
Lymphocyte-To-Monocyte Ratio May Serve as a Better 
Prognostic Indicator Than Tumor-Associated- Macrophages in 
DLBCL Treated with Rituximab

Eri Matsuki, MD, PhD, MPH1,*, Olga L. Bohn, MD2,*, Siraj El Jamal, MD3, Janine D. Pichardo, 
BS2, Andrew D. Zelenetz, MD, PhD1, Anas Younes, MD1, Julie Teruya-Feldstein, MD2,3

1Lymphoma Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New 
York, NY

2Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, NY

3Department of Pathology, Mount Sinai Health System, Ichan School of Medicine at Mount Sinai, 
New York, NY

Abstract

There are multiple prognostic indicators for Diffuse large B-cell lymphoma (DLBCL) including; 

the International Prognostic Index (IPI), and gene expression profiling (GEP) to classify the 

disease into germinal center B-cell and activated B-cell subtypes, the latter harboring inferior 

prognosis. More recently, tumor-associated-macrophages (TAM) and lymphocyte-to-monocyte 

ratio (LMR) were found to have prognostic implications in DLBCL. However, consensus is yet to 

be reached in terms of the significance of each. In this study, we evaluated the prognostic value of 

tumor-associated-macrophages (TAM) as assessed by CD163 or CD68 positivity by IHC on tissue 

biopsies and lymphocyte-to-monocyte ratio (LMR) was calculated from peripheral blood 

differential, with focus on the inclusion of rituximab as a treatment modality.

The number of CD68-positive cells in the tumor microenvironment did not exhibit significant 

prognostic value, whereas higher number of CD163-positive cells was associated with inferior OS 

in patients treated with chemotherapy alone. This effect was no longer evident in patients treated 

with rituximab containing chemo-immunotherapy. On the other hand, the prognostic significance 

of LMR on survival was more persistent regardless of treatment. There was no association 

between LMR and the number of CD163-positive cells. Our results suggest that LMR is the more 

easily and widely available prognostic marker in this era of chemo-immunotherapy. Our finding 

supports previous literature that the effect of TAM can vary according to treatment. Interaction 

between rituximab and TAM warrant further scientific investigation for mechanistic insights into 

targeted therapeutics.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin 

lymphoma (NHL), and accounts for approximately 30% of NHL in the western population.

(1, 2) It is a clinically, immunophenotypically, and genetically heterogeneous disease. The 

backbone of treatment has been combination chemotherapy with cyclophosphamide, 

doxorubicin, vincristine and prednisone (CHOP) and addition of rituximab to the regimen 

(R-CHOP) has significantly improved the prognosis of the disease.(3-6)

Various prognostic systems incorporating clinical and pathological features have been 

explored, with the international prognostic index (IPI) being the most widely used to date.(7) 

Gene expression profiling (GEP) has been successful in classifying the disease into germinal 

center B-cell (GCB) and activated B-cell (ABC) subtypes, with the latter harboring an 

inferior prognosis.(8, 9) Targeted agents have been developed that shows improved efficacy 

in ABC-DLBCL patients, allowing this classification to be used to differentiate treatment 

strategies.(10) However, the translation of GEP into a more widely available 

immunohistochemistry (IHC) based classification has resulted in conflicting results.(11-14)

Tumor microenvironment has been known to play an important role in tumor progression 

and response to treatment both in solid tumors and lymphomas.(15-18) Of the various 

cellular components of the microenvironment, macrophages have been known to exhibit 

tumor promoting functions including angiogenesis, tumor cell invasion, migration, 

metastasis, and suppression of anti-tumor immunity, and the infiltration of tumor associated 

macrophages (TAMs) or enrichment of TAM-associated gene signatures have been shown to 

have prognostic implication in various tumors including Hodgkin lymphoma and follicular 

lymphoma.(15, 19-21) However, its significance in DLBCL has thus far been controversial 

mainly due to difference in the method used to evaluate macrophages as well as types of 

treatment given.(22-24)

Another known prognostic marker in DLBCL is the peripheral blood monocyte and 

lymphocyte count, and the lymphocyte-to-monocyte ratio (LMR).(25, 26) Peripheral blood 

monocytes together with tissue resident macrophages are the sources of TAM, however, the 

relationship between peripheral blood monocytes and TAM and their prognostic significance 

in DLBCL has not been fully elucidated. =In this study, we assessed the prognostic 

significance of LMR and TAM in DLBCL in light of using rituximab as a treatment 

modality.

