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positive T-cells and CD8 positive cytotoxic T-cells had sig-
nificant association with attainment of complete response 
to treatment. In addition, CD8 positive T-cells of more than 
6.5% proved to be an independent predictor of treatment 
outcome (p = 0.022). Multivariate Cox regression survival 
analysis revealed that cases with ‘good’ R-IPI prognostic 
score and ‘high CD68 positive macrophages in tumor micro-
environment’ had a significantly longer overall survival. 
Increased number of cytotoxic T-cells was significantly 
associated with complete response to treatment and higher 
number of macrophages correlated significantly with better 
overall survival signifying their antitumor effects.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon subtype among the high-grade Non-Hodgkin Lympho-
mas (NHL) worldwide and represents 35% of all the NHL 
[1]. It occurs in lymph nodes as well as in extra nodal sites. 
Gene expression profiling of DLBCL has resulted in the 
identification of two clinically and prognostically distinct 
subtypes namely germinal center B-cell type (GCB) and the 
activated B-cell type (ABC) based on the cell of origin [1, 
2]. R-CHOP (Rituximab, Cyclophosphamide, Doxorubicin, 
Vincristine and Prednisone) regimen has been the main stay 
of treatment for DLBCL [3]. However about 20% of patients 
relapse following completion of treatment. Revised Inter-
national Prognostic Score (R-IPI) is the most widely used 
tool for risk stratification of DLBCL [4]. However it has 
been noted that patients belonging to the same risk category 
exhibit different outcomes.

Abstract Revised International Prognostic (R-IPI) score is 
used widely for risk stratification of DLBCL cases, yet some 
patients belonging to same risk category tend to exhibit dif-
ferent outcomes. The role of T-cells and macrophages in 
prognostication of lymphomas has been a point of interest 
of late. We aimed to study the association of FOXP3 posi-
tive T-regulatory cells, cytotoxic T-cells and macrophages 
with the immunophenotypic subtypes, clinicopathological 
characteristics, treatment response and survival in nodal 
diffuse large B-cell lymphoma (DLBCL) patients. The clin-
icopathological and treatment data of 83 DLBCL patients 
diagnosed and treated at our institute from January 2015 to 
December 2018 were collected and followed up till June 
2020. CD8, FOXP3 and CD68 immunostains were per-
formed to highlight the cytotoxic T-cells, T-regulatory cells 
and macrophages respectively on the lymph node biopsies 
and the distribution of these cells and their association with 
clinico-pathological factors, treatment response and survival 
was analyzed. DLBCL cases with higher percentage of CD3 
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In the last decade there has been emphasis on tumor 
microenvironment in lymphomas and its role in predicting 
the treatment outcome in these patients. The cells which 
constitute the tumor microenvironment are the innate and 
adaptive immune cells, microvasculature, fibroblasts and 
other stromal cells [5, 6]. In hematolymphoid malignan-
cies, the interactions between the tumor microenvironment 
and the malignant cells are complex, and therefore it is 
difficult to predict the prognosis. The complex microen-
vironment may promote or constrain the development of 
lymphoma, depending on the relative distribution of vari-
ous sub population of cells. In DLBCL, many researchers 
have studied the effect of Cytotoxic T-lymphocytes (CTL), 
T-regulatory cells (T-regs) and Tumor Associated Mac-
rophages (TAM) on the treatment outcome and prognosis. 
Some of these studies have suggested that these cells pro-
vide anti-tumor immunity whereas other studies state that 
these cells promote tumor progression [6–9].

Even though CTL mount an anti-tumor immune 
response, in DLBCL an increase in the number of CTL 
creates a continuous immunogenic pressure on the tumor 
cells which results in downregulation of MHC class I 
expression on tumor cells, making it resistant to CTL 
mediated apoptosis [7]. The immunosuppressive function 
of T-regs have been well established in solid malignancies 
where these cells shields the tumor cells from immune 
detection, and thereby allow the tumor cells to survive 
and proliferate [10]. In NHL, the immunomodulatory role 
of T-regs is yet to be defined. T-regs have diverse inter-
action with tumor cells in lymphomas besides suppres-
sion of cytotoxic immune response. These cells can be 
directly cytotoxic to B-cells causing anti-tumor immunity 
in B-cell lymphomas like follicular lymphoma [11]. Even 
though much attention has been directed towards the role 
of T-regs in various NHLs, their role in the prognostica-
tion of DLBCL still remains controversial.

