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The aim of study was to summarize recent developments in laboratory
work-up of lymphomas and discuss their clinical relevance. Diagnosis
of lymphoma requires tissue biopsy with adequate work-up by pathol-
ogists. Recent developments in laboratory testing have raised the bar
for establishing the diagnosis: more and more testing seems to be re-
quired, while the lines between research and clinical practice are being
blurred. Academic medical practice is designed to push boundaries
and test new hypotheses, which eventually result in improved patient
care. Ability to (relatively) cheaply screen for multiple genomic abnor-
malities using new technologies is luring. Often, however, no change
in patient management is pursued based on these results. It is there-
fore useful to review which testing is truly necessary from the patient’s
point of view. Conclusions. The laboratory work-up of lymphomas in
a regular clinical practice requires relatively few tests. Many new tests
have prognostic value, but do not necessarily contribute to the patient
management.

Introduction

Malignant lymphomas are neoplasms of ma-
ture lymphocytes, involving lymph nodes
as well other hematopoietic (bone marrow,
spleen) and non-hematopoietic tissues (gas-
trointestinal tract, skin, etc.). In the United
States, lymphomas account for approxi-
mately 4-5% of all new cases of malignant
diseases. About 90% of all lymphomas are of
B-cell lineage.

The new WHO classification of lymphoid
malignancies continued in the steps of pre-
vious versions by keeping the multifactorial
approach in disease definition (1). Clinical
features are represented by aggressiveness in
presentation and localization. Morphologic
findings include cell size and shape, pres-
ence and distribution of nucleoli, quality

and quantity of cytoplasm, and the pattern
of growth. Immunophenotype of the cells is
critical in assigning lineage and differentia-
tion pattern, linking the malignant cells to
their normal counterparts. Cytogenetic find-
ings are sometimes used as disease-defining
events, in cases of the recurrent transloca-
tions (involving MYC, CYCLIN D1, or BCL2
loci, for example), in the right clinical and
morphologic context. Finally, detection of
molecular abnormalities includes clonality
assays for immunoglobulin or T-cell recep-
tor gene rearrangements, and a plethora of
novel point mutations. The newly described
mutations are most commonly discussed as
prognostic variables, with very few of them
approaching the level of disease-defining
events (MYD88 L265P for lymphoplasma-

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.

45



46

Acta Medica Academica 2019;48(1):45-56

cytic lymphoma; BRAF V600E for hairy cell
leukemia).

When ordering laboratory test, such
as gene mutation profile for lymphoma, it
is important to keep in mind the ultimate
purpose, whether it is to confirm/establish
a diagnosis, identify a prognostically impor-
tant marker, or to guide decision on therapy
choice and duration. It is also necessary to
be clear whether the testing is done in the
routine clinical practice, well-controlled
clinical trial environment, or as a purely
research endeavor. In reality, these differ-
ent scenarios are often intermingled, which
leads to a lot of unnecessary testing, result-
ing in increased burden for the laboratory
operations and increased health care costs.

In this review, we will assess the current
knowledge and utility of laboratory testing
in the most common B-cell lymphomas.

Chronic Lymphocytic Leukemia/
Small Lymphocytic Lymphoma

Chronic lymphocytic leukemia/small lym-
phocytic lymphoma (CLL/SLL) is the most
common B-cell lymphoproliferative disor-
der, accounting for almost 20% of all NHL
cases (2). Most cases are diagnostically
straightforward: high lymphocyte count in
the peripheral blood (need >5x10° clonal
B-cells/L for the diagnosis of CLL), typical
morphology with small lymphocyte size
and “checkered” chromatin, and typical
immunophenotype showing dim CD20 ex-
pression and co-expression of CD5, CD23,
and CD200. Because of its high prevalence,
and the ease of obtaining the specimen from
peripheral blood, CLL/SLL is probably the
most studied hematologic disease. There is
an “overabundance” of prognostic markers
available. For example, serum LDH, beta2-
microglobulin, thymidine kinase, vitamin
D, circulating CD26, BAFF, and vitamin
D are all predictive of the behavior of the
disease (3-5). In particular, LDH level, as a

