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Diffuse large B-cell ymphoma—who should we FISH?

Deborah M. Stephens’, Sonali M. Smith’

'Division of Hematology and Hematologic Malignancies, University of Utah, Salt Lake City, UT, USA; *Section of Hematology/Oncology,

University of Chicago, Chicago, IL, USA

Contributions: (I) Conception and design: All authors; (I) Administrative support: None; (III) Provision of study materials or patients: None; (IV)

Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (VII) Final approval of

manuscript: All authors.

Correspondence to: Sonali M. Smith, MD. Elwood V. Jensen Professor of Medicine, Section of Hematology/Oncology, Director, Lymphoma Program,
The University of Chicago, 5841 South Maryland Avenue MC2115, Chicago, IL 60637, USA. Email: smsmith@medicine.bsd.uchicago.edu.

Abstract: The poor prognosis and adverse outcomes following standard chemoimmunotherapy for patients
with high-grade B-cell lymphomas harboring rearrangements of MYC and BCL2 and/or BCL6 (HGBL-DH/
TH) is now well-established, with less than 20% estimated long term survival following standard therapies.
Fortunately, the frequency of HGBL-DH/TH in unselected aggressive B-cell lymphomas is relatively
uncommon and estimated at 10% of all cases. These double- and/or triple-hit lymphomas are often, but not
universally, associated with a clinically aggressive presentation, high-grade morphologic features, or increased
protein expression of the corresponding genes. However, a substantial number of patients have no clear
indicators of underlying DH/TH. The paradox of an exceedingly poor prognosis coupled with a relatively
uncommon frequency raises the practical challenge of determining which patient warrants FISH testing
and is an area of substantial controversy and emerging data. The clinical consequence of missing HGBL-
DH/TH is dire, as these patients are likely undertreated by standard chemoimmunotherapy (RCHOP).
However, in a cost-conscious era, routine and widespread testing for biologic determinants of outcome may
not be appropriate, and a critical appraisal of predictors is warranted. This review will discuss the clinical
implications of these rearrangements in aggressive B-cell lymphomas and the potential clinical, pathologic,
or biologic predictors of underlying HGBL-DH/TH biology.
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Introduction: why is it important to diagnose
high-grade B-cell lymphomas harboring
rearrangements of MYC and BCL2 and/or BCL6
(HGBL-DH/TH)?

Aggressive B-cell lymphomas, including diffuse large
B-cell lymphoma (DLBCL), comprise the most
commonly diagnosed non-Hodgkin lymphomas in the
Western world and are potentially curable with standard

chemoimmunotherapy treatments in up to two-thirds
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of patients. However, there is increasing appreciation of
underlying heterogeneity, even with similar clinical and
histologic features, and there is a substantial portion of
patients who will not be cured. In recent years, ongoing
research efforts have identified an uncommon but clinically
significant subgroup of high-risk patients with a highly
aggressive clinical course and dismal long-term survival.
This subgroup, commonly referred to as double hit (DHL)
or triple hit lymphoma (THL), has been officially classified
as “high grade B-cell lymphomas with rearrangements
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of MYC and BCL2 and/or BCL6” in the 2016 revision of
the World Health Organization (WHO) classification of
lymphoid neoplasms (1). The standard way to identify these
aberrations is via fluorescence in situ hybridization (FISH)
probes. MYC is located on the long arm of chromosome
8 (8q24) and is crucial for metabolism, protein synthesis,
and amplification of transcription (2). MYC expression
in DLBCL drives proliferation and induces genomic
instability (3). BCL2, an oncogene located on the long arm
of chromosome 18 (18q21), serves to promote cellular
survival by preventing apoptosis (4). BCL6 normally
encodes a transcriptional repressor and when overexpressed,
can down-regulate several other genes, including TP53
(tumor suppressor gene), which subsequently allows
DNA-damaged cells to escape from apoptosis (5). A typical
translocation partner for these genes is the immunoglobulin
heavy chain gene (IGH) enhancer, which is located on the
long arm of chromosome 14 (14q32). The IGH enhancers
activate efficient and accurate transcription of clonal IGH
genes (6,7). Concurrent translocation of MYC and BCL2
and/or BCL6 molecularly generates a cellular environment
of rapid growth countered by decreased apoptosis, and leads
to a highly chemoresistant phenotype.

