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Background: Diffuse large B-cell lymphomas not otherwise specified (DLBCL-NOS), is the
most common lymphoma subtype, which is further divided into germinal center B-cell (GBC),
activated B-cell (ABC), and unclassifiable. In Iraq, 1,010 deaths due to non-Hodgkin lymphoma
were reported in 2020.

Aim of the study: This study aims to assess the role of cell of origin (COO) of diffuse large B-
cell lymphoma as a predictor of response to frontline treatment.

Subjects and Methods: A cohort study was conducted on cases of Diffuse DLBCL-NOS at the
Baghdad National Center of Hematology at Baghdad Teaching Hospital, Medical City, Bagdad
from1% January 2021 to 1t September 2022. All cases received same treatment, and treatment
response was assessed at interim and end of treatment using Lugano classification.

Results: The study included 134 cases of DLBCL-NOS, of which 18.7% were GCB and 81.3%
were ABC type. GCB cases had higher rates of early-stage disease and lower International
Prognostic Index risk than ABC cases. The rate of complete response was higher in GCB cases
than ABC cases. Partial response or progressive disease were associated with ABC cases but
on further analysis we found that the International Prognostic Index (IPI) score was the only
predictor of complete response, and Lactate dehydrogenase level was the only predictor of
overall survival. COO did not affect progression-free survival or overall survival.
Conclusions: COO had no effect on response to treatment and had no survival benefits while
IP1 score was found to be a good predicter of complete response and survival.

Introduction

Lymphomas are neoplasms arising from lymphoid tissues and are
diagnosed from the pathological findings on biopsy. The majority are
of B-cell origin. Non-Hodgkin lymphomas (NHL) are classified as
low- or high-grade tumors based on their proliferation rate (1).
Annually, more than 150,000 new cases of Large B-cell lymphomas
diagnosed over the globe, which represents almost 30% of all cases of
NHL (2). In Iraqg, according to world health organization-international

agency for research on cancer, the total number of cases of NHL
diagnosed from 2015-2020 was 4,528 cases, with an estimated
prevalence 11.3 per 100,000 population. NHL ranked 6™ most lethal
cancer in Iraq (3).

In 2000, Alizadeh and colleagues utilized gene expression profiling
(GEP) to analyze 96 normal and DLBCL cells. They identified three
distinct genetic signatures that corresponded to three different
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subtypes of the disease, based on cell of origin (COO). These included
the germinal centre B-cell (GCB)-like subtype, which is similar to the
GEP of normal GCBs, the activated B-cell (ABC)-like subtype, which
is similar to normal ABCs, and an unclassifiable condition in the
remaining 10%-15% of samples. Despite initially being found by
GEP, that analysis has not been widely used in clinical practice due to
its high cost and the requirement for fresh frozen tissue. In clinical
practice, immunohistochemistry (IHC) algorithms, such as the Hans
and Tally methods, are employed to determine COO, but their
agreement with GEP might vary (4).

Several studies have demonstrated that patients with the ABC
disease subtype experience considerably worse results when treated
with typical upfront rituximab-containing combination therapy
compared to those with GCB illness. The prognostic impact of COO
in relapsed illness is yet uncertain. The Bio-CORAL trial indicated
that patients with GCB DLBCL who received R-DHAP treatment had
a higher 3-year progression-free survival (PFS) rate compared to those
who received R-ICE treatment (5). Er aimed in this study to define the
role of COO of diffuse large B-cell lymphoma as a predictor of
response to frontline treatment

Subjects and Methods

The present study was conducted at the Baghdad National Center
of Hematology at Baghdad Teaching Hospital, Medical City,
Baghdad during a period from 1% January 2021 to 1% September 2022.
The study included all adult cases of DLBCL not otherwise specified
diagnosed. Other subtypes of large B cell lymphoma, low grade
lymphoma transformed to DLBCL, patients lost from follow up, and
treatment other than R-CHOP were excluded.

A questionnaire was designed to collect the following data: patient
age, past medical, surgical, and drug histories, symptoms at
presentation (B symptoms, lymphadenopathy, organomegaly,
bleeding tendency, and mediastinal mass), and determination of
eastern cooperative oncology group (ECOG) score. Blood
investigations were done including: complete blood count, serum
albumin, blood urea, serum creatinine, serum lactate dehydrogenase
(LDH), erythrocyte sedimentation rate, and serum uric acid. All
biochemical tests were performed by Automated analyzer (Architect
plus c4000, cobas ¢ 311) at Baghdad Teaching Hospital. Imaging
studies (either CT or PET-CT) for the staging, estimation of the
number of the involved extra nodal sites were also done as well as
application of Ann Arbor staging system. All cases had undergone
bone marrow aspirate and biopsy. The biopsy sample was sent for
histopathological ~ study requesting both morphology and
immunohistochemistry. All the patients received R-CHOP (i.e.,
rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisone) (6) immunochemotherapy according to the stage (stage I,
and IlA received three to four cycles with or without radiotherapy
while stage 11B, 11, and IV received six cycles.

The assessment of the treatment response was done at interim and
end of treatment. The response assessment included CT/PET-CT
Lugano classification into four groups: complete, partial, stable, and
progressive, according to the reduction or disappearance of disease
from involved area (in case where CT scan was used), and Deauville
score (in case where PET-CT was used). Death during the study due

to the disease effect was considered as part of treatment failure. Cases
were followed at least yearly to estimate the rate of recurrence.

During immunohistochemistry study, five microns sections were
obtained from formalin fixed-paraffin embedded tissue blocks and
mounted on PathnSitu and Leica positively charged slides. For
immunohistochemical staining evaluation, the slides were examined
at 400x magnification for all patients. The lymphoma cases were
classified into 2 groups based on COO, according to Hans et al into
GCB or ABC. Cases were assigned to the GCB group in case that
CD10 and/or BCL6 were positive with absence of MUM1/IRF4
expression. On the other hand, the lymphoma cases were classified as
the ABC subgroup, when the nuclear staining for MUM1/IRF4
coincident with lack of CD10 &/or BCL6 expression by the same
lymphoma cells. All slides were examined by expert histopathologist
at Medical City Complex, Teaching Laboratories.
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Figure 1: An example of DLBCL-GCB histology with
immunohistochemistry, that showed positive staining for both CD10
and CD20.
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Definitions:

The Eastern Cooperative Oncology Group (ECOG) performance
status, Grading 0-5, as published in American Journal of. Clinical
Oncology was used to assess the performance status of the patients
(7.

B symptoms: They are characterized by the presence of each of
the subsequent elements: rapid and significant reduction in body
weight exceeding 10% within the 6 months leading up to the initial
assessment, without a clear cause; unexplained, chronic, or recurring
fever with temperatures over 38 °C in the past month; episodes of
profuse nocturnal sweats that have occurred repeatedly during the past
month (8).

International Prognostic Index Score (IPI) : It was used to stratify
the risk groups of the patients and calculated according to the
prognostic factors of aggressive lymphoma that include age, Ann
Arbor, lactate dehydrogenase, ECOG Performance Score and number
of extra-nodal areas involved and accordingly, patients were classified
into low, low intermediate, high-intermediate, and high-risk group (8).

Complete response (CR): The PET-CT scan was evaluated using a
5-domains scale, each domain scores either 1, 2, or 3. The presence or
absence of a residual mass was also considered. A score of 1 indicates
no uptake above the background, a score of 2 indicates uptake equal
to or less than the mediastinum, and a score of 3 indicates uptake
higher than the mediastinum but equal to or less than the liver. A score
of 4 indicates uptake greater than the liver, and a score of 5 indicates
uptake significantly higher than the liver. Alternatively, on the CT
scan, the target nodes or nodal masses should regress to a size of 1.5
cm or smaller in their longest diameter (9).

Partial response (PR): It was represented by PET-CT score 4 or 5
with reduced uptake compared with baseline and residual mass(es) of
any size. OR On CT >50% decrease in size of the nodes and extra-
nodal sites (9).

Progressive disease: The PET-CT score of 4 or 5 indicates an
elevated level of uptake compared to the initial scan, together with the
presence of additional areas of high FDG activity that are indicative
of lymphoma. This assessment can be done either throughout the
course of treatment or at the end of it. Alternatively, during a CT scan,
a node or lesion was considered abnormal if its longest diameter was
greater than 1.5 cm and if there was an increase in either the longest
diameter or the short diameter by 0.5 cm for lesions that are 2 cm or
smaller, or by 1.0 cm for lesions that are larger than 2 cm.

In cases of splenomegaly, the length of the spleen must expand by
more than 50% compared to its previous increase from the baseline
measurement. If there is no preexisting splenomegaly, the spleen must
increase in size by at least 2 cm from its initial measurement.
Enlargement of the spleen, whether it is a new occurrence or has
happened before. An assessable disease, regardless of its size, that can
be clearly attributed to lymphoma and/or the bone marrow showing
fresh or recurring involvement. These parameters were used to
determine the progression instances in the recruited patients in this
study (9).

No response or stable disease: It is defined by having a score of 4 or
5 without any noticeable change in FDG uptake from the initial
measurement during interim or end of treatment, as determined by
PET scan. Additionally, there should be a decrease of less than 50%
in measurable nodes and extra-nodal sites compared to the baseline.
The criteria for progressive disease should not be met in target
nodes/nodal masses or extr- nodal lesions. Furthermore, there should
be no increase in organ enlargement that indicates disease
progression, and no new lesions should appear (10).

The duration of follow-up for each patient was determined from the
time of diagnosis until the interim evaluation, completion of
treatment, and conclusion of the study. If a complete remission

occurred, the follow-up period spanned from the time of diagnosis
until the completion of the research, encompassing the duration of the
remission. The follow-up period was determined from the time of
diagnosis to the assessment at the midcourse evaluation and at the
completion of therapy, considering progression, partial remission, and
stable disease. The duration of follow-up in relapse cases ranged from
the time of diagnosis to the date of confirmed relapse (10).

Prior to data collection, explicit agreement was sought from each
patient in a formal manner, and the information gathered was kept
anonymous. Names were substituted with identifying codes. All data
was securely stored in a password-protected laptop and solely utilized
for research purposes while maintaining strict confidentiality.

Study approval was obtained from the Council of Iraqi Board of
Medical Specialization. Furthermore, the Scientific Committee at
Baghdad National Centre of Haematology at Baghdad Teaching
Hospital, Medical City granted approval.

Statistical analysis: All data were introduced into Microsoft Excel
16 and statistical analysis was conducted using IBM-SPSS (USA
Chicago). Data were presented in the form of counts, percentage,
mean, standard deviation (SD), minimum (Min) and maximum (Max)
and presented in the form of tables, charts, or graphs. Testing of the
level of significance of the categorical data was conducted using Chi
square or Fisher exact test while continuous variables were tested
using student t test or Mann Whitney u test whenever it was
appropriate. Logistic regression analysis was used to examine the
multivariate analysis for estimation of predictors of CR. Survival
analysis was done using Kaplin-Mier analysis, while comparison of
the groups of immunohistochemistry (IHC) regarding survival was
done by using Log rank analysis. The predictors of survival were
examined using Cox hazard regression analysis. Statistical
significance was set at P value <0.05.

Results

The study included 134 cases, and of them 25 cases (18.7%) were
shown by immunohistochemistry GCB, while 109 cases (81.3%) were
shown by immunohistochemistry non- GCB.

Regarding the comparison of patient characteristics according to
immunohistochemistry, there was no statistically significant
difference in age group at presentation and gender of the participants.
Cases of GCB had higher rates of early-stage disease than ABC which
was presented in more advanced stages. This association was
statistically significant.

Cases of GCB were found to be associated with lower IPI risk than
ABC group. This association was statistically significant.

The presence of a mediastinal mass has no statistically significant
association with either of the two groups. The B symptoms were not
different according to the immunohistochemistry. The mean LDH
level was also not different regarding immunohistochemistry. Further
details are illustrated in Table 1.

The response to treatment was statistically different between the two

groups and the rate of complete response was higher in cases of GCB
than ABC while non-CR was associated with ABC
immunohistochemistry. Mortality was not different between the two
groups, as shown in Table 1.
To estimate the predictors of complete response, we applied binary
logistic regression analysis which showed that the single independent
predictor of complete response was the IPI score rather than COO or
other factors, as shown in Table 2.
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Table 1: Characteristics of the subtypes.