Tumor Associated Macrophages (TAM) also has a prog-
nostic impact on DLBCL, as shown in several recent stud-
ies. High CD68 mRNA levels as well as increased number 
of CD68 positive macrophages are associated with better 
progression free survival (PFS) in the patients who received 
chemo-immunotherapy, whereas the same was associated 
with poor PFS in the patients treated with chemotherapy 
alone [12]. Rituximab (anti CD20 antibody) exerts its action 
by antibody dependent cellular phagocytosis and antibody 
dependent cytotoxicity which is mediated efficiently by the 
macrophages. This role of the macrophages can be attrib-
uted to the favorable outcome in patients who received 
rituximab. Nevertheless, according to Hasselblom et al. and 
Meyer et al., there was no significant correlation between 
TAM and survival in DLBCL patients and thus suggested 
that TAM does not play a major role in DLBCL prognostica-
tion [13, 14].

With this background, the distribution of CTLs, T-regs 
and TAM in nodal DLBCL using CD8, FOXP3 and CD68 
immunohistochemical stains respectively were studied to 
identify the association of these cells with the histological 
subtypes, immunophenotypes and clinicopathological char-
acteristics of nodal DLBCL. The prognostic utility of CTLs, 
T-regs and TAM in predicting the end of treatment response/
outcome and survival in DLBCL patients was also studied 
to identify new prognostic biomarkers.

Materials and Methods

Clinical Data

A total of 103 cases of nodal DLBCL were diagnosed in 
Department of Pathology from the period of January 2015 
to December 2018 and the formalin fixed paraffin embedded 
blocks of these cases were available in our archives. Out of 
the 103 cases, 83 cases had complete clinical and treatment 
details and were included in the study. Baseline demograph-
ics, patient and disease related characteristics, laboratory 
parameters, treatment course, response and outcomes were 
collected from medical records in the Department of Medi-
cal Oncology and the hospital information system. Staging 
was done according to the modified Ann-Arbor and cases 
were divided into early stage (Stage I and II) and advanced 
stage (Stage III and IV) [15]. Risk assessment was done 
using R-IPI score and the cases were divided into very good, 
good and poor prognostic groups [4].

Histopathological and Immunohistochemical Data

The diagnostic Hematoxylin and Eosin (H and E) stained 
lymph node biopsy slides were reviewed along with their 
corresponding IHC slides to confirm the morphological 
variant and the immunophenotype. Immunophenotypic 
sub-typing of lymph node biopsies was done according to 
Han’s algorithm into germinal center B-cell type (GCB) and 
the activated B-cell type (ABC). CD8, CD68 and FOXP3 
immunostains were performed in all the 83 cases on standard 
sections of 2 to 3 micron thickness.

Interpretation of Immunohistochemical Stains

CD3, CD8, FOXP3 and CD68 highlighted panT-cells, 
cytotoxic T-cells, T-regulatory cells and macrophages in 
the tumour microenvironment respectively. CD3 (Poly-
clonal, PathnSitu) immunostain highlighted the T-cells 
in membranous staining pattern. CD8 (clone: C8/144B. 
DAKO) showed membranous staining pattern in the cyto-
toxic T-cells. CD68 (clone: PG-M1, DAKO) showed mem-
branous and cytoplasmic granular staining pattern in the 
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macrophages. Forkhead box P3/ scrufin (FOXP3) is a tran-
scription factor which is crucial for the immunosuppressive 
function of T-regulatory cells. FOXP3 (clone 236A/E7, 
ABCAM) immunostain showed nuclear staining pattern in 
the T-regulatory cells. The IHC-stained slides were indepen-
dently viewed by two pathologists, who manually quantified 
the cells using the following method. Ten high-power fields 
(40 × magnification) where the maximum density of IHC 
positive cells was observed were selected as hot spots. The 
number of CD3, CD8, FOXP3 and CD68 positive cells were 
counted in these 10 hot spots of the respective slides. The 
total number of stained cells was divided by the total number 
of cells viewed in each hot spot to arrive at percentage of 
cells positive for a particular immunostain. The mean value 
was calculated from the 10 hot spots. The average of the 
values obtained by the two pathologists was taken as the 
final value.