correlate to the cell turnover, is predictive
of Richter’s transformation (6). Similarly,
looking at malignant cell morphology and
phenotype, there are numerous variables of
poor prognosis, including CD38 expression
in 230% of cells, ZAP70 expression in > 20-
30% of cells, CD49d expression in >30-45%
of cells, and high proliferative rate measured
by DNA staining or mitotic activity (7, 8).
RNA-based assays can also be employed in
prognostication of CLL/SLL. For example
RNA levels of ZAP70 and CD38 correlate
with expression of these markers and poor
prognosis. In addition, gene expression pro-
filing can identify microRNA expression
signatures which are associated with more
aggressive disease course (9). Detection of
chromosomal abnormalities is a mainstay
of prognostic factor determination in CLL/
SLL, with del(17p), del(11q), trisomy 12 and
complex karyotype (=3 clonal abnormali-
ties) typically associated with poor outcome
(10, 11). Single gene sequencing assays are
employed to determine the level of somatic
hypermutation (IgVH; >2% difference from
the germline is associated with better prog-
nosis) (12), to “stereotype” immunoglobulin
gene into prognostic subsets (13), and to as-
sess the presence of TP53 inactivating muta-
tions (14-16). In addition, recently a num-
ber of additional genes with prognostic sig-
nificance have been identified. For example,
mutations in NOTCHI1 are associated with
a more aggressive clinical course, includ-
ing higher likelihood of Richter’s transfor-
mation and diminished responsiveness to
rituximab (17). SF3B1 and BIRC3 mutations
are similarly associated with a more aggres-
sive disease (18).

As the number of potential prognostic
factors for CLL/SLL is ever-increasing, it
is important to try to integrate them into
an actionable model for patients requiring
treatment (19). A number of models have
been proposed throughout the years, start-
ing with Binet and Rai staging schemes from
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1970s. The most recent prognostic models
include staging information, clinical and
laboratory findings, and a limited number
of variables. International Prognostic Index
(CLL-IPI) was developed by the Interna-
tional CLL Working Group in 2016 (4). It
includes patient age, Rai/Binet stage, beta2-
microglobulin level, IgVH status, and 17p/
TP53 abnormalities. In fact, the prognostic
model is weighed, so that 17p/TP53 abnor-
malities contribute the most to the overall
prognostic score, see Tables 1 and 2.

Table 1. CLL-IPI Score Sheet (4)

Parameter Points
FISH 17p- or TP53 mutation 4
IGVH unmutated 2
Beta-2-microglobulin >3.5mg/dL 2

Rai stage I-IV/Binet B-C 1

Age >60 years 1
Total max 10

CLL-IPI=Chronic lymphocytic leukemia - International Prog-
nostic Index; FISH=Fluorescent in-situ hybridization; TP53;
IGVH=Immunoglobulin heavy chain variable region.

Table 2. Treatment-Free Survival in CLL/SLL by CLL-
IPI Score.

Points Risk category Treatment (%)"
0-1 Minimal 78

2-3 Low 54

4-6 Intermediate 32

7-10 High 0

CLL/SLL= Chronic lymphocytic leukemia/small lymphocytic lym-
phoma; CLL-IPI=Chronic lymphocytic leukemia - International
Prognostic Index; 5 year treatment - free survival, Mayo Clinic,
Rochester, unpublished data.

Based on this score, patients are stratified
into the prognostic subgroups with clear dif-
ference in survival. While the mutation pro-
filing is useful in research and clinical study
settings, at this point it appears that for a reg-
ular clinical practice parameters covered in
CLL-IPI would suffice for the management
of patients requiring treatment, to select the
most appropriate treatment combination.

From pathology work-up perspective, that
would limit the evaluation of CLL/SLL cells
to IgVH, FISH for 17p deletion, and TP53
mutation analysis.

Patients who have undergone treatment,
and are in remission by standard techniques
(CT scan-negative, blood lymphocytes
<4000/microL, bone marrow lymphocytes
<30%) could undergo minimal residual dis-
ease (MRD) testing by flow cytometry im-
munophenotyping or molecular analysis
(PCR, next generation sequencing) (19).
The detection of the MRD is associated with
shorter progression-free and overall sur-
vival. Patients in clinical trials are regularly
tested for the presence of MRD. Outside
clinical trials MRD testing is sporadic and
should be restricted to potentially curative
treatments.

Follicular Lymphoma

Follicular lymphoma (FL) is a neoplasm
of follicle center (germinal center) B-cells,
which accounts for about 20% of all lym-
phomas (20). Pathologic evaluation of FL
is relatively straight forward and consists
of establishing (I) neoplastic nature of the
lymphocytes and (II) their follicular origin.
A simple hematoxylin/eosin stain is often
enough to establish both of these, when a
lymph node is completely effaced by uni-
form population of follicles without polarity.
However, immunostains are very helpful for
evaluation of less obvious cases, particularly
needle biopsy specimens. BCL2 expression
on germinal center cells (defined by CD10
and/or BCL6) is diagnostic of follicular lym-
phoma. In addition, BCL2 staining is nec-
essary for the detection of in-situ follicular
neoplasia. Overexpression of BCL2 is a re-
sult of a IGH/BCL2 translocation t(14;18)
(932;q21); however FISH for this abnormal-
ity is rarely needed in general clinical prac-
tice if adequate evaluation by immunohisto-
chemistry is done.
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Prognostically, the most important fac-
tors are grade (1/2 vs. 3A vs. 3B; established
by counting the number of centroblasts per
high power field) and clinical stage, usually
defined by FLIPI scores. FLIPI (Follicular
Lymphoma International Prognostic In-
dex) and FLIPI2 scores integrate several
clinical and laboratory parameters, includ-
ing age, LDH level, size of the largest lymph
node, bone marrow involvement, and he-
moglobin level (21, 22). Therefore, routine
work-up of follicular lymphomas does not
require sophisticated molecular or cytoge-
netic testing. The two exceptions are cases
of pediatric-type follicular lymphoma and
large B cell lymphoma with IRF4 rearrange-
ment which may have follicular architec-
ture. Pediatric-type FL is usually found in
children and young adults, in the head and
neck region (23). These tumors show high
grade morphology (FL grade 3A or 3B) and
high proliferation rate but lack BCL2 stain-
ing and by definition do not have rearrange-
ments of BCL2, BCL6 or IRF4 loci by FISH.
On the other hand, they often have deletion
of 1p36 region or mutations in TNFRSF14
gene (24). Large B-cell lymphoma with IRF4
rearrangement has a similar epidemiology
and localization to pediatric-type follicular
lymphoma, and, as its name suggests, is de-
fined by the translocations involving IRF4
locus, most commonly juxtaposed to IGH
locus (25). Both pediatric type FL and large
B-cell lymphoma with IRF4 rearrangement
are relatively indolent diseases, the former
rarely requiring systemic therapy. If there
is a high level of suspicion for one of these
2 types of follicular lymphomas (young pa-
tient, high grade follicular morphology), it
is prudent to perform FISH for BCL2, BCL6
and IRF4 rearrangements.

There are numerous studies showing a
potential for different gene mutations to
be helpful in the prognosis of FL, includ-
ing m7-FLIPI panel, and p53 mutations (26,
27). However, usefulness of these tests is not

yet widely accepted, and more studies are
needed before they can be recommended for
a routine clinical practice.

Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) is an aggres-
sive neoplasm of small mature B-cells, char-
acterized by CCNDI1/IGH translocation
and the resulting cyclin D1 overexpression
(28). The diagnosis of a typical mantle cell
lymphoma is usually straight forward: the
involved lymph node is effaced by a monot-
onous infiltrate of small lymphocytes with
hyperchromatic irregular nuclei. The typical
phenotype of MCL is CD20" CD5*CD23-
CD200'. This phenotype can be overlapping
with that of CLL/SLL, as well as marginal
zone lymphoma or lymphoplasmacytic lym-
phoma. Therefore it is necessary to prove ei-
ther CCND1/IGH translocation, or uniform
nuclear expression of cyclin D1, but usually
there is no need to do both. It is, however,
necessary to correlate the morphology and
FISH findings with the immunophenotype,
as cyclin D1 can frequently be seen over-
expressed in plasma cell neoplasms (with
CCND1/IGH translocation) and hairy cell
leukemia (without CCND1/IGH transloca-
tion). Lymph nodes with preserved follicu-
lar architecture may contain in-situ mantle
cell neoplasia, which is a rare indolent disor-
der that can be recognized only when stain-
ing slides for cyclin D1.

Similar to CLL/SLL and FL, prognosis
of MCL is guided by staging. Mantle cell
lymphoma international prognostic index
(MIPI) is based on patient age, ECOG per-
formance status, LDH level and the WBC
count in the peripheral blood (29). From pa-
thology perspective, there are three impor-
tant parameters to consider. First, it is nec-
essary to assess morphology to determine
if there is a pleomorphic or blastic appear-
ance of the cells, both of which are associ-
ated with a more aggressive disease. Second,
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expression of SOX11 should be evaluated.
Classical, nodal-based MCL is positive for
SOX11, and in rare cases of cyclin D1-nega-
tive MCL, SOX11 is a key diagnostic marker
(30, 31). In contrast, SOX11-negative man-
tle cell lymphoma is typically an indolent
disease, involving peripheral blood, bone
marrow and spleen, and sparing the lymph
nodes (32-34). Finally, it is important to as-
sess proliferative activity, by Ki67 immu-
nostain, since there is a correlation between
proliferative activity and poor prognosis.
For simplification, a cutoff of 30% has been
validated as a useful addition to MIPI score
(35), but other cutoffs have also been used.
Overexpression of TP53 is also associated
with a more aggressive disease (36). There
is a potential value of additional cytogenetic
and molecular testing in MCL, mostly to de-
termine predictors of poor prognosis, such
as 9p and 17p deletions. In addition, TP53
mutations are also predictive of aggressive
clinical course, and even the indolent form
of MCL may turn into a very aggressive dis-
ease if TP53 mutations are acquired. Other
potential genes of interest include CCND1
and BIRC3. Mutations in these 2 genes have
been associated with ibrutinib resistance
(37, 38), though it is still unclear whether
finding these mutations requires a different
clinical approach.

Lymphoplasmacytic Lymphoma

Lymphoplasmacytic lymphoma (LPL) is a
neoplasm of small lymphocytes, plasmacy-
toid lymphocytes and mature plasma cells,
all derived from a single B-cell clone (39).
It usually affects bone marrow, and often
spleen and lymph nodes as well. Most cases
are associated with increased IgM produc-
tion, leading to the clinical syndrome of
Waldenstrom macroglobulinemia (WM).
The distinction between LPL and marginal
zone lymphoma (MZL) with plasmacytic
differentiation is somewhat arbitrary as no

definitive morphologic, immunophenotyp-
ic or genetic markers are present. Recently
identified mutation in the adaptor protein
MYDS88 (L.265P) is found in >90% of LPL cas-
es, but can also be seen in cases of MZL and
DLBCL (particularly of immunoprivileged
sites) (40). Therefore, molecular testing for
this mutation is helpful, but the positive result
has to be interpreted in the context of the mor-
phologic findings. Presence of MYD88 L265P
mutation is associated with a good response
to ibrutinib therapy; however about 30% of
LPL also contains CXCR4 mutations which
confer resistance to ibrutinib (41). LPL is usu-
ally an indolent disease, treated based on the
disease stage and other significant pathologic
findings to determine prognosis or therapy
are established. In fact, the most important
part of the pathologic evaluation is to exclude
multiple myeloma (MM) from the differential
diagnosis, as the treatment approach is com-
pletely different between MM and LPL. Plas-
ma cells in LPL are usually positive for CD19
and CD45 and negative for CD56 and cyclin
D1, in contrast to plasma cells in MM. In
addition, MYD88 L265P mutation has not
been identified in MM.