Variables GCB ABC P
No % No. % value
Age group <60 years 15 60.0 62 569 0.77
>60 years 10 400 47 431 6
Gender Male 17 68.0 65 59.6 0.43
Female 8 32.0 44 404 9
Stage Early stage 7 28.0 8 73 0.00
Advanced stage 18 720 101 927 3
IPI Low 11 440 19 17.4  0.03
Low-intermediate 6 24.0 37 33.9 9
High- 5 20.0 36 330
intermediate
High 3 12.0 17 15.6
Mediastinal Yes 1 4.0 11 10.1  0.33
mass No 24 96.0 98 89.9 6
B symptoms  Yes 24 96.0 101 927 054
No 1 4.0 8 73 7
LDH Mean £SD 409.9 476.9 0.21
+200.4 +369.4 5
Response CR 19 76.0 52 47.7 0.01
% % 1
Non-CR 6 24.0 57 52.3
% %
Death Yes 5 20.0 23 21.1  0.90
% % 3
No 20 80.0 86 789
% %

* ABC: Activated B-cell; CR: Complete response; GCB: Germinal
center B-cell; IPI: International Prognostic Index Score; LDH: Lactate
dehydrogenase.

Table 2: Multivariate analysis of factors that affect complete
response.

Variables CR (n=71) Non-CR P
(n=63) value
No. % No. %
Age <60 years 42 59.2 35 55.6  0.091
group >60 years 29 40.8 28 44.4
COO GCB 19 26.8 6 95 0.140
ABC 52 73.2 57 90.5
Stage Early stage 15 211 0 0.00  0.999
Advanced 56 78.9 63 100
stage
IPI Low 28 39.4 2 3.2 0.007
Low- 23 324 20 317
intermediate
High- 12 16.9 29 46
intermediate
High 8 11.3 12 19
B Yes 62 87.3 63 100 N/A
sympto No 9 12.7 0 0
ms
LDH Mean +SD 3776 1765 562.1 4485 0.252
6 7 4 7

* ABC: Activated B-cell; COO: Cell of origin; CR: Complete
response; GCB: Germinal center B-cell; IPI: International Prognostic
Index Score; LDH: Lactate dehydrogenase; N/A: Not applicable.

Survival analysis showed that the COO had no effect on either
progression-free survival (PFS) or overall survival (OS). The mean
PFS in months in cases of GCB was 11.6+1.5 months while the mean
PFS was 9 +0.7 months in ABC cases. The
mean overall survival rate of cases of GCB was 15.9+1.5 months,
while it was 17+0.7 months in ABC cases, as shown in Table 3, Figure
2, and Figure 3.

Table 3: Survival analysis in the cases studied.

Progression free survival in months

COO Mean zSD  95% ClI Min Max P value
GCB 11.6 £1.5 8.7-14.6 4 20 0.108
ABC 9.0 +0.7 7.7-10.3 2 21

Overall survival in months
GCB 15.9+15 12.9-18.8 4 20 0.885
ABC 17.0+0.7 15.5-18.4 2 21

* ABC: Activated B-cell; CI: Confidence interval, COO: Cell of
origin; GCB: Germinal center B-cell.

P value=0.108

Progression free survival
By log rank

04 ' ~

Cumulative Survival
(=]
n
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Figure 1: Progression free survival using Kaplan-Meier analysis.
* ABC: Activated B-cell; GCB: Germinal center B-cell.
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Figure 2: Overall survival using Kaplan-Meier analysis.
* ABC: Activated B-cell; GCB: Germinal center B-cell.

For estimation of predictors of the survival, we applied univariate and
multivariate (cox regression analysis) analysis and found that the
single independent predictor of progression-free survival was IPI and
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the single independent predictor of overall survival was LDH level, as
shown in Table 4 and Table 5, respectively.

Table 4: Predictors of progression-free survival by univariate and
multivariate analysis.

we investigated the role of COO (that is diagnosed by
immunohistochemistry) on patient survival and outcome and
compared the presentations of these subtypes.

