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Abstract: Radioimmunotherapy (RIT) with radio-labeled monoclonal antibodies to CD20 produces a high response rate in patients
with low-grade B-cell lymphomas. The use of this modality in patients with chronic lymphocytic leukemia (CLL) has been sporadic in
clinical trials and was hampered by the extensive marrow involvement seen commonly in patients with CLL, which would produce
a high risk for marrow aplasia after treatment with RIT. Herein, we report our experience with RIT in 5 patients with CLL or SLL
showing short-lived responses and significant myelosuppression. After 90Y-ibritumomab tiuxetan treatment, the median time to
relapse was 65 days, and no cases of MDS or AML were observed during follow-up. All patients experienced grade >3 thrombocy-
topenia and neutropenia, with median durations of 39.5 days and 107 days, respectively.
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Introduction

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is a common type of mature B-cell neoplasm,
characterized by the clonal proliferation and accumulation of mature B-cells within the blood, bone marrow, lymph
nodes, and spleen.' CLL is considered one of the indolent non-Hodgkin lymphomas (NHL) and has identical pathologic
and immunophenotypic features as SLL. The term CLL is used when the disease manifests primarily in the blood, while
SLL is used when involvement is primarily nodal."? Only patients with progressive, symptomatic disease, or with
advanced Binet or Rai stages require therapy.” However, in most patients CLL/SLL progresses over time and requires
multiple lines of therapies.”> CLL/SLL treatment has evolved from the use of chemotherapeutic agents to non-
chemotherapeutic agents after the introduction of anti-CD20 monoclonal antibodies, BCL2 inhibitors, and BTK
inhibitors.* