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ABSTRACT  

Introduction: This study aimed to investigate the effect of bone marrow involvement by malignant 

lymphoma (BMI) on laboratory data and to determine the useful laboratory markers for diagnosing 

BMI. 

Methods: We compared laboratory data between patients with and without BMI. We performed 

multivariate logistic regression and receiver operating characteristic (ROC) analyses to evaluate the 

diagnostic values of independent predictors. 

Results: In the BMI group, platelets in peripheral blood (PLT) and megakaryocyte count in bone marrow 

(MgK) were significantly lower than those in the non-BMI group (PLT, p < 0.0001; MgK, p = 0.0384). The 

rate of peripheral blood involvement by malignant lymphoma (PBI), red blood cell distribution width 

(RDW), D-dimer (DD), soluble interleukin-2 receptor (sIL2R), aspartate aminotransferase (AST), and 

lactate dehydrogenase (LDH) were significantly higher in the BMI group than in the non-BMI group 

(PBI, p < 0.0001; RDW, p = 0.0190; DD, p = 0.0006; sIL2R, p < 0.0001; AST, p = 0.0256; LDH, p = 0.0002). 

In multivariate analysis, PBI, PLT, sIL2R and MgK levels were independent predictors of BMI. 

Conclusion: PBI, PLT, sIL2R and MgK may be useful laboratory markers for BMI diagnosis. 

Keywords: bone marrow involvement, diagnostic value, laboratory marker, lymphoma, receiver

operating characteristic 
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INTRODUCTION  

Malignant lymphoma is a group of blood cell tumors that originate in the lymph tissues. 

Lymphoma cells often spread through the lymphatic system to the whole body, such as the bone marrow, 

lung, and liver.1,2 Some studies have reported that patients with bone marrow involvement by 

malignant lymphoma (BMI) have a poor prognosis.3,4 In clinical practice, the diagnosis of BMI is 

performed by bone marrow examinations consisting of aspiration, biopsy, and flow cytometry. However, 

the morphological method is often difficult for identifying lymphoma cells because various differentiated 

cells, such as lymphoid, erythroid, and myeloid cells, are shown in bone marrow smears, and the 

immunohistological method is time-consuming and expensive. Therefore, it is important to predict the 

presence of BMI by using laboratory data at the first diagnosis. 

Some laboratory markers are known to be useful for the diagnosis of malignant lymphoma. For 

example, soluble interleukin-2 receptor (sIL2R) has been recognized as a tumor marker of malignant 

lymphoma. Recent studies have revealed that the sIL2R level is a prognostic predictor in lymphoma.5-7

The lactate dehydrogenase (LDH) level is also commonly elevated in lymphoma, and is one of the 

prognostic factors in the International Prognostic Index.8 In contrast, hemoglobin (Hb) and platelet 

(PLT) levels are often below normal in patients with lymphoma.9 There are some studies on useful 

laboratory markers for the diagnosis and prognostic prediction of malignant lymphoma. However, useful 

laboratory markers for the diagnosis of BMI remain unknown. Investigating the effect of BMI on 

laboratory data may be helpful for the diagnosis of BMI in clinical practice. The aim of this study was to 

investigate the effect of BMI on laboratory data and to determine useful laboratory markers for BMI 

diagnosis. 
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PATIENTS and METHODS 

Patients 

We analyzed data from 196 lymphoma patients with BMI (the BMI group) or without BMI (the 

non-BMI group) between 2010 and 2016 at the Hamanomachi Hospital in Fukuoka, Japan. These 

patients exhibited various histological types (Table 1). Our study was approved by the Institutional 

Review Board of Hamanomachi Hospital. This retrospective study was limited to the use of laboratory 

data. Therefore, the Institutional Review Board exempted the need for obtaining an informed consent 

from the patients. 