Treatment and Follow Up Data

Patients were treated with six cycles of first line chemo-
therapy (Rituximab, Cyclophosphamide, Doxorubicin, 
Vincristine and Prednisone – CHOP/ R-CHOP regimen). 
Concurrent involved site radiotherapy (ISRT) was given to 
patients with bulky disease (> 10 cm). Assessment for treat-
ment response was done at the end of four cycles (interim 
response) and at the end of six cycles (end of treatment 
response) by PET-CT/CECT scan as recommended by 
Cheson et al. in 2014 [16]. The cases were classified under 
four response categories namely ‘Complete Response’ (CR), 
Partial Response (PR), Stable Disease (SD) and Progres-
sive Disease (PD). Further treatment for patients with PR, 
SD and PD was based on treating physician’s discretion. 
Follow up was done till June 2020 and any relapse or pro-
gressive disease was recorded from the patient’s records. 
Overall survival (OS) and progression free survival (PFS) 
were calculated. Overall survival (OS) was defined as the 
time interval between the date of diagnosis to the date of 
death or the date of the last follow-up visit. Progression free 
survival (PFS) was defined as the time from initial diagnosis 
to relapse, death, or last follow-up, whichever came first. 
The median follow-up time was 23 months and ranged from 
16.9–29 months.

Statistical Tests

All statistical analysis was done using SPSS software IBM 
PASW statistics (SPSS) – version 20.0. Normality of the 
quantitative variables was tested by Kolmogrov Smirnoff 
test. The association of CD3 positive T-cells, CD8 posi-
tive T-cells, FOXP3 positive T-cells and CD68 positive 
macrophages with clinical characteristics and treatment 
outcome was done using ‘independent student’s t-test’. The 

cutoff values of the quantitative variables that had signifi-
cant association with treatment outcome were calculated 
from ROC curve using Youden’s index. The independ-
ent factors associated with the response to treatment were 
explored using binary logistic regression analysis. Kaplan 
Meir curves with log-rank test and Cox proportional haz-
ard regression analysis were used to estimate the survival 
and factors affecting it. The p-values of all these tests were 
based on two-tailed statistical analysis, considering p-val-
ues below 0.05 as statistically significant.

Results

Clinicopathological Characteristics and Treatment 
Data

The median age of our study group was 55 years (range—
14 to 80  years) with a male: female ratio of 2.1:1. 
Advanced clinical stage was seen in 49 (59%) cases and 
B-symptoms were more commonly observed in cases who 
presented with advanced stage disease (67%). Based on the 
R-IPI score the cases were divided into three prognostic 
groups (very good, good and poor). None of the cases had 
an R-IPI score of zero. There were 56 patients (67.5%) in 
the ‘good’ prognostic group and 27 patients (32.5%) in 
the ‘poor’ prognostic group. ABC was the most common 
immunophenotype comprising of 52 cases (62.7%) fol-
lowed by GCB subtype (37.3%). Bone marrow involve-
ment was assessed by either PET-CT or bone marrow 
biopsy and this data was available for 81 patients (97%). 
Marrow involvement by DLBCL in bone marrow biopsy 
was confirmed by performing CD20 immunohistochemis-
try. Marrow involvement by DLBCL was observed in 11 
(13.6%) cases. The baseline clinico-pathological details 
are summarized in Table 1.

Chemotherapy with or without additional ISRT was 
given to 76 (91.5%) patients in the form of CHOP regimen 
(7 patients; 9.2%) R-CHOP regimen (66 patients; 86.9%) 
or dose adjusted EPOCH-R (etoposide, prednisone, vincris-
tine, cyclophosphamide, doxorubicin, and rituximab) regi-
men (3 patients; 3.9%). Two patients (2.4%) expired and five 
patients (6.1%) lost to follow up before starting chemother-
apy. Out of these 76 patients who received chemotherapy, 
53 (69.7%) patients completed six cycles of chemotherapy 
and were subjected to response assessment at the end of 
treatment. Eleven patients (14.5%) expired and 12 patients 
(15.8%) lost to follow up before completion of treatment. 
Nine patients (10.8%) had relapsed after treatment comple-
tion and were given salvage chemotherapy, and three out of 
the nine relapsed patients had undergone autologous stem 
cell transplant.
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Tumor Microenvironment

The mean values of CD3 positive T-cells, CD8 posi-
tive T-cells, FOXP3 positive T-cells and CD68 posi-
tive macrophages in the tumor microenvironment were 
36.6% ± 18.4%, 12.6% ± 11.5%, 8.8% ± 11.1% and 
14.3% ± 10.4% respectively. Figures  1 and 2 show the 
expression of CD3 positive T-cells, CD8 positive CTL, 
FOXP3 positive T-regs and CD68 positive macrophages in 
the tumor microenvironment of GCB – DLBCL and ABC 
– DLBCL respectively.

