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Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous dis-
ease with distinct immunophenotypes, genetic features, and clinical
outcomes. Based on differential gene expression, termed cell of origin
(COO), DLBCL can be subcategorized into germinal center B-cell-like
(GCB), activated B-cell-like (ABC), and a third subtype (type III), each
of which has genetic signatures similar to normal B cells at these stages
of differentiation.’ Patients with GCB have superior outcomes compared
with ABC when classified using gene expression profiling (GEP).'

NF-kB, a transcription factor involved in intracellular signaling,
is activated from the downstream pathway of the B-cell receptor and is
particularly important in the survival of ABC-DLBCL.>” Ibrutinib is
an oral covalent inhibitor of Bruton tyrosine kinase, which disrupts
signaling from the B-cell receptor to NF-«kB, thereby representing a
rational therapeutic approach for the ABC subtype.

Because GEP is not available in routine clinical practice, immuno-
histochemistry (IHC) algorithms are often used to determine COO
subtype, the most common of which was established by Hans et al.® IHC
differentiates GCB from non-GCB; the latter includes both ABC and
unclassifiable DLBCL. Unfortunately, the correlation between GEP

and IHC subtyping is imperfect, so despite the biologic rationale for
selective cytotoxicity of ibrutinib for ABC-DLBCL, it is not clear that
such preferential activity will be observed when COO is based on IHC.
We therefore retrospectively analyzed clinical outcomes of patients
with relapsed/refractory (r/r) DLBCL treated with ibrutinib according
to COO by Hans IHC algorithm.

We conducted a retrospective cohort study of all r/r DLBCL
patients at 6 US cancer centers treated with ibrutinib from 2013 to
2016. COO (GCB vs non-GCB) was determined by local pathol-
ogy findings and/or the investigator’s application of the Hans
algorithm. We included patients with de novo DLBCL as well as
those who had transformed from prior indolent lymphoma or chronic
lymphocytic leukemia provided that the ibrutinib was given for the
DLBCL histology. Patients were excluded if they received ibrutinib
for <14 days. Group differences were evaluated using x> and
Kruskal-Wallis tests. Progression-free survival (PFS) was defined as
the initiation of ibrutinib to the time of progressive disease, relapse, or
death. Overall survival (OS) was defined as the initiation of ibrutinib
to time of death. PFS and OS were estimated using the Kaplan-Meier
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Table 1. Characteristics of patients treated with ibrutinib according to subtype

Characteristic All patients (n = 54) Non-GCB (n = 24) GCB (n = 11) RT (n = 13) Unknown (n = 6) P
Age at diagnosis, y, median (range) 62 (38-88) 61 (38-88) 61 (47-79) 61 (47-80) 68 (40-71) .97
Sex, no. (%)
Men 33 (61) 15 (63) 4 (36) 9 (69) 5 (83) .27
Women 21 (39) 9 (37) 7 (64) 4 (31) 1(17)
IPI at diagnosis, no. (%)
Low 14 (26) 5 (21) 4 (36) 4 (31) 1(17) 78
Low intermediate 11 (20) 7 (29) 1(9) 2 (15) 1(17)
High intermediate 13 (24) 7 (29) 19 3 (23) 2 (33)
High 16 (30) 5 (21) 5 (46) 4 (31) 2 (33)
Number of prior treatments
Median 3 3 3 3.0 4 .61
Range 1-11 1-8 2-8 1-11 2-5
Prior transplant,* no. (%) 17 (31) 6 (25) 5 (46) 3 (23) 3 (50) 42
CNS disease at diagnosis, no. (%) 6 (11) 4 (17) 0 (0) 1(8) 1(17) .53

CNS, central nervous system; IPI, International Prognostic Index.

*All transplants were autologous except 2, who received allogeneic transplants (1 with GCB subtype and 1 with non-GCB subtype).

method and compared using the log-rank test. Statistical analyses
were performed with SPSS (IBM SPSS, version 23.0, IBM Cor-
poration, Armonk, NY).