Patients with HGBL-DH/TH comprise around
10% (8-12) of newly diagnosed DLBCL and typically
demonstrate poor response to standard initial therapy
(rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone; RCHOP) and limited survival when
compared to those without HGBL-DH/TH. One
group retrospectively analyzed 394 patient samples
and detected 19 cases of HGBL-DH (12%). After
treatment with anthracycline-containing regimens, the
HGBL-DH patients had a significantly shorter median
OS of 8.2 months compared with 56.8 months in non-
HGBL-DH patients (12). Another group retrospectively
reviewed 290 patient samples and detected 14 cases
of HGBL-DH (5%). After RCHOP therapy, these
patients had exceedingly poor 5-year overall survival
(OS) and progression-free survival (PFS) rates of 27%
and 18%, respectively (11). These data, among others,
led investigators to question whether more aggressive
induction therapy would be more effective than RCHOP
for the treatment of patients with HGBL-DH. The
MD Anderson group reported their experience with
129 HGBL-DH cases. The 2-year event-free survival
was much lower than historically reported outcomes of
patients with DLBCL and was observed at 25%, 32%, and
67% in patients who received RCHOP, R-hyperCVAD/
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MA (rituximab, cyclophosphamide, vincristine,
doxorubicin, dexamethasone, methotrexate, cytarabine) and
REPOCH (rituximab, etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin), respectively (13).
A large retrospective multicenter study reviewed 311 HGBL-
DH patients who received induction treatment with RCHOP,
REPOCH, R-hyperCVAD/MA, or CODOX-M-IVAC
(cyclophosphamide, vincristine, doxorubicin, methotrexate,
ifosfamide, etoposide, and cytarabine). Patients who
received REPOCH had the highest response rate.
Multivariable analyses demonstrated significantly improved
PFS and OS for those patients who received a more
intensive induction therapy compared to R-CHOP (hazard
ratio, 0.5) (14). To date, the “best” induction regimen for
patients with HGBL-DH/TH remains controversial, but
most clinicians prefer to use a more intensive regimen than
RCHOP in patients who can tolerate the therapy based on
these retrospective series.

In addition to poor response and survival following
RCHOP therapy, it is important to understand that patients
with HGBL-DH/TH have an increased risk of CNS relapse.
In a retrospective study of 135 patients with DLBCL, 9%
were found to have a MYC translocation and the presence
of this translocation held an increased risk of CNS relapse
independent of all studied risk factors (15). Additional
study of patients with dual expression of MYC and BCL2
proteins demonstrated a near 10% risk of CNS relapse (16).
Therefore, many experts feel that HGBL-DH/TH should
be offered CNS prophylaxis with initial therapy.

Thus, due to the need for more intensive induction
chemotherapy than RCHOP and the potential need to
implement CNS prophylaxis, it is crucial for treating
physicians to clearly identify whether a patient with newly
diagnosed DLBCL fits into the HGBL-DH/TH category.
Despite these strong arguments, FISH studies for MYC,
BCL2, and BCLG6 translocations are not sent in the majority
of patients newly diagnosed with DLBCL. Reasons cited
for not sending these tests include: (I) lack of pathologist
expertise to perform FISH analyses at the treating center;
(II) the high cost of FISH analyses; (III) low prevalence
of HGBL-DH/TH in the large DLBCL population; and
(IV) lack of awareness that HGBL-DH/TH exists and/
or the clinical consequences of HGBL-DH/TH. Since
identification of this poor risk subset of DLBCL, many
centers have developed provisional algorithms to limit
the number of newly diagnosed DLBCL pathology cases
that are sent for FISH analysis in order to reduce the cost
of testing. This article will discuss the clinical phenotype,
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Table 1 Summary of proposed means of screening patient samples for HGBL-DH/TH
Recommended