Association of Tumor Microenvironment 
with Clinicopathological Characteristics

The expression of CD3 positive T-cells (p = 0.002) and CD8 
positive CTLs (p = 0.003) were significantly lower is cases 
with age more than 60 years. Similarly, there was a higher 

expression of TAM in cases presenting with early-stage dis-
ease (p = 0.020). There were no significant differences in 
the expression of these cells among the immunophenotypic 
subgroups and other clinical characteristics. The association 
of CD3 positive T-cells, CD8 positive CTL, FOXP3 positive 
T-regs and CD68 positive macrophages with the clinico-
pathological characteristics are summarized in Table 2.

Association of Tumor Microenvironment with End 
of Treatment Response

The association of CD3 positive T-cells, CD8 positive CTL, 
FOXP3 positive T-regs and CD68 positive macrophages with 
the treatment outcome at the end of 6 cycles (end of treat-
ment response) are summarized in Table 3. For the ease of 
statistical analysis, the patients were divided into two groups 
based on treatment outcome as “complete response (CR)” 
and “less than CR” which included PR, SD and PD. There 
was a significant difference in the expression of CD3 posi-
tive T-cells (p = 0.044) and CD8 positive CTLs (p = 0.041) 
between the ‘CR’ group and ‘less than CR’ group.

Cutoff values for CD3 and CD8 were derived using 
ROC and AUC. The optimal cutoff value for CD3 posi-
tive T-cells was 34.5% with AUC of 0.681 (95% CI: 
0.530–0.830; p = 0.042). The optimal cutoff value for CD8 
positive CTLs was 6.5% with AUC of 0.697 (95% CI: 
0.540–0.855; p = 0.026). These 53 cases were divided into 
two groups based on the cutoff values and the association 
of these groups with the end of treatment response is shown 
in Table 4.

The odds of attaining complete response to treatment was 
significantly higher in cases having high CD3 expression 
(Odd’s Ratio: 3.84; 95% CI: 1.08–13.63; p = 0.032) and high 
CD8 expression (Odd’s Ratio: 6.64; 95% CI: 1.77–24.82; 
p = 0.003). Also, when a binary logistic regression analysis 
was performed by incorporating the significant variables 
like R-IPI score, CD3 and CD8 cutoff groups, ‘CTLs more 
than 6.5%’ was identified to be the independent predictor of 
treatment outcome (Adjusted Odd’s Ratio: 5.984; 95% CI: 
1.29–27.69; p = 0.022).

Survival Analysis

The median OS time period was 50.2 months (95% CI: 
42.9–57.3 months) and the median PFS time period was 
37.6 months (95% CI: 31.4–43.8 months). Among the clini-
cal characteristics, R-IPI score had a significant effect on 
better OS (p = 0.002) and PFS (p = 0.010). The Kaplan Meier 
curves for OS and PFS according to R-IPI prognostic groups 
are shown in Fig. 3.

The effect of CD3 positive T-cells, CD8 positive T-cells, 
FOXP3 positive T-cells and CD68 positive macrophages 
on OS and PFS is shown in Table  5. CD68 positive 

Table 1  Baseline clinico-pathological characteristics

Variables Frequency Percentage (%)