Fifty-four patients met inclusion criteria, of whom 36 had de novo
and 18 had transformed disease (13 from chronic lymphocytic leu-
kemia). Patients who had transformed from prior indolent lymphoma
were included in COO subgroups, whereas patients with Richter
transformation (RT) were analyzed separately. By the Hans algorithm,
there were 11 patients with GCB and 24 patients with non-GCB,
and 6 patients were unknown. The remaining 13 patients had RT.
Characteristics, including age, sex, number of prior therapies, and
prior use of transplant, did not significantly differ between sub-
groups (Table 1). Four patients (ages 74, 75, 79, and 80) received only
1 prior treatment, which was R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone) in all cases. Of
these patients, 2 were non-GCB and 2 were transformed DLBCL (1 from
indolent lymphoma, 1 RT). Three patients received idelalisib treatment;
all 3 were RT patients and received this therapy after ibrutinib.

The overall response rate (ORR) for the entire cohort was 28%, with
5 patients achieving a complete response (CR) and 10 achieving a
partial response (PR). The ORR by subtype was as follows: 18.2% for
GCB patients (2 CR, 0 PR), 21% for non-GCB patients (2 CR, 3 PR),
46.2% for RT (1 CR, 5 PR), and 33.3% for unknown (0 CR, 2 PR).
There was no significant difference in ORR between the subtypes
(P = .34). The median PFS was 1.7, 3.0, 3.0, and 6.0 months for
patients with GCB, non-GCB, RT, and unknown subtype, respec-
tively (P = .85; Figure 1A). The median OS was 5.6, 6.3, 7.2, and
10.0 months for patients with GCB, non-GCB, RT, and unknown sub-
type, respectively (P = .97; Figure 1B). For the 2 unknown patients
with PR, 1 discontinued ibrutinib at 2.3 months secondary to toxicity
but was alive at 4.2 months and the other progressed at 13.5 months.
For the 2 non-GCB patients with CR, 1 discontinued at 7.1 months
secondary to intolerance but later was restarted and remained on
ibrutinib at 23.5 months, and the other discontinued for toxicity at
8.3 months and progressed at 11.9 months. For the 3 non-GCB patients
with PR, 1 remained on ibrutinib at 8.4 months, the other discontinued
for toxicity at 9.5 months and progressed at 11.5 months, and the last
progressed at 3.7 months. For the 2 GCB patients with CR, 1 remained
on ibrutinib at 8.0 months and the other died at 5.6 months. One RT
patient reached CR and then at 2.7 months received chimeric antigen
receptor T cells and was alive at last follow-up of 15.6 months. For the
5 RT patients with PR, 3 were alive and still on ibrutinibat 7.2, 2.1, and
3.0 months and the other 2 progressed at 2.2 and 8.5 months.

In this real world series of DLBCL patients treated with ibrutinib in
the 1/r setting, we found that the clinical activity of single-agent ibrutinib
did not differ when stratified by RT and de novo DLBCL. Importantly,
response rates for ibrutinib in GCB and non-GCB subtypes of r/r
DLBCL do not differ when using the Hans algorithm to assign subtype.
PFS and OS were poor in both groups and not statistically different. The
patients with unknown subtype had a trend toward improved PFS and
OS likely because of the small sample size. The ORR to ibrutinib in this
series of patients with r/r DLBCL (28%) was consistent with that which
was previously published.® Our study has some limitations. Data were
collected retrospectively, and response rates were assigned by inves-
tigator using clinical criteria. In addition, there was no central pathology
review, and the diagnosis and subtyping were assigned using local
pathology laboratories. Despite these limitations, this study mimics
real-world clinical practice.