Evaluation of BMI by bone marrow examination 

All patients underwent bone marrow examinations for lymphoma staging. Bone marrow 

aspiration and biopsy were obtained from the posterior iliac crest. The final diagnosis of BMI was 

determined based on immunohistochemical stains, flow cytometry, and morphological examinations in 

all patients. In patients with peripheral blood involvement by malignant lymphoma (PBI), BMI 

diagnosis should be regarded as contamination of the tumor cells from peripheral blood to bone marrow 

aspirate. Therefore, in patients with PBI, BMI diagnosis was determined by immunohistochemical 

staining of tissues obtained using bone marrow biopsy and not bone marrow aspirate. The 

quantification of nuclear cells and megakaryocytes was conducted by the direct counting method using a 

Fuchs-Rosenthal and a Burker-Turk counting chamber. The classification of bone marrow cells were 

performed using May-Grunwald-Giemsa-stained slides. 

Collection of data 

We analyzed laboratory data at the first diagnosis, which included complete blood count, 

peripheral blood smear examination, coagulation test, biochemical test, and bone marrow examination. 

Complete blood count consisted of white blood cells (WBCs), hemoglobin (Hb), red blood cell 
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distribution width (RDW), platelets (PLT), platelet distribution width (PDW), and percentage of 

lymphocytes (Ly). Peripheral blood smear examination was used for the diagnosis of PBI. We 

investigated the presence or absence of morphologically abnormal lymphocyte in peripheral blood using 

May-Grunwald-Giemsa-stained slides. The blood coagulation test consisted of D-dimer (DD). The 

biochemical test consisted of soluble interleukin-2 receptor (sIL2R), C-reactive protein (CRP), aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), creatinine 

(CRE), and blood urea nitrogen (BUN). The bone marrow examination consisted of nuclear cell count 

(NCC), myeloid/erythroid ratio (M/E ratio), megakaryocyte count (MgK), percentage of lymphocytes 

(BM-Ly), and percentage of monocytes and reticulum in bone marrow (mono + reticulum). These blood 

markers were measured by a Sysmex XE5000 hematology analyzer (Sysmex, Japan), a Sysmex CS5100 

automated blood coagulation analyzer (Sysmex, Japan), and a Hitachi Labospect 008 automated 

chemistry analyzer (Hitachi, Japan). sIL2R was measured using chemiluminescent enzyme 

immunoassay. 

Statistical analysis 

Statistical analyses were carried out using JMP pro 12 (SAS Institute, Cary, NC, USA). The 

Mann-Whitney U test, the chi-squared test, and the Fisher’s exact test were flexibly used as appropriate. 

A P value of <0.05 was considered to indicate statistical significance. P values were adjusted using 

Steel-Dwass test. To investigate the effect of BMI on laboratory data, we compared laboratory data 

between the two groups. In addition, we performed logistic analysis after binarizing the quantitative 

data using appropriate cutoff values. To determine the appropriate cutoff values of each significant 

marker, we performed the ROC curve analysis and determined the cutoff values to be the points that 

maximize the sum of sensitivity and specificity. To determine the cutoff values of each non-significant 

marker, we used the medians of sample data. First, we performed a univariate logistic regression 

analysis. In addition, we included the markers with statistical significance (p < 0.05) in univariate 

analysis into the multivariate logistic analysis. At this time, DD was not included into the multivariate 
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analysis because the marker contained missing values in approximately half of the patients. The 

diagnostic values of independent predictors were analyzed by ROC analysis. 

RESULTS  

Characteristics of patients 

We analyzed data of 57 patients in the BMI group and 139 patients in the non-BMI group (Table 1). 

Age, male ratio and histological grade were balanced between the two groups, and there were no 

significant differences between the two groups (age, p = 0.9734; male ratio, p = 0.3374; histological grade, 

p = 0.3179). In contrast, cell type and histological type were different between the two groups (cell type, 

p = 0.0069; histological type, p < 0.0001). 

Comparison of laboratory data between the two groups  

In the BMI group, the rate of PBI was significantly higher than that in the non-BMI group (Table 

2). In the peripheral blood smears, abnormal lymphocytes showed a wide variety of morphologic 

appearance (Figure 1). 

In the BMI group, PLT and MgK were significantly lower than those in the non-BMI group (PLT, p 

< 0.0001; MgK, p = 0.0384; Table 3). RDW, DD, sIL2R, AST, and LDH were significantly higher in the 

BMI group than in the non-BMI group (RDW, p = 0.0190; DD, p = 0.0006; sIL2R, p < 0.0001; AST, p = 

0.0256; LDH, p = 0.0002). Other markers were not different between the two groups (WBC, p = 0.8744; 

Hb, p = 0.0591; PDW, p = 0.2282; Ly, p = 0.9018; CRP, p = 0.1081; ALT, p = 0.9491; CRE, p = 0.2147; BUN, 

p = 0.8307; NCC, p = 0.9810; M/E ratio, p = 0.2349; BM-Ly, p = 0.6583; mono + reticulum, p = 0.6096). 

Univariate and multivariate analyses of BMI predictors 

In the univariate analysis, T-cell type, PBI, RDW, PLT, DD, sIL2R, CRP, AST, LDH, MgK were 
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significantly associated with BMI (T-cell type, p = 0.0097; PBI, p < 0.0001; RDW, p = 0.0099; PLT, p < 

0.0001; DD, p < 0.0001; sIL2R, p < 0.0001; CRP, p = 0.0255; AST, p = 0.0073; LDH, p < 0.0001; MgK, p = 

0.0028; Table 4). The multivariate analysis also demonstrated that PBI, PLT, sIL2R, and MgK were 

independent predictors of BMI (PBI, odds ratio = 5.9703, p = 0.0247; PLT, odds ratio = 2.7677, p = 

0.0174; sIL2R, odds ratio = 5.1406, p = 0. 0007; MgK, odds ratio = 3.0151, p = 0.0493). 

Diagnostic values of independent predictors of BMI 

The diagnostic cutoff values for total cases were  160 × 103/μL for PLT,  2360 U/mL for sIL2R, and 

0 /μL for MgK (Table 5). AUCs were 0.7100 (95% CI, 0.6218–0.7848) for PLT, 0.7941 (95% CI, 

0.7146–0.8559) for sIL2R, 0.5940 (95% CI, 0.5000–0.6817) for MgK, 0.6068 (0.5498–0.6611) for PBI, and 

0.8058 (95% CI, 0.7281–0.8653) for the combination. In each cell type of lymphoma, the AUCs of the 

combination were 0.8189 for B-cell lymphoma, 0.7436 for T-cell lymphoma. In FL, a combination of these 

markers exhibited the highest sensitivity (88.2%) and AUC (0.8596). 

DISCUSSION  

In this study, we investigated the effect of BMI on laboratory data and determined the useful 

laboratory markers for BMI diagnosis. 

First, we compared the BMI and non-BMI groups to investigate the effect of BMI on laboratory 

data. Some studies indicated that PBI is a poor prognostic factor in lymphoma;10,11 however, the 

correlation between PBI and BMI remains unknown. In this study, the rate of PBI in BMI group was 

significantly higher than that in the non-BMI group. This suggests that PBI may have a direct relation 

with BMI. However, we used the morphological method for PBI diagnosis. Therefore, we need to 

investigate PBI by flow cytometric immunophenotyping method. The PLT level in the BMI group was 

significantly lower than that in the non-BMI group. Some studies reported that PLT levels decrease by 
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bone marrow invasion of various malignant tumors such as lung, gastric, and breast cancers.12,13 We 

suspect that lymphoma cells invading bone marrow injure hematopoietic cells in bone marrow and 

affect the PLT level. Interestingly, MgK levels in the BMI group were significantly lower than those in 

the non-BMI group, which might have caused low PLT levels in the peripheral blood. In this study, the 

median level of megakaryocytes in the non-BMI group was less than normal because this study included 

patients with dry tap and bloody tap on aspiration. NCC and MgK levels may be affected by the 

sensitivity and specificity of bone marrow aspiration. To accurately measure NCC and MgK, we should 

estimate these cells using histocytological preparations. In contrast, RDW and DD levels in the BMI 

group were significantly higher than those in the non-BMI group. Some studies have suggested that 