Screening tool Access Cost Sensitivity Comments

Yes No
Clinical features ™MW W No definitive clinical phenotype X
Pathologic morphology (BCLU) ™ N W No definitive morphologic phenotype; inter- X

reader variability
High Ki-67 Index 0 ¥ W No established threshold X
COO = GCB by IHC 0 ™ J Variability in methods used X
MYC =40% & BCL2 =50% by IHC 0 N X
COO = GCB & MYC 240% & BCL2 =50% by IHC 0 N X
FISH break- apart probe for MYC J T Misses less common MYC rearrangements: X
1(2:8) (IGK-MYC) and (8:22) (IGL-MYC)

FISH dual fusion probe for MYC J 0 ™ X

BCLU, B-cell lymphoma, unclassifiable; COO, cell of origin; FISH, fluorescent in situ hybridization; GCB, germinal center B-cell; IHC,

immunohistochemistry.

morphologic pathology features, and the potential molecular
identifiers commonly found in patients with HGBL-DH/
TH, and the data to inform which patient pathology samples
should be evaluated for DH/TH status by FISH. These

screening methods are summarized in 7Table 1.

What are the clinical characteristics of patients
with HGBL-DH/TH?

Baseline clinical characteristics are easily accessible features
by clinicians and would potentially be an efficient way to
screen patients for whose samples should be tested for
HGBL-DH/TH. Unfortunately, there are conflicting
reports that describe which clinical characteristics may
help to identify these patients. Petrich er /. described
a cohort of 311 patients diagnosed with HGBL-DH.
The authors found that lactate dehydrogenase (LDH)
and white blood cell counts were elevated in 76% and
22% of the patients, respectively (14). In a series of 129
HGBL-DH patients treated at MD Anderson, 84% of
patients had advanced-stage disease and 87% had an
International Prognostic Index (IPI) >2 at diagnosis (13).
A study of 252 DLBCL patients by Niitsu ez /. found that
patients with MYC aberrations were more likely to have
bone marrow involvement, a poor performance status, and
an increased LDH level at diagnosis (12). To the contrary, a
comparative retrospective analysis by Savage er a/. evaluated
clinical characteristics of 137 patients at DLBCL diagnosis
and found that there were no statistical differences in
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median age, sex, performance status, LDH or IPI in
patients with or without MYC rearrangements (15). Another
study of 53 DLBCL patients concluded that no baseline
clinical characteristic, including age, serum LDH, stage,
or IPI predicted which patients would be diagnosed with
HGBL-DH (17).

Complicating reliance on clinical features to predict for
underlying HGBL-DH/TH, there may be subsets who have
a more favorable outcome. Recently, several groups have
observed that limited stage HGBL-DH/TH may overcome
the adverse biology, although this is still controversial. A
review of 129 patients with HGBL-DH from MD Anderson
demonstrated that the 16 patients with limited stage HGBL-
DH had similar complete response rates, event-free survival,
and OS compared with advanced stage HGBL-DH (13).
However, it is notable that all 5 of the patients with stage
I HGBL-DH were in remission without events with a
median follow-up of 17 months (range, 8-34 months) (13).
A multicenter retrospective study pooled 201 limited
stage DLBCL path samples and found that of 83 samples
were FISH were available to determine double hit status,
6 patients samples (7%) were deemed HGBL-DH. After
treatment with 3 cycles of RCHOP plus radiotherapy, these
limited stage HGBL-DH demonstrated no statistically
significant difference in 4-year PFS (85% vs. 89%, P=0.62)
or 4-year OS (83% wvs. 90%, P=0.70) when compared with
non-HGBL-DH patients (18). Unfortunately, these sample
sizes are small and until further data are available, screening
by stage alone should not be performed when determining
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which newly diagnosed DLBCL patients should undergo
FISH for MYC/BCL2/BCL6 rearrangements. In summary,
although baseline clinical characteristics are a desirable way
to screen patients for whose pathologic samples should be
tested for HGBL-DH/TH, there is no consensus on clinical
phenotype of these patients. Thus, we do not recommend
using clinical characteristics to screen for HGBL-DH/TH.

Does the morphologic appearance or
proliferation rate predict for underlying HGBL-
DH/TH?