Multiple Myeloma

Multiple myeloma (MM, plasma cell my-
eloma) is a neoplasm of mature plasma cells
(210%) involving the bone marrow, and
is usually associated with the presence of
monoclonal (M) protein in the serum and
urine. The diagnostic criteria for the ac-
tive MM have been updated recently (42),
to include so-called biomarkers of malig-
nancy (=60% clonal plasma cells in the bone
marrow, free light chain ration of >100 and
>1 focal lesion on MRI); any one of these
features, as well as previously recognized
“CRAB” findings, excludes the possibility
of smoldering multiple myeloma (SMM)
and warrants treatment. The quantification
of plasma cells is crucial in establishing the
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diagnosis of MM. This is best done by mor-
phology (on the aspirate slide), and/or by
immunohistochemical stain for CD138 or
MUM (on the biopsy slide). Flow cytom-
etry is not a reliable method of quantifying
plasma cells in the diagnostic specimen for
MM. Plasma cells are usually underestimat-
ed by flow cytometry immunophenotyping,
as they tend to be associated with the lipid
phase of the bone marrow aspirate, which
gets lost during the staining and washing
steps in sample preparation. On the other
hand, flow cytometry is an excellent method
for evaluating the phenotype: plasma cells
in multiple myeloma are cytoplasmic light
chain restricted (or rarely negative), usually
dim for CD38, negative for CD19 and CD45,
and often positive for CD56 and CD117.

Prognostically, MM is stratified into a high
risk and standard risk disease. The criteria for
high risk include presence of t(4;14), t(14;16),
t(14;20), del(17p), add(1p) and TP53 muta-
tions. In addition, high stage disease, high risk
gene expression profiling signature and high
plasma cell proliferative rate are also risk fac-
tors which fulfill criteria for the high risk MM
(43). In practice, very few institutions employ
all of the prognostic markers, but FISH studies
remain essential. Numerous point mutations
have been found in multiple genes in MM
samples (44). The usefulness of gene mutation
screens is not yet well established, and they are
mostly utilized in relapsed/refractory disease
for which innovative treatment options are
explored. The exception may be detection of
biallelic TP53 mutations/17p deletions, which
are associated with a particularly aggressive
disease (45, 46).

Similarly to CLL/SLL, MM patients who
have undergone therapy and are in complete
remission may benefit from performing
MRD study on the bone marrow aspirate,
by flow cytometry or molecular techniques
(47). MRD status is a strong predictor of
survival, but at this point it is not used to
guide treatment adjustment.

Diffuse Large B-Cell Lymphoma and
Aggressive B-Cell Neoplasms

Diffuse large B-cell lymphoma (DLBCL) is
a neoplasm of medium-to-large B-cells with
a diffuse growth pattern. The size of nuclei
has to be at least the same or larger than size
of macrophage nuclei, or twice the size of the
nuclei of small lymphocytes (48). DLBCL
accounts for about 30% of all non-Hodgkin
lymphomas, and it is considered an interme-
diate grade disorder, which requires treat-
ment. Historically, the term DLBCL has been
an all-encompassing “waste-basket” for any
B-neoplasm with large cells. Over time, more
specific entities have differentiated into sepa-
rate diseases. For example, the latest WHO
classification recognizes following separate
entities: large B-cell lymphoma with IRF4
rearrangement, T-cell/histiocyte-rich large
B-cell lymphoma, primary DLBCL of the
CNS, primary cutaneous DLBCL, leg type,
EBV-positive DLBCL, NOS, DLBCL associ-
ated with chronic inflammation, lymphoma-
toid granulomatosis grade 3, primary me-
diastinal (thymic) large B-cell lymphoma,
intravascular large B-cell lymphoma, ALK-
positive large B-cell lymphoma, HHVS8-
positive DLBCL, plasmablastic lymphoma,
and primary effusion lymphoma (1). The
remaining cases fulfilling diagnostic criteria
for DLBCL are designated as DLBCL, not
otherwise specified (NOS).