Materials and Methods

Patients

Patients newly diagnosed as DLBCL at Memorial Sloan Kettering Cancer Center (MSKCC) 

between 1990 and 2014 were evaluated for biospecimen availability. Cases were excluded if 

they had a history of low-grade B-cell lymphoma, Hodgkin lymphoma, AIDS/HIV infection, 

primary central nervous system DLBCL, and post-transplant lymphoproliferative disorder. A 

total of 142 patients were included in the study. Relevant clinical information including age, 

gender, stage, serum lactate dehydrogenase (LDH) levels, international prognostic index 
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(IPI), monocyte and lymphocyte count at diagnosis of DLBCL, type of treatment and 

survival were collected from the medical record. Lymphocyte-to-monocyte ratio (LMR) was 

calculated as absolute lymphocyte count (ALC)/absolute monocyte count (AMC). The study 

was performed under approval from the institutional review board of MSKCC.

Immunophenotypic Analysis

Tissue microarrays (TMA) were constructed from formalin-fixed, paraffin-embedded tissue 

with cores in triplicate. CD163 and CD68 expression were evaluated by IHC performed on 

TMAs using anti-CD163 (10D6, Vector Laboratories, Burlingame, CA, USA) and anti-

CD68 (KP1, Dako, Glostrup, Denmark) antibody performed on automated platform 

(Ventana Medical Systems Inc, Tucson, AZ, USA) according to manufacturer protocols. 

Stained slides for CD163 and CD68 were scanned using the Aperio system (Leica 

Biosystems, Nussloch, Germany), and the number of CD163 or CD68 positive nucleated 

cells at magnification of 20x were manually counted. The cases were classified into four 

categories according to the number of CD163-positive nucleated cells: score 0: 0-50 cells; 

score 1: 51-100 cells; score 2: 101-150 cells; score 3: >150 cells per high-powered field, 

40X objective (Figure 1). The number of CD163 or CD68-positive cells was also analyzed 

using ImageJ software (National Institutes of Health, Bethesda, MD, USA). We also 

assessed for BCL2 and MYC expression by IHC using anti-BCL2 (124, Dako, Glostrup, 

Denmark) and anti-MYC (Y69, Abcam, Cambridge, UK) antibodies on TMAs. BCL2 and 

MYC were scored for positivity among the tumor cells at 10% increments. The cell-of-

origin (COO) classification was determined according to the Hans algorithm.(11)

Statistical Analysis

Overall survival (OS) was calculated from the date of diagnosis to the date of death or last 

follow-up, and progression-free survival (PFS) was calculated from the date of diagnosis to 

the date of confirmed disease progression, death or last follow-up, whichever occurred 

earliest. Survival was estimated using the Kaplan-Meier method and compared using either 

the log-rank test or by Cox-regression analysis. Due to varying cut-off value for CD163 

positivity in the literature, two different cut-off values were explored in our dataset, score 0 

vs 1-3, and score 0-2 vs 3 to assess for prognostic significance in dichotomized groups.(24, 

27) A pre-defined cut-off value of LMR>2.1 was used to determine its prognostic 

significance according to published literature.(28)

Associations of two continuous variables were assessed using Spearman’s rank correlation 

coefficient and that for categorical variables were assessed using Fisher’s exact test or chi-

square test.

All analysis was performed using SAS 9.4.