RDW is a potentially useful marker for the diagnosis of various diseases.14,15 On the other hand, Diao et 

al.16 found that the DD level is not just an indicator of venous thrombosis but also a predictor of 

asymptomatic hematogenous metastasis in cancer patients. Geenen, Delaere, and Van Wersch17 also 

reported that high DD levels are found in patients with bone marrow metastases of carcinoma. Recent 

studies have indicated that high levels of RDW and DD are predictors of poor overall survival in 

patients with various cancers,18,19 and that they are also found in patients with advanced clinical stages 

of cancer.20,21

With regard to the biochemical findings, sIL2R, AST, and LDH levels were significantly higher in 

the BMI group than in the non-BMI group. sIL2R has been recognized as a tumor marker of lymphoma 

and indicates the extent of the disease. Recent studies have revealed that the sIL2R level is correlated 

with the clinical stage.22,23 In addition, some studies have reported that the sIL2R level is a prognostic 

predictor in lymphoma.5,7 The LDH level is also commonly elevated in lymphoma and reflects the 

number of tumor cells. Tomita et al.24 indicated that the LDH level is a useful prognostic predictor in 

lymphoma, and that its level is used as one of the prognostic factors in the International Prognostic 

Index.8 On the other hand, AST levels are increased by liver damage and hemolysis. Lymphoma cells 

often spread to the liver and injure hepatic cells,1,2 which might induce a high AST level in the 

peripheral blood. Based on these investigations, high levels of sIL2R, LDH, and AST in the BMI group 
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may reflect the spread of the disease and the increased number of lymphoma cells. 

Next, we performed multivariate logistic regression and ROC analyses to determine the useful 

laboratory markers for BMI diagnosis. In the multivariate analysis, PBI, PLT, sIL2R and MgK were 

independent predictors of BMI. Among these markers, AUCs were high for sIL2R, PLT, PBI and MgK 

(0.7941, 0.7100, 0.6068 and 0.5940, respectively). These results indicated that the sIL2R level is the 

most useful predictor of BMI. In addition, it is a new finding that low PLT levels are useful for BMI 

diagnosis. Furthermore, PBI exhibited high specificity (98.6%), which indicates that bone marrow 

examination may not be necessary for patients with PBI. On the other hand, the cell types of lymphoma 

may affect laboratory markers. For example, it is known that the sIL2R level is higher in T-cell 

lymphoma than in B-cell lymphoma.25 Therefore, we divided the analyzed cases into some groups based 

on cell types in AUC evaluation. In each cell type of lymphoma, the AUCs of combination were 0.8189 

for B-cell lymphoma and 0.7436 for T-cell lymphoma. In particular, the combination of these markers 

exhibited the highest sensitivity (88.2%) and AUC (0.8596) in FL. Following these results, we should 

investigate the effect of BMI on laboratory markers according to subtypes, such as HL and ALCL, in 

further studies. 

In routine practice for BMI, bone marrow examination is still a popular method. Current studies 

have reported on the utility of PET/CT for BMI. PET/CT is noninvasive and rapid. Several studies have 

reported that PET/CT is highly accurate for detecting BMI in DLBCL and HL.26-28 In addition, El Karak 

et al.29 reported that BMI diagnosis by PET, but not bone marrow biopsies, has a prognostic value with 

strong correlation with progression-free survival and overall survival. These studies support the 

omission of bone marrow biopsies for DLBCL and HL. However, its disadvantage is that the sensitivity 

of BMI diagnosis in FL by PET is low, ranging between 20.3% and 28.9%.30 Perry et al.31 also reported 

that diffuse marrow uptake is nonspecific with a relatively high false-positive rate by PET/CT, although 

focal increase in uptake indicates BMI in patients with FL. Thus, there are still some problems in the 

diagnosis of BMI by PET/CT alone. On the other hand, our study indicated that a combination of the 

selected markers exhibited relatively high sensitivity and AUC for detecting BMI in FL (88.2% and 
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0.8596, respectively). This result suggested that the selected markers are more useful than PET/CT for 

BMI diagnosis in FL. Laboratory data would be affected by histological types, such as DLBCL, HL, and 

FL. In addition, laboratory data would differ between the patients with diffuse BMI and focal BMI, but 

the analyzed patients did not undergo PET/CT examination for BMI diagnosis. To clarify these 

questions, we should investigate the association between laboratory data and PET/CT using patients 

with diffuse and focal BMI. 