Age (n = 83)
   ≤ 60 years 63 75.9
   > 60 years 20 24.1

Gender (n = 83)
  Male 57 68.7
  Female 26 31.3

B-symptoms (n = 83)
  Absent 38 45.8
  Present 45 54.2

Clinical Stage (n = 83)
  Early stage 34 41
  Advanced Stage 49 59

Bone marrow infiltration (n = 81)
  Absent 70 86.4
  Present 11 13.6

LDH (n = 78)
  Normal 10 12.8
  Elevated 68 87.2

HIV status (n = 83)
  Non reactive 78 94
  Reactive 05 06

R-IPI prognostic groups (n = 83)
  Good 56 67.5
  Poor 27 32.5

Immunophenotype (n = 83)
  GCB 31 37.3
  ABC 52 62.7

Response to treatment at the end of six cycles (n = 53)
  Complete response 38 71.7
  Less than complete response 15 28.3
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macrophages had a significant effect on the OS (p = 0.032). 
There was no significant effect of CD3 positive T-cells, CD8 
positive T-cells and FOXP3 positive T-cells on either OS 
or PFS. The variables that were statistically significant in 
the univariate Cox regression analysis were incorporated in 
the multivariate model to identify the combined impact of 
these variables on the OS. Cases with ‘good’ R-IPI prog-
nostic score have a 72% reduction in risk of death when 
compared to cases with ‘poor’ R-IPI prognostic score (HR: 
0.282 with 95% CI: 0.118–0.671; p = 0.004). There is a 5.5% 
reduction in the risk of death for every 1% rise in back-
ground CD68 positive macrophages (HR: 0.945 with 95% 
CI: 0.898–0.995; p = 0.036).

Discussion

DLBCL is one of the most common aggressive B-cell malig-
nancy with heterogeneity in its morphological and genetic 
characteristics. Evaluation of tumor microenvironment has 
been one of the areas of recent interest in understanding 
the pathophysiology and outcomes of this disease. We pre-
sent one of the first study from India, which explored the 

association of tumor microenvironment on the clinicopatho-
logical characteristics, treatment outcome and survival of 
DLBCL. Our results suggest that higher number of T-cells, 
especially cytotoxic T-cells in the tumor microenvironment 
of DLBCL were associated with better complete response 
at the end of treatment, and additionally, higher number of 
CD68 positive macrophages in the tumor microenvironment 
correlated significantly with better overall survival.

In our study, ‘good’ R-IPI score was significantly associ-
ated with complete response to treatment, longer OS and 
PFS. This result is in concordance with the study by El-
Galaly et al., in which R-IPI score was able to identify sig-
nificant difference in survival between the R-IPI prognostic 
subgroups with 100% ‘3 years’ PFS in the ‘very good’ prog-
nostic group [17]. However in our study, none of the cases 
were eligible to be classified under ‘very good prognostic’ 
group. One more limitation encountered in our study was 
that approximately 30% of our patients were not available for 
PFS or end of treatment response assessment due to death 
or lost to follow up.

Our study found that a high expression of T-lymphocytes 
(CD3 > 34.5%) and CTLs (CD8 > 6.5%) in the tumor micro-
environment were significantly associated with attainment 

Fig. 1  Expression of tumor microenvironment in Germinal Centre 
B cell subtype of DLBCL (A) photomicrograph showing medium 
to large tumor cells showing round to ovoid nuclei, vesicular chro-
matin and multiple tiny nucleoli, H&EX 400; B) CD10 positive; C) 

BCL6 positive; D) MUM1 negative; E) CD3 positive T-cells; F) CD8 
positive T-cells; G) CD68 positive macrophages; H) FOXP3 positive 
T-cells X DAB 400
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of complete response to treatment. In addition, high CTL 
expression was found to be the independent predictor of treat-
ment outcome. Our data was similar to studies by Chang 
et al. and Linderoth et al., where they had reported that 
increased expression of CTL in the tumor bed was associated 
with favorable prognosis in DLBCL [18, 19]. Similarly, Lipp-
man et al. studied the immunohistochemical expression of 
CTL in DLBCL using Leu2 + as the immunostain and found 
that less than 6% CTL correlated with reduced relapse free 
survival [20]. However, there was no significant association 
between the CTLs and clinical characteristics and survival 
in our study. On the other hand, Muris et al. observed in his 
study that a significant number of DLBCL cases which had 
the presence of activated CTL more than 15% had failed to 
attain complete remission [7]. Many recently conducted stud-
ies have proved that increased expression of CTL were asso-
ciated with poor outcome and survival of DLBCL patients 
[7, 21]. A plausible explanation for the poor outcome could 
be down regulation of surface expression of MHC class I by 
the tumor cells leading to immune evasion.

A higher expression of CD68 positive macrophages in 
tumor microenvironment had a significant association with 
better OS in both univariate and multivariate Cox regression 

analysis. There was a 5.5% reduction in the risk of death for 
every 1% rise in background TAM. Our result was in concord-
ance with Nam et al. and Riihijarvi et al. where an increase in 
CD68 positive cells were related to improved OS in patients 
who received R-CHOP [12, 22]. A higher number of TAM 
were also found in cases which attained complete response to 
treatment, but the association was statistically insignificant. 
Many recent studies have hypothesized that higher expression 
of CD163 positive M2 macrophages in DLBCL predicted poor 
clinical outcome [23, 24]. This discrepancy between our results 
and existing literature could be explained by the polarization of 
macrophages towards M1 subtype in our study. CD68 being a 
pan-macrophage marker, highlights both the M1 macrophages 
involved in anti-tumor immunity and M2 macrophages which 
participates in tumor progression. This hypothesis of polari-
zation of M1 and M2 macrophages could have been studied 
better if CD163 was used in our study along with CD68.