Strategies to subclassify DLBCL are useful to identify patients at
higher risk for developing 1/r disease and to identify mechanisms of
oncogenesis, which could be exploited with novel treatments. Several
drugs, such as bortezomib,'®"? lenalidomide,"*'® and ibrutinib,™'® all
known to affect NF-«kB signaling implicated in ABC-DLBCL, are
being incorporated into treatment strategies. The only study evaluat-
ing the efficacy of single-agent ibrutinib in the r/r setting classified
80 patients with GEP and found improved responses in ABC compared
with GCB (ORR 37% vs 5%), but also demonstrated a number
of responses in patients with unknown/unclassifiable DLBCL
(ORR 22%) with relatively few complete remissions.’

IHC-based algorithms have poor concordance with each other
and GEP classification and do not always differentiate PFS and OS
outctomes.?*>* These inconsistencies question the utility of IHC as a
true surrogate of GEP to establish COO for use in clinical practice.

In conclusion, until GEP or other molecular technologies such
as Nanostring are in more widespread use for routine subtyping of
DLBCL, caution is advised when selecting patients for subtype-specific
therapy, because clinical outcomes for patients receiving ibrutinib may
not differ by COO as determined by IHC.
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Figure 1. Survival of patients with r/r DLBCL treated
A with ibrutinib by COO subtype. (A) PFS (log-rank test,
DLBCL Outcomes by coo P = .85) and (B) OS (log-rank test, P = .97).
1.0 A COO
—I1 Unknown
.. Non-GCB
-7 1GCB
0.8 1 ~r1RT
=
=
c
@
pis 0.6
L
=
=}
3 0.4
o
D
o
o
0.2 4 .
0.0 A
0 2 4 6 8 10 12
Months after initiation of ibrutinib
B
DLBCL Outcomes by COO
1.0 1 COO
—I1 Unknown
...{"* Non-GCB
-"1GCB
0.8 1 —r1RT
E
>
w
=
2 0.4
o
0.2 1
0.0 4
0 2 4 6 8 10 12
Months after initiation of ibrutinib

and TG Therapeutics; research funding from Acerta, Regeneron, Portola, and
DTRM Biopharma; and consultancy fees from Janssen, Celgene, and Kite. N.R.
maintained membership on advisory boards for Celgene and AbbVie and is on
the speakers bureau for Gilead. S.S. received research funding from Seattle
Genetics, Merck Sharp and Dohme Corp, Janssen, Acerta, Pharmacyclics,
Genentech, and Portola. M.S. maintained membership on advisory boards for
Pharmacyclics and AbbVie; received research support and consultancy fees
from Gilead and consultancy fess from PRIME Oncology and Genentech; and
received research support from Plexxikon, Gilead, and National Institutes of
Health, National Cancer Institute. M.R.S. received institutional research support
from Gilead; received institutional research support, maintained membership
on advisory board, and received honoraria from Seattle Genetics. P.C. is on
the speakers bureau for Celgene. B.T.H. received research funding from
Pharmacyclics and AbbVie and received honoraria for membership on advisory
committee at Pharmacyclics. The remaining authors declare no competing
financial interests.

Correspondence: Brian T. Hill, Cleveland Clinic, Taussig Cancer Institute,
9500 Euclid Ave, R35, Cleveland, OH 44195; e-mail: hillb2@ccf.org.

References

1. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse large B-cell
lymphoma identified by gene expression profiling. Nature. 2000;403(6769):
503-511.

2. Rosenwald A, Wright G, Chan WC, et al; Lymphoma/Leukemia Molecular
Profiling Project. The use of molecular profiling to predict survival after
chemotherapy for diffuse large-B-cell ymphoma. N Engl J Med. 2002;346(25):
1937-1947.

