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~— ABSTRACT B

Background. Non-Hodgkin lymphoma (NHL) represents a diverse group of lymphoid tissue cancers,
predominantly arising from B-cells, T-cells, or natural killer cells. The accurate diagnosis of NHL subtypes
is crucial, given their varying clinical behavior and treatment responses. This study focuses on the application
of immunohistochemistry (IHC) in diagnosing and classifying NHL, comparing its efficacy to traditional
hematoxylin and eosin (H&E) staining methods.

Methods. Conducted at Al-Sadr Teaching Hospital, Basrah, this cross-sectional study involved 48 newly
diagnosed NHL cases in 2015. Patients were initially examined using H&E-stained sections from lymph
nodes and extranodal tissue biopsies. IHC staining, employing a range of primary antibodies, was then used
to confirm diagnoses and subtype NHL cases.

Results. The study revealed a predominance of diffuse large B-cell lymphoma (DLBCL) at 50%. Other
subtypes that were identified included mantle cell lymphoma, Burkitt lymphoma, lymphoblastic lymphoma,
MALToma, peripheral T-cell lymphoma, and follicular lymphoma. The IHC method proved critical in
identifying specific NHL subtypes, which were not detectable by H&E staining alone, such as mantle cell
lymphomas and peripheral T-cell lymphomas. The study highlighted discrepancies with regional studies,
emphasizing variations due to sample size and regional factors.

Conclusion. Immunohistochemical staining is an indispensable tool for accurately diagnosing and
classifying NHL, complementing H&E staining. This study underscores the need for a comprehensive
diagnostic approach, including a panel of antibodies, to optimize the diagnostic process and ensure accurate
treatment planning.
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INTRODUCTION

Lymphoma, a complex form of cancer that arises in
the lymphatic system, primarily affects lymphocytes, a
type of white blood cell pivotal in the immune response
[1]. Broadly classified into Hodgkin lymphoma (HL) and
non-Hodgkin lymphoma (NHL), lymphomas are distin-
guished by unique clinical, pathological, and epidemio-
logical features. While both types involve similar lym-

phoid tissues, their behavior, treatment responses, and
outcomes significantly differ [2]. Lymphoma's complex-
ity lies in its varied manifestations, ranging from indo-
lent to highly aggressive forms, each requiring a distinct
therapeutic approach [2].

Non-Hodgkin lymphoma encompasses a heteroge-
neous group of lymphoid tissue cancers that show
greater diversity in presentation and prognosis com-
pared to HL [2]. NHL represents about 90% of all lym-
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phomas, characterized by an array of different types
arising from either B-cells, T-cells, or natural killer (NK)
cells. Epidemiologically, NHL's incidence varies globally
[3]. In the United States, it accounts for a significant
portion of lymphoma cases, predominantly of the B-cell
type [2]. Similarly, in the Kingdom of Saudi Arabia, NHL
was one of the most common cancers in 2008, notably
among men. This variance in incidence rates and demo-
graphic profiles underlines the need for in-depth re-
gional research and targeted healthcare strategies [4].

The classification of NHL has evolved markedly over
time. Initially guided by the Rappaport system in the
1960s [5], it transitioned to the more refined Kiel classi-
fication [6], the Revised European-American Classifica-
tion of Lymphoid Neoplasms (REAL) [7], and eventually
to the World Health Organization (WHO) classifications
[8]. These evolving classification systems reflect a deep-
er understanding of NHL's complex biology, incorporat-
ing morphological, immunological, and genetic charac-
teristics for a more accurate diagnosis and classification.

NHL is further categorized into various subtypes,
each with unique characteristics. Among the most com-
mon are Diffuse Large B-cell lymphoma (DLBCL), Folli-
cular Lymphoma, Mantle Cell Lymphoma, and Burkitt
Lymphoma. These subtypes are identified based on
their distinct cellular origin, genetic alterations, and
clinical behavior, which significantly influence their
treatment and prognosis [9].

Accurate diagnosis of NHL often necessitates biopsy
methods, which involve tissue sampling for microscopic
examination. The primary types include excisional or
incisional biopsy, where either the entire lymph node
(excisional) or a portion of a large mass (incisional) is
removed [10]. Another less invasive method is Fine
Needle Aspiration Cytology (FNAC), which is cost-effec-
tive and less traumatic for patients [11]. These biopsy
techniques provide essential tissue samples for histo-
pathological examination, crucial for diagnosing and
classifying NHL.

Immunohistochemistry (IHC) plays a pivotal role in
the diagnosis and classification of NHL. This technique
involves using specific antibodies to detect antigens in
cells of a tissue section, thereby providing crucial in-
sights into the type and nature of lymphoma [12]. His-
torically, IHC evolved from the 1930s, with significant
advancements enhancing its diagnostic capabilities
[13]. It employs a variety of antibodies to identify spe-
cific antigens, enabling pathologists to differentiate be-
tween lymphoma subtypes and other similar diseases
[14].

IHC is crucial in determining the lymphoma’s cell of
origin and its molecular characteristics, which are piv-
otal for accurate classification and treatment planning.
For instance, in B-cell lymphomas, antibodies against
CD20 or CD79a are commonly used, while T-cell lym-
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phomas are typically tested for CD3 or CD5 markers.
The staining patterns observed through IHC provide a
more precise diagnosis than traditional histopathologi-
cal methods alone, offering invaluable information for
tailoring patient treatment strategies [14].

Immunohistochemistry (IHC) is pivotal in pathology
and research, particularly for diagnosing and differenti-
ating diseases like lymphomas, leukemias, and carcino-
mas. Its applications extend to identifying malignant
neoplasias' origins and researching disease prognostics
[15]. This study harnesses IHC's potential to accurately
diagnose and subtype non-Hodgkin lymphomas (NHLs)
following the latest WHO classification. A key aim is to
evaluate the effectiveness of IHC staining against tradi-
tional hematoxylin and eosin methods, highlighting
IHC's role in refining diagnostic accuracy and informing
NHL treatment strategies.

PATIENTS AND METHODS

This cross-sectional study was executed in the pa-
thology laboratory at Al-Sadr Teaching Hospital in Bas-
rah over the course of 2015, specifically from January
1st to December 31st. It involved forty-eight newly di-
agnosed cases of non-Hodgkin lymphoma (NHL), se-
lected based on their initial histopathological examina-
tion. These examinations utilized conventional
hematoxylin and eosin-stained sections from lymph
nodes and extranodal tissue biopsies. The materials
employed for the preparation of paraffin-embedded
tissue sections included 10% paraformaldehyde, a wa-
ter bath, graded alcohol, xylene, paraffin wax, a mi-
crotome, and other standard laboratory instruments
like forceps, staining holders, glass slides, and cover
slides.

For the immunohistochemistry (IHC) aspect, a range
of primary antibodies were utilized, targeting markers
such as CD3, CD4, CD5, CD8, CD10, CD19, CD20, and
others, to confirm diagnoses and subtype the NHL cas-
es. The IHC process encompassed several stages: tissue
biopsies were fixed, processed, and embedded in par-
affin wax, followed by sectioning at 3-5 um thickness
and staining with hematoxylin and eosin. The IHC stain-
ing protocol included meticulous steps such as depa-
raffinization, rehydration, antigen activation, endoge-
nous peroxidase blocking, incubation with primary and
secondary antibodies, and detection using Diamin-
obenzidine (DAB). This process was complemented by
counterstaining, dehydration, and slide mounting. The
interpretation of the IHC slides was crucial, where the
expression of markers was identified as nuclear, cyto-
plasmic, or membranous. The presence of proteins was
indicated by a brown color due to DAB, while absence
was shown in blue due to hematoxylin counterstaining.



RESULTS

Table 1 displays the age and sex distribution of pa-
tients, revealing a predominance of male patients
(62.5%) across all age groups. Notably, the incidence of
patients increases with age, peaking in the >60 years
group (31.2%). Younger age groups (10-20 and 21-30
years) show the lowest patient counts (4.2% each). A
significant gender disparity is observed in the >60 and
<10 years groups, suggesting potential gender-specific
factors influencing the condition.

TABLE 1. Age and sex distribution of the patients

Age groups Sex Total
(vears) Male Female
<10 4 (8.3%) 3 (6.3%) 7 (14.6%)
10-20 2 (4.2%) 0 (0.0%) 2 (4.2%)
21-30 0 (0.0%) 2 (4.2%) 2 (4.2%)
31-40 3(6.3%) 1 (2%) 4 (8.3%)
41-50 5 (10.4%) 2 (4.2%) 7 (14.6%)
51-60 6 (12.5%) 5 (10.4%) 11 (22.9%)
>60 10 (20.8%) 5 (10.4%) 15 (31.2%)
Total 30 (62.5%) 18 (37.5%) 48 (100%)

Table 2 presents the distribution of Non-Hodgkin
Lymphoma (NHL) across various sites. Nodal involve-
ment accounts for 48% of cases, while extranodal sites
constitute 52%. The most common extranodal sites are
the duodenum and skin (10.4% each), followed by the
stomach and tonsils (8.3% each). Less frequent sites in-
clude the spleen, ovary(s), bone marrow, spine, cecum,
and a popliteal mass (2.08% each). This data under-
scores the diverse nature of NHL, affecting both nodal
and various extranodal sites, highlighting the need for a
comprehensive diagnostic approach in NHL patients.

Table 3 reveals key immunophenotypic characteris-
tics across lymphoma types. Diffuse large B-cell lym-
phomas were universally positive for CD45(LCA) and

14.6%

B MALToma

H DLBCL

® Lymphoblastic lymphoma

M Burkitt lymphoma

M Peripheral T cell lymphoma
Small lymphocytic lymphoma
MCL

m Follicular lymphoma

8.3%

FIGURE 1. Morphological classification of NHLs based on H&E stains
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TABLE 2. Distribution of NHL according to sites

Site Number Percentage %
Nodal 23 48
Extra nodal (n=25, 52%)
Duodenum 5 10.4
Skin 5 10.4
Stomach 4 8.3
Tonsil(s) 4 8.3
Spleen 2 4.2
Ovary(s) 1 2.08
Bone marrow 1 2.08
Spine 1 2.08
Cecum 1 2.08
Popliteal mass 1 2.08
Total 48 100

CD20, negative for CD4, CD8, CD30, and cyclin D1. Man-
tle cell ymphomas consistently expressed CD19, CD20,
CD79a, with variable CD5 and BCL2, and a mix of cyclin
D1 results. Burkitt lymphomas showed uniform positiv-
ity for CD10, CD20, CD79a, and Ki67, with some cases
expressing CD5, CD19, and BCL6. Lymphoblastic lym-
phomas (B-cell type) were positive for TdT, CD19, CD20,
CD79a, BCL2, but negative for CD3, CD4, CD5, CDS8, and
CD23. MALToma cases all expressed CD20, CD79a,
BCL2, without CD3, CD4, CD5, CD8, CD10, and BCL6. Pe-
ripheral T-cell ymphoma displayed CD3, CD4, CD8 pos-
itivity, and lacked CD10, CD19, CD20, CD79a, and TdT.
Follicular lymphomas mostly expressed CD19, CD20,
CD79a, BCL2, BCL6, with some variability in CD5 and
CD10. The single case of small lymphocytic lymphoma
showed positivity for CD5, CD20, CD79a, and negativity
for several other markers.

The pie chart in Figure 1 illustrates the morphologi-
cal classification of Non-Hodgkin Lymphoma (NHL) cas-
es based on Hematoxylin and Eosin (H&E) staining. The
largest segment represents NHL-unclassified type,

4.2% 6.3%
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TABLE 3. Classification of NHL according to the positivity and negativity to immunohistochemical stains

CYCLYNDI1
BCL2
BCL6
CD3
CD4
CD5
CD8
CD10
CD20
CD19
CD23
CD30
CD34
CD45
CD68
CD79a
CD138
CK
KI67
ALK

Burkitt Lymphoblastic MALToma Follicular Pe:zl;:elral | er:::::l tic
DLBCL (50%) | MCL (14.6%) | lymphoma lymphoma (6.3%) lymphoma lymphoma Ymp hor\\/1a
(10.4%) (8.3%) 37 (4.2%) ymp ymp

(4.2%) (2.0%)

EMA

MUM1
TdT

- Positive in all cases
- Negative in all cases

* Follicular lymphoma
NHL- diffuse predominantly
large cell type
® Burkitt lymphoma
® Anaplastic large cell lymphoma
B NHL-unclassifiable
| Mycosis fungoides
# NHL versus Hairy cell leukemia
® NHL versus carcinoma
NHL versus Merckle cell

carcinoma
NHL versus CLL

FIGURE 2. Inmunophenotyping of NHLs based on IHC stains4
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I:I Positive in some cases
I:I Marker not done

12.5%

6.2%

64.5%



which constitutes a significant majority at 64.5%. The
second most prevalent classification is NHL-diffuse pre-
dominantly large cell type at 12.5%. Other classifica-
tions such as Anaplastic large cell lymphoma, Mycosis
fungoides, NHL versus Hairy cell leukemia, NHL versus
carcinoma, NHL versus Merkel cell carcinoma, NHL ver-
sus Chronic Lymphocytic Leukemia (CLL), and Burkitt
lymphoma each account for smaller fractions ranging
from 2.1% to 6.2%. The diversity in the morphological
subtypes emphasizes the heterogeneity of NHL.

Figure 2 illustrates the distribution of Non-Hodgkin
Lymphoma (NHL) subtypes based on IHC staining. Dif-
fuse large B-cell ymphoma (DLBCL) is the predominant
subtype, accounting for 50% of the cases.

Mantle cell ymphoma (MCL) follows at 14.6%, with
other subtypes like Follicular lymphoma and Small lym-
phocytic lymphoma making up smaller proportions.

DISCUSSION

In this study, the most common type of non-Hodg-
kin lymphomas identified was the diverse group, repre-
senting 66.6% of the cases. This was more frequent
than intermediate grade (12.5%), high grade (8.3%),
and low grade (4.2%) non-Hodgkin lymphomas. These
results differ from those of Isikdogan et al. (2004), who
reported that intermediate grade non-Hodgkin lym-
phoma was the most common at 69.8%, followed by
low grade (14.4%) and high grade (8.7%), with 6.7%
classified as miscellaneous [16]. Castella et al. (2001)
found in the United Arab Emirates that intermediate
grade non-Hodgkin lymphomas comprised 59%, high
grade 34%, and low grade 7% [17].

Despite the expertise of pathologists and the use of
well-prepared hematoxylin and eosin-stained sections,
the morphological classification of non-Hodgkin lym-
phoma is often inadequate. This results in many cases
being labeled as miscellaneous or undetermined, un-
derscoring the importance of incorporating immuno-
histochemistry for more accurate diagnoses, which is
crucial for patient treatment plans.

The purpose of this research was to underscore the
significance of immunohistochemistry in diagnosing
and classifying non-Hodgkin lymphomas. Once a mor-
phological diagnosis is established, antigen expression
is analyzed through monoclonal antibodies, a critical
step in current diagnostic and classification processes
for non-Hodgkin lymphoma. This study compared diag-
noses from hematoxylin and eosin-stained sections
with those from immunohistochemical stained sec-
tions.