Results

Patient and Disease Characteristics

The characteristics of the patients included in the study are summarized in Table 1. The 

median follow-up of the entire cohort was 5.4 years. Of the 142 patients included in the 
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study, nine (6.3%) patients did not receive any treatment, and were excluded from the 

survival analysis. 89 (62.7%) patients received rituximab containing combination 

chemotherapy, and 44 (31.0%) patients received chemotherapy without rituximab. The 

details of the type of treatment combined with or without rituximab are detailed in Table 1. 

The majority of the patients received CHOP-based chemotherapy. Patients treated with 

rituximab combined therapy were found to have a lower AMC at the time of diagnosis, and 

were more likely to be of germinal center B-cell (GCB) subtype by COO classification, 

however, other clinical characteristics were similar between two groups (Table 1).

CD163, CD68 staining and survival

CD163 and CD68 staining was successful and evaluable in 103 and 78 patients, respectively. 

The median number of CD163-positive cells was 76 (range: 0 – 494) and that of CD68-

positive cells was 153 (range: 14 - 430). The manual count and computerized count using 

ImageJ had a high concordance with a correlation coefficient of 0.97 (p<0.0001) and 0.98 

(p<0.0001) for CD163 and CD68, respectively (Figure 2 A, B). The number of CD163-

positive cells and CD68-positive cells had a weak positive correlation with a correlation 

coefficient of 0.48 (p<0.0001) (Figure 2C).

CD163 positivity as a continuous variable had a significant association with OS in patients 

treated without rituximab (HR=1.005, p=0.014), but not in patients treated with rituximab 

containing regimen (HR=0.999, p=0.66). On the other hand, CD68 positivity had no 

association with prognosis in either patient population (HR=0.999, p=0.87 for non-rituximab 

containing regimen and HR=0.992, p=0.28 for rituximab containing regimen). We assessed 

the prognostic significance of CD163 score 0 vs 1-3 and score 0-2 vs 3 in accordance to 

published literature with slight modification, to identify group of patients with prognostic 

significance using CD163-positive cells in the microenvironment. Patients with CD163 score 

of 3 (>150 cells) had a significantly worse OS (5 year OS of 53.6% vs 88.5%, p=0.022) in 

patients who received treatment without rituximab (Figure 3 A, B). Neither CD163 

expression nor CD68 expression was significantly associated with PFS in our patient cohort 

(Figure 3 C, D, Table 2).

LMR, CD163 expression and survival

Data on peripheral blood monocyte and lymphocyte count at the time of DLBCL diagnosis 

was available for 136 patients. The median ALC was 1,270/mm3, and the median AMC was 

380/mm3 leading to a median LMR of 3.14 in the entire population. Patients treated with 

rituximab containing chemotherapy had a lower AMC in this patient cohort, however, there 

was no difference in the LMR between patients treated with or without rituximab.

There was no association between number of CD163-positive cells in the microenvironment 

and the peripheral blood LMR assessed either as a continuous variable (ρ = -0.09, p=0.63) 

(Figure 2D) or as a categorical variable (p=0.91).

We evaluated the prognostic significance of low LMR (LMR≤2.1) on OS, and found that 

lower LMR was predictive of decreased survival (5 year OS of 73.9% vs 91.7%, p=0.048) in 

patients treated with rituximab combined regimen, and the same trend was seen (5 year OS 

of 75.0% vs 86.3%, p= 0.075) in patients treated without rituximab (Figure 4 A, B). There 
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was also a significant difference in PFS according to LMR in patients treated without 

rituximab (5yr PFS of 43.8% vs 71.2%, p=0.041) but not in those treated with rituximab 

containing regimen (Figure 4 C, D).

Other prognostic factors and their association with CD163 expression and LMR

We evaluated the prognostic significance of other factors known to be associated with 

survival in DLBCL (Table 2). None of the factors evaluated were significantly associated 

with either OS or PFS for patients treated with rituximab containing regimen. Age, stage, 

non-GCB subtype, and MYC expression of ≥40% were significantly associated with OS, 

and IPI, stage, in patients treated without rituximab.

In terms of the association of known prognostic factors with either CD163 expression or low 

LMR, patients with advanced stage had higher number of CD163-positive cells in the 

microenvironment, as well as tumors with ABC subtype and high MYC expression. Patients 

with low LMR were more likely to present with high IPI risk score, BM involvement, or B 

symptoms. Due to the limited number of events in each treatment group, the independent 

significance of these factors was not evaluated in this study.

Discussion

In this study, we evaluated the prognostic significance of TAM and LMR in DLBCL, as well 

as the association of LMR and TAM, and their association with other known clinical and 

pathological markers of prognostic significance. We used two markers to identify TAM, 

CD163 and CD68, and found that the number of CD163-positive cells but not CD68-positive 

cells in the microenvironment was significantly associated with OS in patients treated prior 

to the rituximab era, but this difference was no longer evident in patients treated with 

rituximab. On the other hand, LMR was predictive of survival in the rituximab era, with the 

difference marginally lacking significance in patients treated without rituximab. There was 

no association between LMR and the number of CD163-positive cells. Since combination of 

rituximab with chemotherapy is the current standard of care for patients with DLBCL, we 

conclude from our study that LMR may be a better prognostic indicator than TAM in cases 

of DLBC.

Recent literature also suggests that the negative impact of TAMs could be dependent on the 

type of treatment received. Riihijarvi et al.(27) published their experience on the association 

of TAM assessed by CD68 mRNA and protein expression in DLBCL patients treated in the 

Nordic Phase II study, and compared their finding with an independent cohort of patients. 

They found CD68 expression at both the mRNA and protein level to be associated with 

favorable outcome in patients treated with rituximab containing chemo-immunotherapy, 

which was confirmed in independent validation cohort, but also found that the effect of 

CD68 expression was reversed in patients receiving chemotherapy alone without rituximab. 

Although the histology is different, two separate groups have shown a similar finding in 

patients with follicular lymphoma, where high TAM content was associated with inferior 

survival in the era of chemotherapy, and this negative impact could be circumvented with the 

incorporation of rituximab.(29, 30) Our study result is in line with these findings, suggesting 

an interaction of rituximab on the function of TAMs.
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One major difference of the current study with the previous reports is that we assessed both 

CD68 and CD163 positive cells in the microenvironment, and only found CD163 to be 

significantly associated with survival in chemotherapy only patients, which is contrary to 

what have been reported.(27) There have been conflicting reports in the literature regarding 

the utility of CD68 and CD163 as prognostic markers in DLBCL.(22-24, 31) Different 

studies have used different methods of staining, scoring and cut-off values for positivity, 

making a direct comparison and interpretation of the studies difficult. We have therefore 

used cut-off values that are comparable to previous published literatures, and have confirmed 

the prognostic role of CD163 expression.(24, 27) Traditionally, macrophages have been 

classified into M1 and M2 subtype according to their phenotype, with the former exhibiting 

bactericidal and tumoricidal function as opposed to the protumoral phenotype of the latter.

(20) CD163 is considered to be a marker relatively specific to M2 type macrophages 

compared to the pan-macrophage marker, CD68, and therefore, an increase in the number of 

CD163-positive cells would explain the increased resistance to treatment leading to 

decreased survival, at least in chemotherapy treated patients.(32) We note that in the current 

study 25 addtitional patients were analyzed for CD163 over CD68 and that the KP1 clone 

for CD68 was used over the PGM1 clone thought to be more specific, nevertheless, recent 

understanding of the tumor microenvironment suggests the polarization and classification of 

the different types of TAMs to be more dynamic and diverse, and a more sophisticated 

approach than a single marker IHC stains would be necessary to further understand the 

differing role and prognostic value of these cells.(20)

Beyond prognostic value, this study also provides interesting insight into the role of 

macrophages in the tumor microenvironment of DLBCL, especially in association with the 

use of rituximab. One of the mechanisms of action of rituximab in the treatment of B-cell 

lymphoma is through antibody-dependent cellular cytotoxicity (ADCC), and therefore, in 

the era of rituximab use, increase of macrophages in the tumor microenvironment may have 

been a marker of enhanced ADCC, leading to improved survival.(33) In vitro study has 

shown that macrophages differentiated with M-CSF stimulation (M2 phenotype) exhibited 

greater phagocytic activity against rituximab opsonized cells compared to GM-CSF induced, 