Since patients with HGBL-DH/TH typically have
aggressive clinical behavior, one suggestion is to select
lymphoma samples with an aggressive morphologic
appearance for further evaluation by FISH; there is further
potential that morphology may be prognostic within
HGBL-DH/TH groups (19). From a histology perspective,
DLBCL is classically defined as a diffuse proliferation of
intermediate- to large-sized B-cells that can be described
as centroblastic, immunoblastic, anaplastic or even
lymphoblastic in appearance (1). The previous iteration
of the WHO in 2008 included a provisional entity termed
“B-cell lymphoma, unclassifiable, with features intermediate
between diffuse large B-cell lymphoma and Burkitt
lymphoma”, shortened to “B-cell lymphoma, unclassifiable”
(BCLU) in many publications for simplicity (20). As the
name implies, these lymphomas had shared features of
both DLBCL and BL, and we now know that many of
these aggressive-appearing lymphomas probably included
a high proportion of HGBL-DH/TH. In the current
WHO Classification, the morphology is to be noted by the
hematopathologist, but if there are MYC or BCL2 and/or
BCLG6 rearrangements present, the diagnosis is immediately
shifted to “high-grade B-cell lymphoma” with these noted
rearrangements and renamed “HGBL-DHL/THL” (1).
However, can the initial morphology predict the
likelihood of underlying HGBL-DH/TH? This question
is unfortunately a difficult one to definitively answer,
partly reflecting the heterogeneity and small size of many
studies, and the lack of central pathology review in others.
Nevertheless, among studies of established HGBL-DH/
TH, there appears to be a concentration of variant and
higher grade histologies, including BCLU from the WHO
2008 classification (1,20). One of the larger clinical series
of over 300 patients with established HGBL-DH/TH
found that approximately 50% of patients had DLBCL
while 48% had BCLU (14). The high proportion of
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DLBCL in this series probably reflects that DLBCL, not
otherwise specified (NOS) is the most common histology
but may also be related to the lack of central pathology
review whereby cases with centroblastic and immunoblastic
morphology may have been lumped into one category for
clinical analysis. If we approach the converse situation of
just looking at patients with DLBCL, NOS, the frequency
of underlying HGBL-DH/TH is much lower. A recent
very large series evaluated 1,228 DLBCL biopsies from
three prospective trials plus a population-based registry and
found 7.9% incidence of HGBL-DH/TH; however, this
series was specifically restricted to patients with DLBCL,
NOS histology, and the frequency of HGBL-DH/TH may
be different if higher grade morphology was included (9).
Overall, the data support that patients with HGBL-DH/TH
are more likely to have blastoid morphology or BCLU, but
that restricting screening based on cytologic features alone
would miss a high proportion of DLBCL, NOS cases that
would be recategorized as HGBL-DH/TH if FISH were
added. Thus, morphology alone is not a reliable predictor
to screen for HGBL-DH/TH.

A correlate to morphology is proliferation rate.
Given the proliferative impact of MYC rearrangements,
Ki-67 has been proposed as a screening tool for underlying
HGBL-DH/TH. Ki-67 is a protein that can be measured
in pathologic samples by immunohistochemistry (IHC)
and is used as a surrogate marker for proliferation. As
HGBL-DH/TH patients typically have an aggressive
clinical course and since MYC overexpression drives
cellular proliferation, it has been hypothesized that
HGBL-DH/TH tumor cells should express a high
percentage of Ki-67 (commonly called a Ki-67 index or
score). This screening approach has been shown to be
ineffective in accounting for all patients with HGBL-DH/
TH as demonstrated by multiple retrospective studies. In
a study of 135 DLBCL patient samples, 12 were found to
have a MYC translocation. Of those 12 only 7 (58%) had
a Ki-67 score of >80% (15). Another study of 162 patients
with high-grade B-cell lymphoma, identified 35 patients
with MYC rearrangements. Of those 35, 29 patient samples
had a Ki-67 score of >80%, leaving 17% of patients who
would be missed by this Ki-67 score cutoff (21). A third
study reviewed 53 DLBCL patient samples and found 17
cases of HGBL-DH. Interestingly, the median Ki-67 score
was no different between samples with HGBL-DH/TH
and non-HGBL-DH with a trend towards a higher score in
the non-HGBL-DH samples (80% vs. 90%, P=0.53) (17).
As such, we do not recommend screening patients by Ki-67
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score to determine which patients to test for MYC/BCL2/
BCL6 translocations.

