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Introduction

Diffuse large B-cell lymphoma (DLBCL) accounts for 25 to 
30% of non-Hodgkin lymphoma (NHL) among adults in the 
west and as high as 60% of NHL in India.1 Although the sur-
vival of DLBCL patients has improved following the addition 
of rituximab to the conventional therapeutic agents, relapse 
or refractory disease occurs in a subset of patients. As the 
tumor does not show significant morphological variations, 
heterogenous biology most likely results in this varied out-
come.2 Numerous immunohistochemical (IHC) and molecu-
lar studies have been conducted on the tumor cells in order 
to find out this difference in behavior.3 Recently, the tumor 

microenvironment has gained importance, as it is suggested 
that the crosstalk between the tumor cells and the cells in the 
microenvironment plays a crucial role in the tumor biology 
by Lenz et al.4 CD68 is among the several markers for macro-
phages that form a component of stromal-1 signature.5 CD34 
stains the endothelial cells and highlights the angiogenesis, 
which is described as stromal-2 signature. It gives more spe-
cific staining than CD31.6

Materials and Methods
It is a retrospective study conducted at the Departments of 
Pathology and Medical Oncology.

Introduction Diffuse large B-cell lymphoma (DLBCL) accounts for 60% of lympho-
mas in India. Although the survival of DLBCL patients has improved following the 
addition of rituximab, a subset of patients do not respond well to therapy. Among the 
several factors responsible for this varied response, tumor microenvironment is con-
sidered to be crucial. This study is a search for such prognostic markers in the tumor 
microenvironment.
Materials and Methods A total of 97 patients were selected, of whom 34 were 
treated with the CHOP regimen and 63 with RCHOP. Immunohistochemistry for CD68 
was performed to study the stromal-1 signature and CD34 for stromal-2 signature.
Results There was a significant increase in the counts of CD68-positive cells among 
patients free of events. CD34 count was higher in patients with events in both CHOP 
and RCHOP groups.
Conclusion Additional assessment of stromal microenvironment along with the cell 
of origin might predict the clinical outcome better in DLBCL.
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A total of 97 patients diagnosed with DLBCL and treated 
with either RCHOP or CHOP at our institute during the 
period 2010 to2016 were selected. The clinical character-
istics of each patient were obtained from medical records. 
Pathological features were assessed from the retrieved his-
topathology slides. The tissue sections of each patient were 
obtained, and IHC was performed using antibodies (CD34-
clone-QBend/10, Biogenex, CD68 Clone-KP-1, and Dako, pre-
diluted). All the patients were followed up.

The patients were divided into two groups based on the 
treatment received: those treated without rituximab (CHOP) 
and those treated with rituximab (RCHOP). Of the 97patients, 
34 patients were treated with the CHOP regimen and 63 with 
RCHOP. The events that occurred in these patients in the form 
of relapse, recurrence, or death were recorded in both treat-
ment groups separately.

For CD34 analysis, a total of five 40× fields with high-
est density areas in the representative slide were selected. 
Photomicrographs of a known area (n × 1/0.26 is the area of 
one high power field [40×] in Zeiss microscope) were taken 
and analyzed. CD34-positive vessels/cells were counted using 
ImageJ analysis (Java-based image processing program devel-
oped at the National Institutes of Health and the Laboratory 
for Optical and Computational Instrumentation),7 and the 
mean was calculated and noted as the microvascular density 
(MVD) (►Fig. 1).

CD68-positive cells (macrophages) in a total of five fields 
were selected for analysis. Individual CD68-positive cells 
were counted using the same method at 400× magnification, 
and the mean was calculated (►Fig. 2).

All patients were followed up, and events, if present, were 
recorded from the electronic medical records.

Results
A male preponderance was seen in both groups. In the CHOP 
arm, 76.5% were males, and in RCHOP arm, 71.4% were males. 
Extranodal disease was seen in 47.1% of CHOP and 28.6% of 
RCHOP treated patients.

Among the patients treated with the CHOP regimen, 
events occurred in 12 out of 34 as relapse in 11 and death in 
1 (35.3%). Four patients had events (three relapses and one 
death) at less than 2 years, three had between 2 to 5 years, 
and five had after 5 years (►Fig. 3).

14 of the 63 patients treated with RCHOP had events (22.2%), 
as relapse in 7, at less than 2 years in 3, and between 2 and 
5 years in the remaining 4. Deaths of another 7 patients were 
recorded: five at less than 2 years and two after 5 years (►Fig. 4).

In the RCHOP group with events, the number of stromal 
cells stained by CD68 ranged from 26.9 to 258/mm2, with a 
mean of 101.5/mm2. In those without any events, the counts 
were between 115.9 and 410/mm2, with a mean of 302.1/mm2.

In patients with events, MVD was between 104.9 and 
342/mm2, with a mean of 154.7/mm2. In those who were 

free of events, it was between 3 and 203.7/mm2, with a 
mean of 45.2/mm2.

In the CHOP group, CD68 counts ranged from 80.6 to 
452.2/mm2. In those without events, counts between 80.6 
and 354.2/mm2 (mean: 233.3/mm2) were observed, and 
in those with events, counts between 19 and 452.2/mm2 
(mean: 211.3/mm2) were observed.

The CD34 counts in this group were in the range of 19.8 to 
623.2/mm2. The mean count in the patients with poor outcome 
was 349.2/mm2 (range: 228–623.2/mm2), whereas in those 
free of events, it was 56.6/mm2 (range: 19.8–121.6/mm2).

