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Key Points

• An incidental histologic
diagnosis of DLBCL
was identified during
temporary interruption
of ibrutinib treatment in
patients with CLL.

• In contrast to an ag-
gressive clinical course
typical of Richter trans-
formation, these
patients responded to
reinitiation of
ibrutinib alone.

Introduction

Ibrutinib, a Bruton tyrosine kinase inhibitor approved for treatment of patients with chronic lymphocytic
leukemia (CLL), is administered as continuous therapy until unacceptable toxicity or disease
progression. However, temporary interruptions in treatment are common, often due to surgical
procedures or toxicities.1-4 Although studies evaluating the impact of drug interruption on long-term
outcomes have been reported,1,5,6 information pertaining to the immediate clinical consequences
associated with temporary interruption of ibrutinib is lacking. Here, we describe 3 patients who were
incidentally discovered to have evidence of Richter transformation with diffuse large B-cell lymphoma
(DLBCL) histology in association with temporary interruption of ibrutinib.

Methods

Electronic medical records were reviewed for patient and CLL disease characteristics, treatment,
follow-up, and pathological findings. Subsequent pathology review was performed by expert
hematopathologists (P.L., E.D.M., and R.N.M.). One additional expert hematopathologist performed
a central, independent, and blinded review of all cases. Laboratory method details are available in the
supplemental Methods.

Results and discussion

Case 1

A 73-year-old man with relapsed CLL was on treatment with ibrutinib for 17 months (see Table 17 for
a list of patient characteristics) when he was found to have a sigmoid colon mass on routine
colonoscopy. In anticipation for sigmoidectomy, ibrutinib was held 1 week before surgery, as per
package insert.8 Pathology from the colon confirmed adenocarcinoma; regional lymph nodes resected
during surgery were negative for adenocarcinoma. Unexpectedly, the lymph nodes demonstrated
involvement by DLBCL with a non–germinal center B-cell phenotype by Hans algorithm9 arising in the
background of CLL, consistent with Richter transformation (Figure 1A). Results of fluorescence in situ
hybridization (FISH) for MYC rearrangement were negative. The neoplastic large cells expressed
programmed death-1 by immunohistochemistry (90%), suggesting that the DLBCL was clonally related
to the underlying CLL.10 His postoperative course was complicated by fatigue and fever with no
infectious etiology identified. Ibrutinib was restarted 7 days postoperatively. A 18Ffluorodeoxyglucose
positron emission tomography (PET) scan performed 1 month after resumption of ibrutinib revealed no
abnormalities. Results of a bone marrow biopsy and another PET scan 2 months later were negative for
Richter transformation. The patient developed gradually progressive CLL 6 months after sigmoidectomy
and was treated with venetoclax and rituximab. The patient remains without any further evidence of
Richter transformation with 2.5 years of follow-up beyond the initial finding of DLBCL.
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Case 2

A 63-year-old man received ibrutinib for 39 months for relapsed
CLL when a colonoscopy evaluating hematochezia revealed rectal
adenocarcinoma. He received 5 weeks of neoadjuvant radiation
and capecitabine (ibrutinib was continued through this time). After
holding ibrutinib for 7 days, rectosigmoid resection was performed.
Lymph nodes were negative for adenocarcinoma but unexpectedly
demonstrated DLBCL that expressed CD5, CD23, and pro-
grammed death 110 (Figure 1 A-B) and had an activated B-cell
phenotype by Lymph2CX molecular profiling.11 MYC rearrange-
ment was not detected by FISH. No co-occurring CLL cells were
present in the specimen. Ibrutinib was restarted, and the patient did
not experience any new constitutional symptoms or laboratory
abnormalities. The perioperative course was uncomplicated. He
initiated adjuvant chemotherapy and continued concurrent ibrutinib.
The patient had progressive CLL 9 months and 26 months following
the identification of DLBCL, for which idelalisib and venetoclax were
started, respectively. At the most recent follow-up 32 months after
the DLBCL diagnosis, the patient has no evidence of recurrent
Richter transformation.

Case 3

A 44-year-old man with previously untreated CLL had been
on ibrutinib for 14 months when he was scheduled for a thigh
lipoma resection. Two days into his preoperative ibrutinib hold,
he experienced low-grade fevers, malaise, and swelling in his
axilla and groin that quickly resolved after restarting ibrutinib. His
surgery was delayed by 2 weeks, and ibrutinib was successfully
held for 7 days before his rescheduled surgery without re-
currence of symptoms. Intraoperatively, an abnormal-appearing
inguinal lymph node was excised. Unexpectedly, the excised
lymph node demonstrated DLBCL with a non–germinal center
B-cell phenotype on the background of small lymphocytes of co-
occurring CLL consistent with Richter transformation (Figure 1A).
FISH was negative for MYC rearrangement. He restarted his
ibrutinib 1 week after surgery. A PET scan did not show any 18F

fluorodeoxyglucose-avid lymph nodes but showed a 1.4-cm lung
nodule with a standardized uptake value of 7.9. The patient
underwent a diagnostic wedge resection of this lesion and the

histopathology revealed bronchial malignant melanoma. He started
adjuvant immunotherapy with ipilimumab and nivolumab for his
resected melanoma and continued ibrutinib for CLL. Subsequent
blood work and cross-sectional imaging after 7 months of follow-
up after his diagnosis of DLBCL have not demonstrated evidence
of progression of CLL or recurrent transformation.