Can molecular features or protein expression be
used to predict for underlying HGBL-DH/TH?

As demonstrated in the preceding paragraphs, there is
no clearly identifiable clinical phenotype or pathologic
morphology that accurately predicts for underlying HGBL-
DH/TH without missing a substantial number of cases. The
molecular features of the underlying lymphoma such as cell
of origin (COO) and MYC/BCL2 protein expression are
considered a more objective means to screen for HGBL-
DH/TH (Figure 1).

Does COO predict for underlying HGBL-DH/TH?

DLBCL can pathologically be classified by its COO, which
means that molecular features of the mature cancer can be
traced back to the particular stage of B-cell differentiation
from which the malignant B-cells are derived. COO can
be divided into Germinal Center B-cell (GCB), where
differentiation of the cancer occurred in the germinal center
of the lymph node, and non-GCB, where the malignant
B-cell arose at a later state of B-cell differentiation (22).
COO can be determined from pathologic DLBCL samples
by using IHC staining and following the Hans algorithm
or by gene expression profiling, such as the Lymph2Cx
assay (22-24). The Hans algorithm is the most widely used
method secondary to availability of IHC stains and reduced
cost compared to gene expression profiling techniques.
This algorithm stratifies patients based on three separate
IHC stains for CD10, BCL6, and MUM1 (23). It has been
reported that the concordance between the Hans algorithm
and Lymph2Cx assay is around 70%, so there may be some
discrepancy depending on the method used (25). Multiple
retrospective studies have reported a higher prevalence of
HGBL-DH in the GCB subtype of DLBCL, ranging from
64-99% (9,11,26-28). The largest study to date of 1,228
DLBCL biopsies found ~8% incidence of HGBL-DH/TH.
When using the Hans algorithm or the Lymph2Cx
assay, the authors reported that 99% of the HGBL-DH
(MYC/BCL2) were of the GCB subtype (9). As these
tests found that ~50% of the total patient samples were
GCB-type, screening only the GCB samples by FISH for
HGBL-DH would reduce the number of newly diagnosed
DLBCL samples necessary to test by ~50% (9). However,
screening only the GCB type patients by FISH would miss
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diagnosis of the 5% of non-GCB that are MY C-translocated
and the 1.7% of non-GCB that are HGBL-DH that harbor
MYC/BCL?2 translocations or MYC/BCL6 translocations (9).
Therefore, many HGBL-DH/TH will be missed if
screening is only based upon COO. A summary of this
screening method can be found in Figure 1: Method 1.

Can IHC for MYC/BCL2 expression predict underlying
HGBL-DH/TH?

A frequently suggested method to reduce the number
of DLBCL samples requiring FISH testing is to screen
pathologic specimens via IHC. Arguments for this method
are the lower cost (estimated at 4-5 folds less than FISH
studies) and nearly universal availability of IHC staining.
However, using IHC expression of MYC and BCL2 is
confounded by the recent understanding that isolated dual
protein expression (DPE) without underlying chromosomal
rearrangements is a distinct and adverse prognostic
factor in DLBCL, NOS. The definition of DPE is IHC
overexpression of MYC protein (>40%) and the BCL2
protein (>50%). It is critical to understand that the WHO
does not consider DPE as a separate entity, but as a poor
prognostic factor predicting inferior survival compared to
patients without DPE (1). However, the negative impact of
DPE on survival is less than patients with HGBL-DH (11).
The DPE subgroup is also distinguished from the HGBL-
DH subgroup secondary to the higher prevalence in the
DLBCL population (~30%) and the predisposition to be
seen in the non-germinal GCB subtype by COO (28).
Despite these differences, some experts recommend the
identification of MYC and BCL2 protein overexpression by
IHC to limit who should be tested for MYC/BCL2/BCL6
translocations by FISH. We caution the use of MYC
and BCL2 expression to screen for HGBL-DH/TH
based upon the following data. Scott ez al. retrospectively
evaluated 1,228 patient samples and found that 48% (n=519)
expressed MYC >40% by IHC. If this protein expression
threshold was used to screen for HGBL-DH/TH, 20%
of the cases would be missed (9). This group used 905
biopsies with available data to study percentage increments
of MYC positivity and demonstrated that no MYC IHC
threshold (apart from 0%) that would detect all biopsies
with MYC rearrangement (9). The same group found that
34% of the total cohort were considered DPE by THC,
using the standard cutoffs of MYC >40% and BCL2 >50%.
Unfortunately, using these criteria as a screening study
would miss 25% of samples with HGBL-DH/TH (9). Horn
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et al. retrospectively evaluated 442 DLBCL patient samples
and found that if testing for MYC translocation was only
performed on those samples that had >40% MYC protein
expression, 30% of samples containing a MYC translocation
would be missed (29). Kluk ez a/. reviewed 256 pathology
cases of aggressive B-cell lymphoma with available MYC
IHC data (30). They found that a MYC expression of >40%
was used, this held a 90% sensitivity of predicting samples
that also harbored a MYC rearrangement, which would miss
the diagnosis in 10% of cases (30). Sakr ez al. retrospectively
analyzed 272 consecutive pathology samples diagnostic
of aggressive B-cell lymphoma at a single center (31).
Of this group, 156 cases had available data for both IHC
and FISH. MYC translocations were detected in 31/35
(89%) patient samples that had MYC expression >40%,
indicating that 11% of MYC translocations would be
missed if MYC expression by IHC was used as a screening
tool. In this study, 15 HGBL-DH cases were diagnosed.
Three of those 15 HGBL-DH cases (20%), were negative
for MYC overexpression by IHC (31). Secondary to these
data indicating that many HGBL-DH/TH diagnoses
will be missed by screening only for MYC and/or BCL2
protein expression, we do not recommend this approach. A
summary of this screening method can be found in Figure I:
Method 2.

Some proponents of IHC as a screening tool recommend
screening both for dual MYC and BCL2 expression and for
GCB subtype prior to testing any samples by FISH. Scott
et al. found that this would limit the population tested by
FISH to only 11-14% of the total DLBCL population,
however, it would result in missing up to a quarter of the
cases of HGBL-DH/TH (9). As such, we also do not
recommend this approach. A summary of this screening

method can be found in Figure 1: Method 3.

Could sequential FISH studies for MYC followed by BCL2/
BCL6 translocations be an effective screening strategy to
identify patients with HGBL-DH/TH?

An alternate strategy to identify patients with
HGBL-DH/TH is to screen every pathology sample
of a newly diagnosed high grade B-cell lymphoma with
FISH probes for dual IGH-MYC fusion. If positive, a
sequential FISH study could be performed on the sample
for BCL2 and BCLG6 translocations. A typical FISH dual
fusion probe targets the IGH-MYC fusion and can detect
the classic translocation partner, t(14;18) as described in
the introduction, but can also detect the less common
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translocations between immunoglobulin (IG) and MYC,
t(2;8) (IGK-MYC) and t(8;22) (IGL-MYC). The less
common mutations comprise <5% of MYC translocations,
but could be missed if a FISH break-apart probe was used
in lieu of the dual fusion probe (9,32). The sensitivity of
this method should approach 100% in those cases where IG
is the translocation partner for MYC. MYC can have other
translocation partners with non-/G genes. In a study that
identified 54 patients with MYC translocations, 24 were
translocated with non-IG gene partners, most commonly
t(8;9)(q24;p13) in 13 of 24 patient samples (33). In
multivariable analysis a non-IG gene translocation partner
was associated with more favorable survival compared with
an IG gene partner (33). Similarly, another retrospective
study identified 28/225 DLBCL patient samples that
harbored a MYC translocation. They were able to identify
an IG translocation partner in 12 of the 24 available
samples. The authors found that MYC translocation
with IG translocation partner gene was associated with
worse OS compared with MYC translocation with non-
IG translocation partner gene (34). Therefore, although
performing FISH with a dual fusion IGH-MYC probe would
not detect non-IG partner MYC translocations, but this may
not be as clinically relevant. The positive predictive value of
this method is not 100% as there are about 5% of all patients
with DLBCL that have a single MYC translocation that is
not paired with a BCL2/BCLG6 translocation (9). As multiple
publications have demonstrated worse prognosis and
increased risk of CNS relapse with single MYC translocation
in DLBCL, one could argue that it is clinically relevant to
identify even patients with a single translocation (15). In
summary, with the high sensitivity of screening all newly
diagnosed high grade B-cell lymphoma tumor samples
for MYC rearrangements with a dual fusion FISH probe,
we feel that this is the most efficient way not to miss the
diagnosis of HGBL-DH/TH. A summary of this screening
method can be found in Figure 1: Method 4.