Many studies have found that the presence of increased per-
centage of FOXP3 positive T-regs in DLBCL correlated with 
longer overall survival (OS) [25, 26]. In a study on DLBCL by 
Tzankov et al., increased T-regs were associated with better 
survival in GCB subtype and poor survival in ABC subtype 
[9]. But in our study, FOXP3 did not have any effect on the 

Fig. 2  Expression of tumor microenvironment in Activated B Cell 
subtype of DLBCL (A) photomicrograph showing medium to large 
tumor cells showing round to ovoid nuclei, vesicular chromatin and 
prominent nucleoli, H&EX 400; B) CD10 negative; C) BCL6 posi-

tive; D) MUM1 positive; E) CD3 positive T-cells; F) CD8 positive 
T-cells; G) CD68 positive macrophages; H) FOXP3 positive T-cells 
X DAB 400
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Table 2  Association of CD3, CD8, FOXP3 and CD68 with clinicopathological characteristics

Variables CD3 [Mean ± SD] P value CD8 [Mean ± SD] P value FOXP3 [Mean ± SD] P value CD68 [Mean ± SD] P value

Age (83)
   ≤ 60 years (63) 39.4 ± 19.3 0.002 14.1 ± 12.4 0.003 9.4 ± 11.7 0.396 14.6 ± 10.6 0.738
   > 60 years (20) 28.1 ± 11.7 7.8 ± 5.8 7 ± 8.4 13.7 ± 9.9

Gender (83)
  Male (57) 35.7 ± 17.9 0.484 12.2 ± 10.8 0.699 8.1 ± 10.3 0.419 14.4 ± 10.3 0.861
  Female (26) 38.8 ± 19.5 13.3 ± 13.1 10.3 ± 12.6 14.1 ± 10.9

B symptoms (83)
  Absent (38) 38.4 ± 17.2 0.417 12 ± 10.8 0.658 8.9 ± 10.9 0.985 13.2 ± 8.6 0.368
  Present (45) 35.1 ± 19.4 13.1 ± 12.1 8.8 ± 11.2 15.2 ± 11.7

Clinical Stage (83)
  Early stage (34) 36.7 ± 17.2 0.990 11.9 ± 9.6 0.644 10.5 ± 14.1 0.278 17.5 ± 11.4 0.020
  Advanced Stage 

(49)
36.6 ± 19.3 13.1 ± 12.7 7.6 ± 8.2 12.1 ± 9.1

Bone marrow infiltration (81)
  Absent (70) 36.1 ± 17.9 0.734 11.5 ± 10.8 0.066 8.5 ± 11.3 0.503 14.6 ± 10.8 0.799
  Present (11) 38.1 ± 17.3 18.3 ± 14.2 11 ± 9.9 13.7 ± 7.9

LDH (78)
  Normal (10) 43 ± 17.3 0.210 15.2 ± 15.5 0.455 10.2 ± 9.3 0.719 13 ± 7.8 0.555
  Elevated (68) 35.3 ± 17.8 12.2 ± 10.9 8.8 ± 11.6 15.1 ± 10.7

HIV status (83)
  Non-reactive (78) 36.7 ± 18.8 0.816 12.7 ± 11.9 0.719 9.1 ± 11.3 0.502 14.3 ± 10.1 0.906
  Reactive (05) 34.8 ± 8.8 10.8 ± 6.5 5.6 ± 4.5 13.8 ± 15.4

R-IPI prognostic groups (83)
  Good (56) 38.1 ± 17.6 0.323 12.9 ± 11.6 0.723 9.2 ± 11.5 0.678 15.1 ± 10.6 0.371
  Poor (27) 33.7 ± 19.8 11.9 ± 11.3 8.1 ± 10.1 12.8 ± 9.9

Immunophenotype (83)
  GCB (31) 39 ± 18.4 0.378 14.1 ± 11.6 0.369 12.1 ± 14.1 0.068 15.2 ± 9.2 0.538
  ABC (52) 35.2 ± 18.5 11.7 ± 11.4 6.9 ± 8.4 13.7 ± 11.1