This is the first report on the effect of BMI on laboratory data and the useful laboratory markers 

for BMI diagnosis. Collectively, PBI, PLT, sIL2R and MgK are suggested to be useful diagnostic markers 

for BMI. These findings may be helpful for the diagnosis of BMI in clinical practice.  
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TABLES and FIGURES  

Table 1 Clinical characteristics of patients in the BMI and non-BMI groups 

Characteristics BMI group non-BMI group p values 

Number of patients 57 139 
Age at diagnosis, years 0.9734 

   Median (range) 65 (21–87) 66 (18–88) 
Sex, no. (%) 0.3374 

   Male 24 (42) 69 (50) 
   Female 33 (58) 70 (50) 
Cell type, no. (%) 0.0069 

   T cell 13 (23) 12 (9) 
   B cell 44 (77) 127 (91) 
Histological grade, no. (%) 0.3179 

   Indolent 17 (30) 32 (23) 
   Aggressive 40 (70) 107 (77) 
Histological type, no. (%) <0.0001 

   Angioimmunoblastic T-cell lymphoma 3 (5) 6 (4) 
   Anaplastic large cell lymphoma 3 (5) 2 (1) 
   Adult T-cell lymphoma 4 (7) 4 (3) 
   Peripheral T-cell lymphoma 3 (5) 0 (0) 
   Diffuse large B-cell lymphoma (DLBCL) 15 (26) 67 (48) 
   Burkitt lymphoma  2 (4) 1 (1) 
   Hodgkin lymphoma 0 (0) 7 (5) 
   DLBCL + Burkitt lymphoma 0 (0) 3 (2) 
   Follicular lymphoma (FL) 17 (30) 31 (22) 
   DLBCL + FL 0 (0) 1 (1) 
   FL + lymphoblastic lymphoma 1 (2) 0 (0) 
   Lymphoplasmacytic lymphoma 3 (5) 0 (0) 
   Mucosa associated lymphoid tissue lymphoma 1 (2) 9 (6) 
   Mantle cell lymphoma 2 (4) 3 (2) 
   MTX related lymphoproliferative disorders 2 (4) 4 (3) 
   Nodal marginal zone B-cell lymphoma 0 (0) 1 (1) 
   Precursor B-cell lymphoblastic lymphoma 1 (2) 0 (0) 

BMI, bone marrow involvement 
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Table 2 Comparison of the rate of PBI between the BMI and non-BMI groups 

BMI group non-BMI group p values 

PBI, no. (%) <0.0001 

   Positive 13 (23) 2 (1) 
   Negative 44 (77) 137 (99) 

BMI, bone marrow involvement; PBI, peripheral blood involvement 
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Table 3 Comparison of the laboratory markers between the BMI and non-BMI groups 

Markers 
BMI group (n = 57) non-BMI group (n = 139) 

p values 
median (min–max) median (min–max) 

WBC, ×103/μL 6.3 (1.3–116.6) 5.8(1.5–24.1) 0.8744  
Hb, g/dL 12.8 (6.2–15.4) 13.2 (7.4–16.8) 0.0591  
RDW, fl 45.3 (38.1–93.6) 44.0 (36.5–76.9) 0.0190  

PLT, ×103/μL 159 (60–489) 211 (39–466) <0.0001 
PDW, fl 10.8 (8.2–16.6) 10.5 (7.6–17.6) 0.2282  
Ly, % 21.8 (1.0–88.0) 21.6 (3.3–65.0) 0.9018  

DD, μg/mL 1.8 (0.3–20.9) 0.9 (0.1–16.0) 0.0006  
sIL2R, U/mL 3880 (316–118000) 712 (150–25400) <0.0001 
CRP, mg/dL 1.4 (0.0–9.1) 0.3 (0.0–19.8) 0.1081  
AST, IU/L 26 (10–1249) 21 (7–164) 0.0256  
ALT, IU/L 17 (6–1118) 17 (6–391) 0.9491  
LDH, IU/L 307 (113–3183) 208 (129–1150) 0.0002  

CRE, mg/dL 0.8 (0.4–1.7) 0.7 (0.0–2.5) 0.2147  
BUN, mg/dL 14.0 (4.4–55.1) 14.0 (1.0–30.0) 0.8307  

NCC, ×104/μL 6.3 (0.7–34.3) 6.5 (0.2–55.4) 0.9810  
M/E ratio 2.5 (0.0–19.4) 2.8 (0.8–20.0) 0.2349  
MgK, /μL 13 (0–231) 19 (0–212) 0.0384  
BM-Ly, % 13.6 (1.5–95.2) 13.4 (1.6–40.0) 0.6583  