Table 5: Predictors of overall survival by univariate and multivariate

analysis.
Predictors Survi  Death P value
ved
No. No. Univar  Multivar
(%) (%) iate iate
Age Mean +SD 5222 5521  0.363 0.603
+159 153
8 6
COO0 GCB 19 6 0.751 0.516
(18.1) (20.7)
ABC 86 23
(81.9) (79.3)
Stage Early stage 13 2 0.407 0.581
(12.4) (6.9)
Advanced 92 27
stage (87.6) (93.1)
IPI Low 25 5 0.412 0.998
(23.8) (17.2)
Low- 36 8
intermediate  (34.3) (27.6)
High- 31 9 (31)
intermediate  (29.5)
High 13 7
(12.4) (24.1)
LDH Mean +SD 4116 6553  0.029 0.008
7 1
+232.  +561.
45 42
B Yes 96 29 N/A N/A
sympto (91.4)  (100)
m No 9(8.6) 0(0)

Predictors Survi Non- P value
ved  survival*
No. No. (%) Univar Multiva
(%) iate riate
Age Mean +SD 52.65 52.98 0.913 0.077
+16.5 +15.53
9
COO GCB 11 14 (15.9) 0.259 0.825
(23.9)
ABC 35  74(84.1)
(76.1)
Stage Early stage 11 4 (4.5) 0.001 0.930
(23.9)
Advanced 35 84 (95.5)
stage (76.1)
IPI Low 22 8(9.1) <0.00  0.007
(47.8) 01
Low- 13 31 (35.2)
intermediat  (28.3)
e
High- 7 33 (37.5)
intermediat  (15.2)
e
High 4 16 (18.2)
(8.7)
LDH Mean +SD 330.7 534.27 <0.00 0.235
2 +396.11 01
+140.
75
B Yes 44 81(92) 0428  0.884
sympto (95.7)
ms No 2 7(8)
(4.3)

* Progressive disease or death.

** ABC: Activated B-cell; CR: Complete response; COO: Cell of
origin; GCB: Germinal center B-cell; IPI: International Prognostic
Index Score; IHC: Immune histochemistry; LDH: Lactate
dehydrogenase.

Discussion

Diffuse large B-cell lymphoma (DLBCL) is a neoplasm of medium-
large B lymphoid cells with diffused growth patterns. Although it is a
potentially curable disease, around 40% of the cases are either
refractory to primary treatment or relapse. Based on gene expression
profiling (GEP), DLBCL can be classified as germinal center B-cell
subtype (GCB) and activated B-cell subtype (ABC). About 10%—-15%
of cases do not convincingly fall into either of the two subtypes and
hence remain unclassified. Most widely used and suggested by WHO
is Hans’s algorithm comprising immunohistochemical markers CD10,
B-cell lymphoma6 (BCL6), and IRF4/MUMI, which classifies
CD10+ and CDI10-/BCL6+/MUMI1-DLBCL as GCB, while
CD10-/BCL6+/MUMI1 + and BCL6-DLBCL as non-GCB (11). There
are conflicting results regarding the significance of COO in the
response to frontline treatment, and effect on survival. In this study,

* ABC: Activated B-cell; CR: Complete response; COO: Cell of
origin; GCB: Germinal center B-cell; IPI: International Prognostic
Index Score; IHC: Immune histochemistry; LDH: Lactate
dehydrogenase.

The study included 134 participants, 18.7% of participants were
diagnosed as being GCB, and the remaining 81.3% were ABC. The
age of presentation was 57.5% among those over the age of 60 years.
Nair et al (12) found that rate of cases presented with age older than
65 years was 28.45%. Johnson et al (13) found that the number of
cases of DLBCL among those older than 70 years was increasing, and
this would put the patients at increased risk according to age as older
patients had inferior survival and increased risk of drug toxicity with
decreased performance status and multiple comorbidities.

In the present study, the gender of the patients was 61.2% males and
38.2% females. Keloth Kavya et al (14) found the male involvement
to be 60% and females 40%. The stage at presentation in our study
was mainly stage IV (54.5%), Rodrigues-Fernandes et al (15) found
in their systematic review on DLBCL-NOS that the presentation was
mainly late with aggressive nature of disease.