3. Wright G, Tan B, Rosenwald A, Hurt EH, Wiestner A, Staudt LM. A gene
expression-based method to diagnose clinically distinct subgroups of

20z aunr g0 uo jsenb Aq Jpd'88698.P00Iq/LEFZOYL/ILIL/YLIOE L/Pd-Bloe/pOO|q AU SUOlEDlgNdyse//:dly WOy papeojumog


mailto:hillb2@ccf.org

BLOOD, 5 OCTOBER 2017 - VOLUME 130, NUMBER 14

diffuse large B cell lymphoma. Proc Nat/ Acad Sci USA. 2003;100(17):
9991-9996.

4. Lenz G, Wright G, Dave SS, et al; Lymphoma/Leukemia Molecular Profiling
Project. Stromal gene signatures in large-B-cell ymphomas. N Engl J Med. 2008;
359(22):2313-2323.

5. Davis RE, Brown KD, Siebenlist U, Staudt LM. Constitutive nuclear factor
kappaB activity is required for survival of activated B cell-like diffuse large B cell
lymphoma cells. J Exp Med. 2001;194(12):1861-1874.

6. Davis RE, Ngo VN, Lenz G, et al. Chronic active B-cell-receptor signalling in
diffuse large B-cell lymphoma. Nature. 2010;463(7277):88-92.

7. Lam LT, Davis RE, Pierce J, et al. Small molecule inhibitors of IkappaB kinase
are selectively toxic for subgroups of diffuse large B-cell ymphoma defined by
gene expression profiling. Clin Cancer Res. 2005;11(1):28-40.

8. Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of the molecular
classification of diffuse large B-cell lymphoma by immunohistochemistry using a
tissue microarray. Blood. 2004;103(1):275-282.

9. Wilson WH, Young RM, Schmitz R, et al. Targeting B cell receptor signaling with
ibrutinib in diffuse large B cell lymphoma. Nat Med. 2015;21(8):922-926.

10. Kim JE, Yoon DH, Jang G, et al. A phase I/Il study of bortezomib plus CHOP
every 2 weeks (CHOP-14) in patients with advanced-stage diffuse large B-cell
lymphomas. Korean J Hematol. 2012;47(1):53-59.

11. Ruan J, Martin P, Furman RR, et al. Bortezomib plus CHOP-rituximab for
previously untreated diffuse large B-cell lymphoma and mantle cell lymphoma.
J Clin Oncol. 2011;29(6):690-697.

12. Elstrom RL, Andemariam B, Martin P, et al. Bortezomib in combination
with rituximab, dexamethasone, ifosfamide, cisplatin and etoposide
chemoimmunotherapy in patients with relapsed and primary refractory diffuse
large B-cell lymphoma. Leuk Lymphoma. 2012;53(8):1469-1473.

13. Dunleavy K, Pittaluga S, Czuczman MS, et al. Differential efficacy of bortezomib
plus chemotherapy within molecular subtypes of diffuse large B-cell ymphoma.
Blood. 2009;113(24):6069-6076.

14. Wiernik PH, Lossos IS, Tuscano JM, et al. Lenalidomide monotherapy in
relapsed or refractory aggressive non-Hodgkin’s lymphoma. J Clin Oncol. 2008;
26(30):4952-4957.

15. Witzig TE, Vose JM, Zinzani PL, et al. An international phase Il trial of single-
agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin’s
lymphoma. Ann Oncol. 2011;22(7):1622-1627.

LETTERS TO BLOOD 1679

-

6. Hernandez-llizaliturri FJ, Deeb G, Zinzani PL, et al. Higher response to
lenalidomide in relapsed/refractory diffuse large B-cell lymphoma in
nongerminal center B-cell-like than in germinal center B-cell-like phenotype.
Cancer. 2011;117(22):5058-5066.

17. Wang M, Fowler N, Wagner-Bartak N, et al. Oral lenalidomide with rituximab in
relapsed or refractory diffuse large cell, follicular and transformed lymphoma:
a phase Il clinical trial. Leukemia. 2013;27(9):1902-1909.