As with other lymphomas, the prognosis
of DLBCL is primarily determined by clini-
cal features and staging studies. Biologically,
based on cell of origin/postulated normal
counterpart, DLBCL cases can be divided
into two groups: germinal center B cell type
(GCB) and activated B-cell/post-germinal
center type (ABC). The two groups differ in
their gene expression patterns, chromosom-
al abnormalities, recurrent mutations, and,
to a certain extent, prognosis and therapy
response. WHO classification of lymphoid
neoplasms requires subtyping of DLBCL,
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NOS at diagnosis, by cell of origin. Original-
ly, the cell of origin grouping was achieved
by gene expression profiling (GEP) (49, 50).
This was followed by development of multi-
ple immunohistochemical algorithms which
were able to match GEP classification in the
majority of cases. The most commonly used
is Hans algorithm (51), which requires stain-
ing of DLBCL cases with CD10, MUM1 and
BCL6. CD10 and BCL6 staining indicate
GBC type; MUMI1 staining is associated
with ABC type; the order of importance is
CD10>MUMI1>BCL6; 30% staining is used
as a cutoff. Although immunohistochemical
staining for cell of origin lacks in reproduc-
ibility and accuracy, it is now widely used
to classify DLBCL cases. Recently, the GEP
platform for cell of origin classification has
become commercially available (52), but the
cost and logistics still prevent it from wide-
spread use. Other important prognostic
markers used in pathology workup of DLB-
CL include staining for CD5 (positive stain-
ing associated with a more aggressive disease
(53)), BCL2, MYC (MYC and BCL2-double
expressors have worse prognosis (54)), and,
possibly, EBV (EBV positivity removes the
case from DLBCL, NOS to EBV-positive
DLBCL, with worse prognosis in older pa-
tients, and better in younger patients; thera-
peutic options may also differ based on the
immunosuppression context). Numerous
single gene mutations have been identified
in DLBCL. Many of them are associated
with ABC phenotype and constitutive acti-
vation of B-cell receptor and NF«B signaling
pathway (55). While there is a potential use
of the mutation panels in determining prog-
nosis, their therapeutic value awaits results
from ongoing clinical trials.

Burkitt lymphoma (BL) is an aggressive
neoplasm of medium-size mature B-lym-
phocytes with blastic-appearing chromatin
(56). It mainly affects children and young
adults. Endemic BL is EBV-driven and lim-
ited to equatorial Africa and Papua New

Guinea. Sporadic BL is distributed world-
wide, including Europe and USA, and is rel-
atively rare (1-2% of all lymphomas). Immu-
nophenotype of BL is fairly typical: the cells
have a mature B-phenotype (CD20-positive,
light chain-restricted, TdT-negative), show
germinal center B-cell differentiation (CD10
and BCL6-positive), and are also CD43-pos-
itive and BCL2-negative. A hallmark of BL is
the presence of MYC rearrangements, usu-
ally in the form of MYC/IGH translocation
t(14;18)(q24;q32). A relatively small fraction
of BL cases don't have MYC rearrangement
by available techniques. Some of these cases
likely have unusual breakpoints, not detect-
able by common FISH probes. Rare cases of
BL have aberrations of 11q region instead
(57). BL is a potentially curable disease with
aggressive chemotherapy.