The intermediate risk (based on IPI score) was the most frequent
finding at time of presentation in the current study. Most cases
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(93.3%) had B symptoms at presentation. The mean LDH at time of
presentation was 464.4 +344.6 U/L.

The COO showed no difference in regard to age of presentation in
our study. A similar result was found by Desai et al (16) and Wawire
et al (17). There was no difference in regard to gender according to
COO. A similar finding was reported by Desai et al (16) and Wawire
etal (17).

The stage of presentation was different according to COO, as 92.7%
of cases of ABC presented with advance stage. Kerian et al (18) found
a similar result. While Desai et al (16) found that 74.9% of the cases
of DLBCL had advanced stage, while no difference in regard to COO.
This contradiction to the current study probably happened as Desai et
al(9 they included cases of unknown COO (IHC not done) in their
analysis.

The IPI score was different between the two studied groups. Cases
of ABC had higher IPI score than cases of GCB. Bettelli et al (19)
reported similar results. Desai et al (16) found that IPI had no
significant association with COO. This difference probably happened
due to the inclusion of cases of unknown COO (IHC not done) in the
analysis.

The presence of mediastinal mass was not different according to
COO. This correlation was poorly investigated in the literature.

The presence of B symptoms was not different according to COO.
Similar results were found by Abdulla et al (20) while Bettelli et al
(19) found that ABC cases had higher rate of B symptoms. This
probably happened due to the high number of cases of B symptoms in
the current study, with only nine cases without B symptoms which
increases the probability of type II error.

The mean LDH level was not different according to COO. Similar
results found by Abdulla et al 920) and Desai et al (19).

Regarding achieving CR, GCB cases showed a higher rate of CR
when compared with ABC cases. But after applying multivariate
analysis, we found that complete response was not dependent on the
COO. In fact, IPI was the single independent predictor of complete
response. Similarly, Gogia et al (21), Chowdhury et al (22), and
Kerian et al (18) found that COO had no effect on CR rate. However,
Tyagi et al (23) found a significant association of GCB with increased
CR rate. This result was noticed on univariate analysis found in the
current study but the application of multivariate analysis (regression
analysis) had lessen the effect of COO on CR rate. Such analysis was
not done by Tyagi et al (23) who found a significant association of IPI
with CR rate. This observation supports our findings on multivariate
analysis. Warnnissorn et al (24) found that IPI score is a reliable
predictor of CR in DLBCL cases.

Regarding survival analysis, COO showed no difference in either
disease free survival or overall survival. Lee et al (25) found in their
study that including cases of DLBCL and dividing according to both
Hans algorithm and Lymph2Cx into cases of GCB and cases of ABC
and after five years follow-up showed no difference in the survival.

Further analysis of factors that affect survival using multivariate
analysis (cox regression analysis) showed that the single independent
predictor of PFS was IPI score with no effect from the COO. The
overall survival on the other hand was dependent on LDH level only,
with no effect from the COO. Nair et al (12) found no effect of COO
on the three years event free survival; however, they found that IPI is

a good predictor of survival at three years of follow-up. Desai et al
(16) and Gogia et al (21) also found no significant difference in two
years and three years overall survival, respectively depending on
COO. Bettelli et al (19) found that IPI is an independent predictor of
survival, and not COO. Abdulla et al (20) found that ABC cases by
Hans algorithm were not different from cases of GCB in regard
overall survival. However, on doing Lymph2Cx, they found that ABC
cases had significantly lower survival than GCB. The progression free
survival was significantly lower in ABC cases by both Hans algorithm
and Lymph2Cx, than GCB cases. This difference may be attributed to
multiple factors. First, the use of Lymph2Cx which had a superior
detection rate of ABC cases than Hans’s algorithm. This was
supported by Cho et al (26) who found no difference in survival
according to Has algorithm, but inferior survival of ABC according to
Lymph2Cx. Second, the multivariate analysis in their study included
neither LDH level nor IPI score which was found to be cofounders in
our study and their elimination resulted in a non-significant
association of COO with survival. Furthermore, their study had a
larger sample size (n=351) and longer follow-up period (five years).

Conclusion

COO exhibited no effect on response to treatment and had no
survival benefits. The IPI score was found to be a good

predicter of complete response and survival.
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