18. Mondello P, Steiner N, Willenbacher W, et al. Lenalidomide in relapsed or
refractory diffuse large B-cell lymphoma: Is it a valid treatment option?
Oncologist. 2016;21(9):1107-1112.

19. Younes A, Thieblemont C, Morschhauser F, et al. Combination of ibrutinib with
rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone
(R-CHOP) for treatment-naive patients with CD20-positive B-cell non-Hodgkin
lymphoma: a non-randomised, phase 1b study. Lancet Oncol. 2014;15(9):
1019-1026.

20. Coutinho R, Clear AJ, Owen A, et al. Poor concordance among nine
immunohistochemistry classifiers of cell-of-origin for diffuse large B-cell
lymphoma: implications for therapeutic strategies. Clin Cancer Res. 2013;
19(24):6686-6695.

21. Gutiérrez-Garcia G, Cardesa-Salzmann T, Climent F, et al; Grup per 'Estudi
dels Limfomes de Catalunya | Balears (GELCAB). Gene-expression profiling
and not immunophenotypic algorithms predicts prognosis in patients with
diffuse large B-cell lymphoma treated with immunochemotherapy. Blood. 2011;
117(18):4836-4843.

22. Nyman H, Adde M, Karjalainen-Lindsberg ML, et al. Prognostic impact of
immunohistochemically defined germinal center phenotype in diffuse large
B-cell lymphoma patients treated with immunochemotherapy. Blood. 2007;
109(11):4930-4935.

23. Schmidt-Hansen M, Berendse S, Marafioti T, McNamara C. Does cell-of-origin
or MYC, BCL2 or BCLS6 translocation status provide prognostic information
beyond the International Prognostic Index score in patients with diffuse large
B-cell lymphoma treated with rituximab and chemotherapy? A systematic
review. Leuk Lymphoma. 2017;58(10):2403-2418.

DOI 10.1182/blood-2017-05-786988

© 2017 by The American Society of Hematology

To the editor:

Autoimmune HIT due to apheresis catheter heparin flushes for stem cell harvesting before

autotransplantation for myeloma
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Heparin-induced thrombocytopenia (HIT) is a prothrombotic adverse
drug reaction caused by platelet-activating immunoglobulin G (IgG)
that recognizes PF4 in complexes with heparin or certain platelet-
derived polyanions (chondroitin sulfate and polyphosphates).' HIT
occurs in ~0.2% of hospitalized patients who undergo any heparin
exposure,”* although most cases occur with prophylactic- or therapeutic-
dose unfractionated heparin (UFH) given for =5 days, usually in
postoperative or proinflammatory settings (frequency, 1% to 5%).
Rarely, HIT has been reported in patients whose sole exposure
consisted of heparin “flushes.”®® The paucity of these reports makes it
challenging to determine how such low amounts of heparin could cause
HIT. For example, UFH concentrations of ~0.1 to 0.3 U/mL (using
washed platelets”) or ~0.5 to 1.0 U/mL (using plasma-rich plasma'®)
in vitro are optimal for HIT antibody-induced platelet activation.

However, to achieve these heparin concentrations in vivo, a patient
must receive at least systemic prophylactic-dose UFH."!

Recently, “autoimmune HIT” has been recognizedlz'm; here, HIT
antibodies activate platelets strongly, even in the absence of heparin.
Clinical syndromes linked to autoimmune HIT include delayed-onset
HIT (where HIT begins or worsens after stopping heparin),'® persisting
HIT (where thrombocytopenia continues for several weeks despite
stopping heparin),'>'® and spontaneous HIT syndrome (clinical/
serological picture of HIT without proximate heparin exposure).'”'®
‘We now report 4 multiple myeloma (MM) patients who developed HIT
exclusively through exposure to UFH flushes (for apheresis catheter
management) prior to autologous stem cell transplantation (aSCT),
implicating autoimmune HIT antibodies. These patients were identi-
fied during a 44-month period (beginning May 2013) during which
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