Table 3  Association of CD3, CD8, FOXP3 and CD68 with end of treatment response

Variables CD3 [Mean ± SD] P value CD8 [Mean ± SD] P value FOXP3 [Mean ± SD] P value CD68 [Mean ± SD] P value

Response to treatment (53)
  Complete 

response 
(38)

39.3 ± 18.1 0.044 15.4 ± 11.7 0.041 10.5 ± 12.7 0.425 17.2 ± 10.3 0.157

  Less than 
complete 
response 
(15)

28.6 ± 13.8 8.5 ± 7.8 7.6 ± 8.6 12.7 ± 10.4

Table 4  Association of CD3 and CD8 groups on end of treatment response

CD3 and CD8 groups Frequency CR Less than CR Odds ratio (95% CI) P value

CD3 High CD3 expression (CD3 > 34.5%) 30 25 (66%) 05 (33%) 3.84 (1.08–13.63) p = 0.032
Low CD3 expression (CD3 < 34.5%) 23 13 (34%) 10 (67%)

CD8 High CD8 expression (CD8 > 6.5%) 37 31 (82%) 06 (40%) 6.64 (1.77–24.82) p = 0.003
Low CD8 expression (CD8 < 6.5%) 16 07 (18%) 09 (60%)
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treatment outcome, OS and PFS. This result was concordant 
with study by Hasselblom et al. where he stated that T-regs 
could have a minimal role in DLBCL when compared to CTL 
[21]. The disparities in the results between various studies can 
be explained by the fact that T-regs have diverse interaction 
in lymphomas apart from suppression of cytotoxic immune 
response, T-regs can also be directly cytotoxic to B-cells caus-
ing anti-tumor immunity in certain B-cell lymphomas.

The dissimilarity in the results published by various stud-
ies including our study can be explained by the heterogeneity 
in IHC staining protocols, varying clones of the antibody 
used, different methods used for assessment of these cells, 
selection of tumor areas for counting the cells and varia-
tion in sample size. Use of automated scoring platforms can 
improve the objectivity of the study and aid in providing 
high throughput results. In addition, evaluation of other 
markers in the tumor microenvironment can be performed 
to understand the biology of the tumor microenvironment 
and its complex interactions with the tumor cells. Eventu-
ally a composite prognostic system can be built by combin-
ing tumor characteristics and its microenvironment char-
acteristics, which can help in the development of therapy 
targeting the immune microenvironment. Therefore, large 
scale prospective studies with standardized protocols are 

recommended for identification of the role of the individual 
cells of the tumor microenvironment and its role in prognos-
tication of DLBCL.

Conclusion

Our study highlights the role of immune cells, especially 
CTLs and TAMs in the microenvironment in determining 
clinical outcomes of DLBCL. Our study suggests that higher 
number of T-cells, especially cytotoxic T-cells in the tumor 
microenvironment of DLBCL were associated with com-
plete response at the end of treatment. CD8 positive CTLs 
more than 6.5% proved to be an independent predictor of 
treatment outcome. In addition, higher number of CD68 
positive macrophages in the tumor microenvironment of 
DLBCL lymph node biopsies correlated significantly with 
better overall survival suggesting that macrophages play a 
vital role in anti-tumor immunity. R-IPI remains to be the 
best prognostic tool for risk assessment. Further prospec-
tive studies with larger patient numbers, a wider immune 
panel with multiplex IHC can help in a more comprehensive 
understanding of the complexity of tumor microenvironment 
in DLBCL.

Fig. 3  Kaplan meier curve for (A) Overall survival (OS) (p = 0.002) and (B) Progression free survival (PFS) (p = 0.010) of the nodal DLBCL 
patients according to R-IPI prognostic groups

Table 5  Association of tumor 
microenvironment with survival

Variables OS PFS

Hazard ratio(95% CI) p-value Hazard ratio (95% CI) p-value

CD3 positive T-cells 0.990 (0.966–1.015) 0.439 0.985 (0.963–1.008) 0.199
CD8 positive T-cells 1.000 (0.962–1.039) 0.998 0.986 (0.949–1.024) 0.465
FOXP3 positive T-cells 0.981 (0.937–1.028) 0.422 0.983 (0.945–1.022) 0.380
CD68 positive macrophages 0.945 (0.898–0.995) 0.032 0.960 (0.921–1.001) 0.058
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