Mono+Reticulum, % 3.2 (0.0–16.0) 3.2 (0.4–11.2) 0.6096  
BMI, bone marrow involvement; WBC, white blood cell; Hb, hemoglobin; RDW, red blood cell 
distribution width; PLT, platelet; PDW, platelet distribution width; Ly, the percentage of lymphocyte; 
DD, D-dimer; sIL2R, soluble interleukin-2 receptor; CRP, C-reactive protein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CRE, creatinine; 
BUN, blood urea nitrogen; NCC, nuclear cell count; M/E ratio, Myeroid/Erythroid ratio; MgK, 
megakaryocyte count; BM-Ly, the percentage of lymphocyte in bone marrow; Mono+Reticulum, the 
percentage of Monocyte and Reticulum in bone marrow 
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Table 4 Univariate and multivariate analysis of predictors of BMI in patients with lymphoma 

Markers 

Univariate Multivariate 

odds 
ratios 

95% CI p values 
odds 
ratios 

95% CI p values 

Age  ( 66 vs <66 years) 0.9517 0.5124–1.7654 0.8750  - - - 
Sex  (male vs female) 0.7378 0.3932–1.3700 0.3365 - - - 

Cell type  (T cell vs B cell) 3.1269 1.3242–7.4571 0.0097 1.5644 0.4919–4.9648 0.4454 
Histological grade  

(Aggressive vs Indolent) 
1.4211 0.7023–2.8175 0.3232 - - - 

PBI  (positive vs negative) 20.239 5.3268–132.66 <0.0001 5.9703 1.2362–45.666 0.0247 
WBC  ( 5.9 vs <5.9 ×103/μL) 1.2813 0.6912–2.3897 0.4314 - - - 

Hb  ( 13.0 vs >13.0 g/dL) 1.5654 0.8430–2.9394 0.1562 - - - 
RDW  ( 43.7 vs <43.7 fl) 2.4020 1.2285–4.9213 0.0099 1.3021 0.5432–3.1446 0.5523 

PLT  ( 160 vs >160 ×103/μL) 5.1820 2.6640–10.283 <0.0001 2.7677 1.1982–6.4008 0.0174  
PDW  ( 10.7 vs <10.7 fl) 1.5625 0.8342–2.9622 0.1639 - - - 
Ly  ( 21.7 vs <21.7 %) 0.9795 0.5274–1.8171 0.9475 - - - 

DD  ( 1.0 vs<1.0 μg/mL) 6.7879 2.6761–19.805 <0.0001 - - - 
sIL2R  ( 2360 vs <2360 U/mL) 8.6923 4.3995–17.792 <0.0001 5.1406 1.9847–14.087 0.0007  

CRP  ( 0.4 vs <0.4 mg/dL) 2.0462 1.0908–3.9243 0.0255 0.6336 0.2309–1.6311 0.3492 
AST  ( 27 vs <27 IU/L) 2.3897 1.2660–4.5342 0.0073 0.5785 0.2053–1.5027 0.2677 
ALT  ( 17 vs <17 IU/L) 0.8439 0.4541–1.5714 0.5911 - - - 

LDH  ( 259 vs <259 IU/L) 4.0793 2.1500–7.9056 <0.0001 1.7965 0.6195–5.2308 0.2789  
CRE  ( 0.7 vs <0.7 mg/dL) 1.0306 0.5547–1.9281 0.9241 - - - 
BUN  ( 14 vs <14 mg/dL) 0.9056 0.4873–1.6900 0.7539 - - - 

NCC  ( 6.5 vs <6.5 ×104/μL) 0.8065 0.4312–1.5008 0.4973 - - - 
M/E ratio  ( 2.62 vs <2.62) 0.8065 0.4312–1.5008 0.4973 - - - 

MgK  (0 vs >0 /μL) 3.9000 1.6034–9.7607 0.0028 3.0151 1.0032–9.0997 0.0493 
BM-Ly  ( 13.5 vs <13.5 %) 1.0507 0.5664–1.9514 0.8750  - - - 
Mono+Reticulum  ( 3.2 vs 