High grade B-cell lymphoma (HGBCL)
with MYC and BCL2 and/or BCL6 abnor-
malities is a relatively new term designating
an aggressive lymphoma occurring mostly
in the elderly people (58). In the past 20
years there has been an increasing recogni-
tion of a subgroup of aggressive B-cell lym-
phomas which do not satisfy strict criteria
for DLBCL of BL. It was subsequently dis-
covered that many of these cases have two
or even three major genetic events that are
driving their behavior. Invariably, these neo-
plasms have MYC rearrangement, which
can be paired with BCL2 and/or BCL6 re-
arrangement (“double or triple-hit lym-
phoma”). The behavior of these neoplasms
is significantly more aggressive than that of
DLBCL, and R-CHOP therapy is associated
with short survival (59, 60). More aggres-
sive therapeutic approaches are being tested
in clinical trials. Importantly, the morphol-
ogy of HGBCL with MYC and BCL2 and/
or BCL6 rearrangement can be blastoid/
Burkitt-like, large cell/ DLBCL-like, or fall
somewhere in between the two. Therefore,
any case of DLBCL may contain these ab-
normalities, although having a germinal
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(I

Figure 1. A Simplified Algorithm for the Work-Up of DLBCL and HGBCL.

center phenotype increases their likelihood.
As a result of these findings, it is practically
impossible to diagnose DLBCL without ex-
cluding the possibility of a “double or triple-
hit lymphoma” by FISH. An example of a
rational approach to the pathology workup
of DLBCL and high grade B-cell lymphomas
is shown in Figure 1.

Conclusion

Application of new technologies has been
exponentially increasing our knowledge
of genetics and pathology of lymphomas.
Clinical utility for many of these findings is
lagging behind for several reasons. First and
foremost, the rationale for ordering a test

in a routine clinical practice has to be that
the result will change the clinical approach
(choice of therapy, frequency of follow-up).
With still limited therapeutic options, the
benefit for the patients from undergoing ad-
vanced genetic testing is questionable. In ad-
dition, there are limited resources available.
Even large academic centers, which have
testing infrastructure on-site, struggle to of-
fer advanced genetic testing due to the fact
that the reimbursement by insurance com-
panies is, at best, inconsistent. This review
summarizes the rational approach to pathol-
ogy workup of most common lymphoid ma-
lignancies, in a routine clinical practice. In
Table 3, we listed commonly used ancillary
testing in lymphoid neoplasms. As the field
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Table 3. Commonly Used Immunophenotypic, Cytogenetic, and Molecular Tests in a Non-Clinical Trial Setting

Disease type |Immunophenotyping Fish studies Molecular studies
CLL/SLL Typical phenotype: Del(17p) IgVH, TP53
Positive for CD20 (dim), CD5, CD23, CD200,
Negative for CD10
FL - Rearrangements of -
BCL2, BCL6, and MUM1"
MCL Cyclin D1, SOX11 Ki67, TP53 t(11;14)t TP53
LPL = = MYD88 L265P mutation
MM Typical phenotype: t(4;14), t(14;16), t(14;20),
Positive for CD138, CD38, CD56, CD117, del(17p), add(1p)
Negative for CD19, CD45
DLBCL CD10%, MUM1#, BCL6% BCL2, MYC Rearrangements of MYC,  Cell-of-origin stratification by
BCL6, and BCL2 GEP
HGBCL TdT (to exclude lymphoblastic ymphoma)  Rearrangements of MYC, -

BCL6, BCL2; aberrations
of 11p§

CLL/SLL=Chronic lymphocytic leukemia/Small lymphocytic

lymphoma;

FL=Follicular lymphoma;

MCL=Mantle cell lymphoma;

LPL=lymphoplasmacytic lymphoma; MM=Multiple myeloma; DLBCL=Diffuse large B-cell lymphoma; HGBCL=High grade B-cell lymphoma;
IgVH=Immunoglobulin heavy chain hypermutation; GEP=Gene expression profiling. ‘If pediatric-type FL is in differential diagnosis; tNot neces-
sary if cyclin D1 strongly positive by immunohistochemistry; *If cell-of-origin stratification by GEP is not available; §If MYC-negative BL is under

consideration.

evolves, new tests and panels will be devel-
oped, with better prognostic and therapeutic
values. Increasingly, pharmaceutical compa-
nies and clinician-initiated clinical trials are
trying to target a subset of patients based
on the results of genetic testing. Whether
the results of these clinical trials will rapidly
change general clinical practice remains to
be seen.
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