M1 macrophages.(34) This phenomena might explain the difference seen in the current 

study that macrophages delineated by the more M2 macrophage specific marker CD163 

showed stronger signal compared to CD68 delineated macrophages. Other possibilities 

include the use of rituximab stimulating the change in the polarization of macrophages into a 

tumoricidal, M1-type phenotype to promote their anti-tumoral function. Targeting of 

macrophages with colony-stimulating factor 1 receptor (CSF1R) inhibitors or monoclonal 

antibodies have gained interest and tested in the clinical setting against various solid tumors 

and Hodgkin lymphoma, where high TAM content has been associated with poor prognosis.

(35, 36) Putting together our current result as well as prior findings, this type of approach 

may not be as appealing in DLBCL compared to solid tumors. However, our data suggests 

that through further understanding of the mechanism of improved survival of patients with 

the addition of rituximab to the treatment scheme and its association with macrophage 

content, a treatment modality targeting the change in the macrophage polarity might be a 

more appealing approach to improve prognosis of patients with DLBCL
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In this study, we have also looked in detail the prognostic role of LMR in DLBCL and its 

association with macrophage signature in the tissue. Although the association of low LMR 

with prognosis did not reach statistical significance, we believe this was limited due to the 

relatively small sample size in the non-rituximab containing patient group, and overall, our 

result suggests that LMR has its prognostic relevance regardless of the incorporation of 

rituximab in the treatment regimen. While the origin of TAMs were initially considered to be 

peripheral blood monocytes, recent findings suggest at least two other origins of TAM; the 

yolk-sac and the fetal liver, which both give rise to tissue-resident macrophages.(37) The 

difference in the effect of rituximab use seen between tissue CD163-positive cells versus 

LMR, which reflects the peripheral blood monocytes, might be explained by this multiple 

origin of TAM, which is reflected on the lack of association between LMR and number of 

CD163-positive cells in the tumor.

Due to the retrospective as well as a single institute nature of this study, our result is limited 

in exploring the effect of different combination chemotherapy with or without rituximab that 

may have affected the role of macrophage in treatment effect. However, since the majority of 

patients received CHOP-based chemotherapy, or treatment modality that includes the use of 

same drug in a different dosing schedule,(38) we believe that this effect is minimal. Another 

limitation to the current study is the limited sample size, limiting the assessment of 

independent association of macrophage/monocyte associated markers in addition to 

currently known prognostic features. Especially, we have identified that the number of 

CD163-positive cells in the tissue is associated with non-GCB phenotype and high MYC 

expression that are known markers of more aggressive disease phenotype.(9, 39, 40) 

Therefore, the increase of CD163-positive cells may reflect the rapid tumor growth and 

resulting cellular turnover, and hence may not have been an independent prognostic marker. 

Nevertheless, the data on TAM in DLBCL is controversial with discordant results and not 

ready for real time assessment with questions remaining on mechanisms (41). In conclusion 

we have confirmed the prognostic role of TAMs assessed by CD163-positive cells in the 

tumor microenvironment in patients with DLBCL, when treated with chemotherapy alone 

but not with rituximab combined chemo-immunotherapy. We have also identified that LMR 

remains to be a significant prognostic factor in the era of rituximab use. Our study adds to 

the literature in the current understanding in the role of TAMs as a prognostic marker in 

DLBCL. The scientific rationale behind the differing role of these markers as well as the 

difference in response to rituximab use needs further exploration and validation in 

prospective clinical studies.
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Figure 1. 
Representative stains for CD163 and CD68. Left Column: Representative stains of CD163 

scanned in Aperio at x20 magnification. Score 0: 0-50 cells, score 1: 51-100 cells, score 

2:101-150 cells, score 3: >150 cells. Right Column: Corresponding CD68 stains of the cases 

stained for CD163. CD68 tended to stain more cells compared to CD163.
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Figure 2. 
Correlation plot for manual and computerized count for CD163 and CD68 (A &B). Both 

CD163 and CD68 had a high correlation between manual and automated count. CD163 and 

CD68 had a weak but significant correlation (C). There was no association between CD163 

count and LMR (D).
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Figure 3. 
Overall survival (A & B) and progression-free survival (C & D) according to CD163 score. 