<3.2 %) 
0.8586 0.4622–1.5949 0.6284 - - - 

BMI, bone marrow involvement; PBI, peripheral blood involvement; WBC, white blood cell; Hb, hemoglobin; 
RDW, red blood cell distribution width; PLT, platelet; PDW, platelet distribution width; Ly, the percentage 
of lymphocyte; DD, D-dimer; sIL2R, soluble interleukin-2 receptor; CRP, C-reactive protein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CRE, creatinine; BUN, 
blood urea nitrogen; NCC, nuclear cell count; M/E ratio, Myeroid/Erythroid ratio; MgK, megakaryocyte 
count; BM-Ly, the percentage of lymphocyte in bone marrow; Mono + Reticulum, the percentage of Monocyte 
and Reticulum in bone marrow 
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 Table 5 Cutoff values, sensitivities, specificities, and AUCs for independent predictors 

Markers Cut-off values Sensitivities (%) Specificities (%) AUCs (95% CI) 
Total, n = 196 

PLT, ×103/μL 160 54.4  81.3  0.7100 (0.6218–0.7848) 
sIL2R, U/mL 2360 66.7  81.3  0.7941 (0.7146–0.8559) 

MgK, /μL 0 23.2  92.8  0.5940 (0.5000–0.6817) 
PBI positive 22.8  98.6  0.6068 (0.5498–0.6611) 

combination - 71.4  79.9  0.8058 (0.7281–0.8653) 

B cell type, n = 171 
PLT, ×103/μL 169 54.6  80.3  0.7102 (0.6106–0.7930) 
sIL2R, U/mL 1140 84.1  63.8  0.7906 (0.7012–0.8587) 

MgK, /μL 25 72.1  46.5  0.6222 (0.5211–0.7138) 
PBI positive 20.5  99.2  0.5983 (0.5364–0.6573) 

combination - 79.1  75.6  0.8189 (0.7310–0.8827) 

DLBCL, n = 82 
PLT, ×103/μL 241 100.0  35.8  0.6950 (0.5414–0.8148) 
sIL2R, U/mL 1170 80.0  67.2  0.7702 (0.5987–0.8827) 

MgK, /μL 13 66.7  55.2  0.6085 (0.4480–0.7485) 
PBI positive 20.0  98.5  0.5925 (0.4841–0.6927) 

combination - 60.0  88.1  0.7672 (0.5938–0.8813) 

FL, n = 48 
PLT, ×103/μL 169 52.9  83.9  0.6575 (0.4699–0.8061) 
sIL2R, U/mL 1140 88.2  74.2  0.8482 (0.6868–0.9344) 

MgK, /μL 6 52.9  77.4  0.5930 (0.4048–0.7573) 
PBI positive 11.8  100.0  0.5588 (0.4791–0.6357) 

combination - 88.2  74.2  0.8596 (0.6993–0.9416) 

T cell type, n = 25 
PLT, ×103/μL 159 61.5  75.0  0.6667 (0.4253–0.8439) 
sIL2R, U/mL 6240 69.2  83.3  0.7372 (0.4778–0.8958) 

MgK, /μL 31 46.2  75.0  0.5032 (0.2735–0.7316) 
PBI positive 30.8  91.7  0.6122 (0.4521–0.7512) 

combination - 53.9  91.7  0.7436 (0.5026–0.8927) 
AUC, area under the ROC curve; PLT, platelet; sIL2R, soluble interleukin-2 receptor; 
MgK, megakaryocyte count; PBI, peripheral blood involvement; DLBCL, Diffuse large B-cell 
lymphoma; FL, Follicular lymphoma 
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Figure 1 Abnormal lymphocytes in peripheral blood smears 

(A) A case of adult T-cell lymphoma. Small- to medium-sized abnormal lymphocyte with markedly 

irregular nuclear coutour.  

(B) A case of diffuse large B-cell lymphoma. Medium sized abnormal lymphocytes with slightly irregular 

nuclear coutour and mixed, dispersed, and delicate chromatin.  

(C) A case of follicular lymphoma. Small-sized abnormal lymphocyte with markedly lobulated nuclei.  

(D) A case of mantle cell lymphoma. Medium-sized abnormal lymphocytes with moderately-dispersed 

chromatin. 