Richter transformation of CLL into an aggressive lymphoma occurs
in ;2% to 10% of patients12 and has been described as an early
event in ibrutinib-treated patients.13,14 DLBCL is the most common
type of Richter transformation and has a poor prognosis with
median overall survival of 12 months.15 Outcomes are particularly
dismal when occurring on ibrutinib therapy.13,14 In contrast to
an aggressive presentation of Richter transformation at the time
of disease progression, we describe a unique presentation when
ibrutinib is temporarily interrupted in patients who have stable
disease at the time of ibrutinib hold. Importantly, the favorable
clinical courses of these patients with response to reintroduction
of ibrutinib emphasize this as a critical first step in management,
as opposed to starting chemoimmunotherapy.

Patients who stop ibrutinib due to progressive disease can
experience rapid disease progression before subsequent therapy
is started.16 Additionally, in a retrospective analyses of 143 patients
treated atMayoClinicwho interrupted ibrutinib temporarily, 35 patients
experienced “disease flare,” manifested by symptoms, laboratory
abnormalities, or radiographic findings of progressive disease.3

The patients described in the current series had incidental his-
topathological examination of lymph nodes for a concomitant
malignancy, which allowed us to identify DLBCL as the underlying
pathology (see supplemental Figures 1-3 for additional hematopa-
thology images of each case). All patients responded to reintro-
duction of ibrutinib with no evidence of recurrent DLBCL after 7, 30,
and 32 months of follow-up. These findings suggest that the Richter
transformation described in this report likely represents an unstable
B-cell clone and that sudden release of B-cell receptor signaling
inhibition during interruption of ibrutinib therapy may be responsible
for this clinical manifestation.

Interestingly, all patients had unmutated immunoglobulin heavy
chain genes and TP53 disruption, which are frequently observed

Table 1. Patient characteristics and disease course details

Pt Age, y IGHV CLL FISH NGS

Prior lines of

therapy

Ibrutinib daily

dose, mg

iwCLL

response7

Ibrutinib

duration prior

to hold, mo

TTNT; specific

treatment

Duration of follow-

up without evidence

of recurrent RT, mo

1 73 Unmut del17p, 112,
del13q

TP53 Rituximab and
methylprednisolone

280* PR 17 6 mo; venetoclax 30

2 63 Unmut del17p,
del13q

TP53, GPS2† Multiple‡ 420 PR 39 9 mo; idelalisib 32

3 44 Unmut 112 TP53, FBXW7 None 420 PR 15 N/A 7

The indication was periprocedural and the total duration of interruption was 14 days in each of the 3 cases. Management of Richter transformation was restarting ibrutinib in all cases.
IGHV, immunoglobulin heavy chain gene; iwCLL, International Workshop on Chronic Lymphocytic Leukemia; N/A, not applicable; NGS, next-generation sequencing results; PR, partial

remission; Pt, unique patient; RT, Richter transformation; TTNT, time to next treatment; Unmut, unmutated.
*Dose reduced from 420 mg daily after 6 months of treatment due to easy bruising.
†Tempus next-generation sequencing performed on the DLBCL surgical pathology specimen. This revealed multiple TP53 aberrations (c.376-1G.A splice region variant resulting in loss

of function [22.77% allelic frequency], p.Y220C missense variant resulting in loss of function [6.97% allelic frequency], and p.C135W missense variant resulting in loss of function [6.54%
allelic frequency]). Also noted were 2 variants in GPS2, a gene encoding a protein involved in the MAPK pathway (c.20412T.G splice region variant resulting in loss of function [6.42%
allelic frequency] and p.M153fs frameshift resulting in loss of function [2.90% allelic frequency]). Tumor mutational burden was 2.2 nonsynonymous mutations/Mb. RNA sequencing
performed through Tempus noted overexpression of BCL2, CREBBP, and MTOR.
‡Fludarabine and cyclophosphamide; pentostatin, cyclophosphamide, and rituximab; cyclophosphamide and rituximab; bendamustine; lenalidomide and dexamethasone; second course of

pentostatin, cyclophosphamide, and rituximab; fludarabine, cyclophosphamide, and rituximab; ofatumumab; and rituximab and methylprednisolone.
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with Richter transformation.17 Two of the 3 patients also had
trisomy 12, a genomic aberration associated with increased inci-
dence of Richter transformation as well.18 Given this is a small case
series, we are unable to draw broad conclusions about which
patients might be at risk for developing this complication or if these
patients are at a higher risk of progressive disease eventually.

In summary, we provide a novel description of incidentally discov-
ered Richter transformation during ibrutinib hold and an associated
transient clinical course with resuming ibrutinib treatment. Given
that;40% patients on ibrutinib therapy require a temporary hold of
ibrutinib during the course of therapy,4 this observation warrants
awareness among clinicians and further investigation of the under-
lying biological mechanisms.
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Figure 1. Representative hematopathology find-

ings of incidentally discovered Richter transfor-

mation. (A) Images of hematoxylin and eosin–stained

slides for each case. Original magnification (OM) is

listed in each panel. (B) Immunohistochemistry (IHC)

demonstrating CD5-positive (top left panel) and CD23-

positive (top right panel) large atypical lymphocytes, as

well as a Ki-67 proliferation index of 80% to 90%

(bottom left panel) and strongly positive programmed

death 1 staining (bottom right panel) in case 2.
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