A) &C) Overall survival and progression-free survival of patients treated with rituximab 

containing regimen, B) & D) Overall survival and progression-free survival of patients 

treated without rituximab containing regimen.
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Figure 4. 
Overall survival (A&B) and progression-free survival (C&D) according to LMR. The 

prognostic significance of LMR>2.1 was evaluated by log-rank test according to type of 

treatment received. A) &C) Overall survival and progression-free survival of patients treated 

with rituximab containing regimen, B) & D) Overall survival and progression-free survival 

of patients treated without rituximab containing regimen.
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Table 1

Baseline characteristics of patients according to treatment type

Overall Rituximab (+) Rituximab (-)

Number of patients 142 89 44

Median Follow-up (yrs) [range] 5.44 [0.02-22.6] 5.45 [0.20-12.4] 6.67 [0.03-22.6]

Median Age (yrs) [range] 62.5 [18-83] 64 [19-83] 59.5 [18-80]

ALC (/mm3) [range] 1,270 [170-4,810] (n=136) 1,210 [270-3,100] 1,320 [170-4,810] (n=40)

AMC (/mm3) [range] 380 [40-1,640] (n=136) 360 [40-1,110] 510 [40-1,050] (n=40)

LMR [range] 3.14 [0.46-14.1] (n=136) 3.25 [0.67-14.1] 2.89 [0.46-8.88] (n = 40)

Median CD163 positive cells [range] 76 [0-494] (n=103) 81 [1-494] (n=61) 66 [0-459] (n=33)

Median CD68 positive cells [range] 153 [14-430] (n=78) 171 [14-430] (n=44) 138 [33 - 409] (n=28)

Gender Male 74 (56%) 48 (54%) 26 (59%)

Female 58 (44%) 41 (46%) 18 (41%)

IPI Low 42 (30%) 29 (33%) 12 (27%)

Low-intermediate 40 (28%) 25 (28%) 14 (32%)

High-intermediate 28 (20%) 18 (20%) 8 (18%)

High 22 (15%) 12 (13%) 8 (18%)

Missing 10 (7%) 5 (6%) 2 (5%)

Stage 1 34 (24%) 20 (22%) 12 (27%)

2 25 (18%) 17 (19%) 8 (18%)

3 24 (17%) 19 (21%) 4 (9%)

4 56 (39%) 33 (37%) 19 (43%)

Missing 3 (2%) 0 (0%) 1 (2%)

Cell-of-origin GCB 66 (46%) 47 (53%) 12 (27%)

Non-GCB 59 (42%) 30 (34%) 27 (61%)

Missing 17 (12%) 12 (13%) 5 (11%)

Chemotherapy regimen CHOP/EPOCH 102 (72%) 76 (85%) 26 (59%)

CHOP-ICE 10 (7%) 10 (11%) 0 (0%)

NHL-15 11 (8%) 0 (0%) 11 (25%)

Other 9 (6%) 3 (3%) 6 (14%)

Details Unknown 1 (1%) 0 (0%) 1 (2%)

Untreated 9 (6%) 0 (0%) 0 (0%)

CD163 score 0 33 (23%) 20 (22%) 11 (25%)

1 28 (20%) 13 (15%) 10 (23%)

2 9 (6%) 3 (3%) 5 (11%)

3 33 (23%) 25 (28%) 7 (16%)
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Overall Rituximab (+) Rituximab (-)

Missing 39 (27%) 28 (31%) 11 (25%)

ALC: absolute lymphocyte count, AMC: absolute monocyte count, LMR: lymphocyte-to-monocyte ratio, GCB: Germinal center B-cell
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