression-free survival; PLR, platelet-lymphocyte
ratio; PLT, platelet; WBC, white blood cell.
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that IPI lacked prognostic value in adult T-LBL. Another
report from the MD Anderson Cancer Center demonstrated
that only patients with CNS involvement at initial diagnosis
were associated with inferior outcome [22]. Coleman et al.
promoted a risk model that integrated parameters, including
the presence of bone marrow or CNS involvement, Ann
Arbor stage IV, and elevated LDH, and reported that these
could identify a subgroup of high-risk patients with a 19%
rate of 5-year relapse-free survival, when compared with
low-risk patients with a 94% rate of 5-year relapse-free
survival [23]. However, this was not validated by the GMALL
study group [1]. Recently, several studies have demonstrated

that response to treatment assessed by minimal residual dis-
ease has potential for predicting prognosis [24, 25]. Moreover,
cytogenetic abnormality comprising NOTCH1, FBXW7, RAS,
and PTEN mutation has been identified to be an independent
predictive value for event-free survival, disease-free survival,
and OS [26]. Although promising, many of these methods are
costly and difficult to obtain, are not easily interpreted, and
require further validation. Therefore, identifying prognostic
factors that are inexpensive, widely available, and easily inter-
preted by clinicians for patients with T-LBL is urgently needed.

Gene-expression profiling revealed that the biological
and clinical behavior of tumors could be determined by the

Figure 3. Progression-free survival subdivided by international prognostic index score. (A): PFS divided by different levels of LMR
for patients with IPI score 0-2; (B): PFS divided by different levels of LMR for patients with IPI score 3-4; (C): PFS divided by differ-
ent levels of NLR for patients with IPI score 0-2; (D): PFS divided by different levels of NLR for patients with IPI score 3-4; (E): PFS
divided by different levels of PLR for patients with IPI score 0-2; (F): PFS divided by different levels of PLR for patients with IPI
score 3-4.
Abbreviations: IPI, international prognositc index; LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-
lymphocyte ratio.

© AlphaMed Press 2019

Prognostic Role of CBC Parameters in T-LBL Patientse1128



characteristics of the tumor cell, and is greatly influenced by
interactions with non-neoplastic cells in the tumor micro-
environment [27]. ALC, an important biomarker of tumor-
infiltrating lymphocytes, reflects host immunity status and
is also included in the IPS score for the prognostic model in
patients with Hodgkin’s lymphoma [28]. AMC serves as a sur-
rogate biomarker of tumor-associated macrophages within the
tumor microenvironment and a subgroup of myeloid-lineage
cells. It can produce a variety of cytokines, such as transforming
growth factor-α, tumor necrosis factor-α, interleukin-1 (IL-1),
and IL-6, in order to promote tumorigenesis, angiogenesis,
and distant metastasis [29, 30]. ANC, as a measure of systemic
inflammatory response to malignancy, is linked to immuno-
suppression in certain tumors [31]. Furthermore, platelets
can be stimulated by systemic inflammation through sev-
eral pro-inflammatory factors, such as IL-1, IL-3, and IL-6,
and platelet aggregation and degranulation leads to the

Figure 4. Overall survival subdivided by international prognostic index score. (A): OS divided by different levels of LMR for patients
with IPI score 0-2; (B): OS divided by different levels of LMR for patients with IPI score 3-4; (C): OS divided by different levels of
NLR for patients with IPI score 0-2; (D): OS divided by different levels of NLR for patients with IPI score 3-4; (E): OS divided by dif-
ferent levels of PLR for patients with IPI score 0-2; (F): OS divided by different levels of PLR for patients with IPI score 3-4.
Abbreviations: IPI, international prognositc index; LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-
lymphocyte ratio.

Table 3. Multivariable analysis on PFS and OS

Characteristics

Multivariate analysis

PFS OS

HR p value HR p value

Age >40 years 3.566 .005 NA .499

CNS involvement 2.722 .039 4.715 .002

LMR ≤2.8 NA .500 NA .496

NLR ≥3.3 3.112 .002 NA .741

PLR ≥200 NA .426 3.482 .008

ALC ≤1.3 × 109/L NA .427 NA .285

Transplantation NA .312 NA .809

Bolded p values are statistically significant.
Abbreviations: ALC, absolute lymphocyte count; CNS, central ner-
vous system; HR, hazard ratio; LMR, lymphocyte-monocyte ratio;
NA, not available; NLR, neutrophil-lymphocyte ratio; OS, overall sur-
vival; PFS, progression-free survival; PLR, platelet-lymphocyte ratio.
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release of platelet-derived proangiogenic mediators, which
have been suggested to promote tumor growth [32, 33].

Given the notion that both host immunity and tumor
microenvironment contribute to tumorigenesis, it would be
theoretical to combine the abovementioned parameters
to better reflect tumor prognosis. In this respect, the ALC to
AMC ratio (LMR), ANC to ALC ratio (NLR), and platelet
to ALC ratio (PLR) were investigated in different context
of diseases, especially LMR, which has been extensively
discussed and found to be predictive in breast cancer, colo-
rectal carcinoma, lung cancer, nasopharyngeal carcinoma,
Hodgkin’s lymphoma, DLBCL, etc. However, this has never
been discussed in T-LBL, which urgently requires a simple
and practical prognostic model. From this perspective, the
present study initially presented that patients with T-LBL
with lower LMR and elevated NLR or PLR were correlated
with both inferior PFS and inferior OS in the univariable
algorithm, and subgroup analysis revealed that their pre-
dictive value was more remarkable in IPI score 0–2 patients,
although IPI itself did not associate with clinical outcomes in
the present study. In multivariable tests, NLR ≥3.3 demon-
strated that it could independently predict shortened PFS,
whereas PLR ≥200 was found to be an independent risk fac-
tor for OS. In integrating reduced LMR and elevated NLR or
PLR to generate a “CBC score” model, adult patients with
T-LBL could be separated into three risk groups. Specifically
speaking, patients in the low-risk group had no CBC abnor-
mality and had a 3-year OS of 84%, whereas patients in the
high-risk group had a 3-year OS of merely 30%. Meanwhile,
it was demonstrated that CNS involvement significantly
shortened both PFS and OS, although an intrathecal injec-
tion was routinely performed, which is consistent with a
previous study [22]. To the best of our knowledge, the pre-
sent study has the largest adult T-LBL cohort and is the first
to promote a prognostic model for these patients.

Obtaining LMR, NLR, and PLR from CBC at diagnosis is sim-
ple and widely available and can be easily used in clinical prac-
tice, especially in resource-poor areas. The limitations of the

present study include the retrospective nature of the study,
the short follow-up period, the relatively small sample size,
and lack of cytogenetic data. Another issue is the cutoff value
of LMR/NLR/PLR applied in the clinical practice. In previous
and present studies, ROC according to survival was applied
to determine the best cutoff value, suggesting discordance
between centers. Therefore, this requires further exploration
in larger samples and prospective trials in the future.

CONCLUSION

It was confirmed that LMR, NLR, and PLR have predictive value
for both PFS and OS and that the “CBC score” model should
be initially promoted for stratification in adult patients with
T-LBL. This suggests that these simple, inexpensive, widely
available, and easy-to-use parameters may be used as a pre-
dictive model in T-LBL. Future studies, especially prospective
larger clinical trials, are required to confirm these findings.
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