Discussion
Stromal-1 and stromal-2 signatures define the specific 
microenvironments contributed by the stromal cells in 
DLBCL.4 Tumor-associated macrophages (TAMs) are now 
proven to be present in the microenvironment of many 
hematological and nonhematological malignancies and 
are found to be associated with tumor progression, spread, 
and therapy resistance.8 TAMs are of different types. M1 
subtypes (CD68-KP1 clone positive) are described to play a 
variable role in tumor regulation. Macrophage infiltration 
interferes with the tumor-associated inflammation and 
causes regression of tumor.9 The stromal-1 signature as 
explained by Lenz et al is marked by genes such as MMP-9 
and SPARC, which are associated with extracellular matrix 
deposition such as fibronectin, osteonectin, various col-
lagens, laminin isoforms, and the antiangiogenic factor 
thrombospondin. These are also expressed in cells in the 
monocytic lineage. Thus, stromal-1 signature also signals 
a monocytic response in the microenvironment of lym-
phoma along with deposition of extracellular matrix.5

Fig. 1 Immunohistochemistry for CD34 highlighting microvessel 
density x20.
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The M2 subtypes are supposed to promote tumorigen-
esis by altering the inflammatory environment by produc-
ing active substances such as reactive oxygen that induce 
oncogenesis. They can also activate programmed cell death 
protein 1 (PD-1) and programmed cell death-ligand 1 (PD-
L1), thereby inhibiting inflammation and immunity and 
promoting tumor cell growth.10

We studied the surrogate IHC markers CD68 and CD34 for 
stromal-1 and stromal-2 signatures in DLBCL, respectively, and 
correlated it disease outcome. There was a significant increase 
in the counts of CD68-positive cells among patients free of 
events (Student’s t-test value: 5.4; p  0.00001) in the RCHOP 
group, with a mean count of 302.1/mm2.The median CD68 
count in a study by Ruan et al was 231/mm2, and they stated 
that the higher the CD68-positive cell counts, the better the 
prognosis.11 Though the count in the event-free CHOP group 
was also high in our series, it was not statistically significant.

Pham et al found that those on RCHOP therapy were found 
to have a better prognosis when the CD68-positive cells in 
microenvironment was high.8 Cai et al reported poor out-
comes associated with high CD68 count in CHOP-treated 
patients. The mechanism to be explored is the anti-CD20 
antibody induced cytotoxicity or phagocytosis in the pres-
ence of macrophages. It is proposed that rituximab switches 
the protumor M2-type macrophage to antitumor M1 type.12 
Others like Meyer et al. could not find any significant asso-
ciation of CD68 count with prognosis.13 This wide variation 
in observations may be due to the differences in the clone of 
the antibodies used, staining methods, and scoring systems, 
resulting in poor concordance.

The difference in the mean values of CD34-positive cell/
vessel counts (MVD) between these two groups (with and 
without events) was found to be statistically significant, 
with higher values in those with events, in both the CHOP 
and RCHOP arms (Student’s t-test < 0.05). The mean MVD 
in the RCHOP group with events was 154.7/mm2 and that in 

Fig. 2 Immunohistochemistry for CD68 along with the Image J analysis tool used for counting the positive cells.

Fig. 3 Survival curve of patients treated with CHOP regimen.

Fig. 4 Survival curve of patients treated with RCHOP regimen.
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the CHOP group was 349.2/mm.2 Median of CD34 was 37 in 
a study by Ruan et al.11 Our findings correlate with the study 
by Perry et al, who attempted to simulate the stromal-2 
signature by measuring MVD in DLBCL and found high MVD 
to be an unfavorable prognostic factor.14

The stromal-2 signature is expressed by genes regulating 
endothelial proliferation through vascular endothelial growth 
factor (VEGF) receptor, TEK (tyrosine kinase, endothelial), 
and ERG V-ets (erythroblastosis virus E26 oncogene homo-
log gene).15 For all tumors to grow and survive, vascularity is 
essential. This needs angiogenic factors such as VEGF and FGF 
(fibroblast growth factor), which are induced by several mech-
anisms in a tumor, including hypoxia, oncogene upregulation, 
and tumor suppressor gene inhibition. Wide array of mark-
ers were studied to mark the endothelial cells, such as CD31, 
CD34, and von Willebrand factor. The study by Gomez-Gelvez 
et al showed that CD34 is the best stain owing to its clean 
background, and positive staining cells/cell groups with or 
without lumen formation represent microvessels.2 Therefore, 
we too did CD34 staining and counting using image analysis. 
MVD is the measure used to assess the angiogenesis in tumors 
including lymphomas. Stromal-2 signature thus shows high 
tumor blood vessel density, indicating more tumor angiogene-
sis, tumor survival, and poorer patient outcome.

Several studies have been conducted to analyze the rea-
sons for heterogeneity in the behavior of DLBCL. Many risk 
stratification algorithms have been devised based on both 
tumor cell and their microenvironment characteristics so 
that appropriate first-line therapy can be delivered. The new 
paradigm shift in tumor biology suggests that the microenvi-
ronment of tumor plays a critical role in tumor immunology 
and growth by influencing the angiogenesis, and cell viability 
and motility, thus guiding the tumor spread and invasion.

Our study also emphasized the influence of tumor micro-
environment on the behavior of DLBCL. High CD68-positive 
M1-type macrophage infiltration in the tumor was found 
to be associated with event-free survival in patients treated 
with both RCHOP and CHOP, though it was not statistically 
significant in the CHOP group. Similarly, high CD34 count 
(MVD) was found to have a significant association with poor 
outcome in both CHOP- and RCHOP-treated patients. Thus 
CD68 and CD34 can be considered as surrogate markers for 
stromal-1 and stromal-2 signatures, respectively, which can 
predict the treatment outcome in DLBCL patients.

Conclusion
Based on our analysis, we suggest that an additional assess-
ment of stromal microenvironment along with the cell of 
origin might predict the clinical outcome better in DLBCL 
patients.
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