Should clinicians wait for final FISH results prior to
initiation of chemotherapy?

As the processing times for FISH studies are highly variable
between labs, a practical concern physicians often face is
whether to wait for final FISH results prior to initiation of
chemotherapy. This problem is of particular relevance if
sequential testing of the pathology is performed, potentially
leading to further delays. As high-grade B-cell lymphomas
such as DLBCL are clinically very aggressive, these patients
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require urgent therapy. As such, we do not recommend
delaying the initiation of therapy to wait for FISH results.
Once FISH results are available, the treatment plan can be
tailored to match the patient’s molecular risk. For example,
if a patient is diagnosed with DLBCL and FISH results
are unavailable, we proceed with RCHOP therapy for
cycle 1. Subsequently, if the FISH studies confirm
HGBCL-DH/TH, the remainder of the cycles can be
switched to REPOCH and include CNS prophylaxis.

What are the approximate costs of each of these molecular
screening methods?

Sensitivity of the screening methods should certainly be
taken into account when selecting an institutional standard
for screening DLBCL patient samples for HGBL-DH/
TH. However, another factor that should be considered
is the cost of molecular analysis of these patient samples.
Unfortunately, it is a bit difficult to ascertain the exact cost
of these studies as the charges can be variable from one
insurance company to another. In attempt to approximate
the cost of each method, we roughly estimated costs
based on Medicare reimbursement rates as many patients
with DLBCL have Medicare insurance and many other
insurance companies base reimbursement upon Medicare
rates. Using current procedural terminology codes for
each IHC stain and FISH study (88342, 88274, 88365, and
88291) including codes for technical procedure and for
provider interpretation, we were able to estimate that each
THC stain costs approximately $100 and each FISH study is
approximately $400-$500 (https://www.cms.gov/medicare-
coverage-database; accessed July 8, 2018). Using these
factors, we have calculated relative cost of each screening
method which is pictured in Figure 1. Notably, Method
1 (screening for GCB by IHC) is the most expensive and
Methods 2—4 are similar in relative cost. Therefore, we
again recommend Method 4 (screening with FISH for
MYC rearrangements) as the most cost-effective screening
method.

Conclusions

The poor prognosis and adverse outcomes following
standard chemoimmunotherapy for patients with aggressive
B-cell lymphomas harboring dual rearrangements of MYC
and BCL2 and/or BCL6 is now well-established. Due
to the need for more intensive induction chemotherapy
than RCHOP and the potential need to implement CNS
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prophylaxis, it is crucial for treating physicians to know
whether a patient with newly diagnosed DLBCL fits into the
HGBL-DH/TH category. In a cost-conscious era, routine
and widespread testing for biologic determinants of outcome
may not be appropriate, and a critical appraisal of predictors
is warranted. As a distinct clinical phenotype or pathologic
morphology cannot be identified to accurately predict for
underlying HGBL-DH/TH, the molecular features of
the underlying lymphoma are a more objective means to
screen for HGBL-DH/TH. Herein, we have summarized
the data to support various methods of screening by
molecular features including COO, protein expression,
and sequential FISH testing (Figure 1). We recommend
screening all patient samples with newly diagnosed
high-grade B-cell lymphoma with a dual fusion FISH
probe for MYC-IG translocations (Figure 1: Method 4).
If the FISH study is positive, the sample can then be tested
for BCL2/BCL6 translocations. Based on these data, this
is both the most sensitive and cost-effective method to
diagnose patients with HGBL-DH/TH and to best inform
treating physicians to aid in the clinical management of
these patients.
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