Immunohistochemical staining was conducted on
all 48 cases in the study, revealing that 95.8% showed
B-cell differentiation and 4.2% were T-cell differentia-
tion. This aligns with Al-Allawi et al. (2011), who found
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a similar distribution of B-cell and T-cell types in
non-Hodgkin lymphoma in northern Iraq [18]. Notably,
diffuse large B-cell ymphoma (DLBCL) was identified as
the most frequent type (50%), corroborating findings
from Al-Allawi et al. and other studies from the United
Arab Emirates and Egypt [17,19].

Through immunohistochemistry, two cases initially
diagnosed as carcinoma were reclassified as DLBCL. Ad-
ditionally, 22 cases previously deemed unclassifiable or
of other types were also identified as DLBCL.

Mantle cell ymphomas, not detectable by hematox-
ylin and eosin staining alone, were identified in 14.6%
of cases using immunohistochemical stains. This differs
from percentages reported in southern Iran [20] and
Western Europe [21]. These mantle cell lymphomas
tested positive for specific markers and negative for
others, with cyclin D1 positive in five cases, highlighting
its strong expression in mantle cell lymphomas, a fea-
ture not typical in other B-type non-Hodgkin lympho-
mas [22].

Burkitt lymphoma was identified in 10.4% of cases,
aligning with reports from northern Iraq (18) and the
United Arab Emirates [17]. However, lymphoblastic
lymphoma, which constituted 4.8% in Al-Allawi et al.'s
study, represented 8.3% in this research, all identified
through immunohistochemical analysis [18].

MALTomas were identified in 6.3% of cases, periph-
eral T-cell lymphoma in 4.2%, and follicular lymphoma
in another 4.2%. These findings show variations when
compared with other regional studies, likely due to dif-
ferences in sample size and regional factors.

In this study, immunohistochemical analysis led to
the diagnosis of peripheral T-cell lymphoma in two in-
stances (4.2%). Initially, these cases were identified as
unspecified non-Hodgkin lymphoma and mycosis fun-
goides through morphological examination. The inci-
dence of peripheral T-cell ymphoma noted by Al-Allawi
et al. (2011) in northern Iraq was a lower 1.5% [18],
while Castella et al. (2001) recorded it as 2% in the Unit-
ed Arab Emirates [17]. In contrast, Chen et al. (2010)
reported a higher prevalence, with peripheral T-cell
lymphomas accounting for 10.6% of non-Hodgkin lym-
phomas in Taiwan [23]. Such discrepancies may arise
from differences in sample size, genetics, and environ-
mental influences.

In our study, follicular lymphoma was identified in
two cases (4.2%), both morphologically and subse-
guently confirmed via immunohistochemistry. Compar-
atively, Al-Allawi et al. (2011) reported follicular lym-
phoma constituting 2.9% of non-Hodgkin lymphomas
in northern Iraq [18], whereas Ameen et al. (2010) ob-
served a higher proportion of 15.5% in Kuwaiti Arabs
[24]. These variations could be attributed to the differ-
ences in sample sizes.

Furthermore, the study identified one case (2% of
the total) as small lymphocytic lymphoma through im-
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munohistochemical analysis. This contrasts with the
findings of Al-Allawi et al. (2011), who noted that small
lymphocytic lymphoma made up 5.9% of non-Hodgkin

lymphomas in northern Iraq [18].

CONCLUSION

tary information. The initial differential diagnosis guides
marker selection, optimizing the diagnostic process in
terms of time and resources. However, the potential for

errors in immunophenotyping necessitates cautious in-
terpretation, and since no marker is uniquely indicative
of lymphoma, a panel of antibodies is used to accurate-
ly determine antigen expression.

Non-Hodgkin lymphoma diagnosis primarily hinges
on hematoxylin and eosin-stained sections, with immu-
nohistochemical staining providing crucial supplemen-
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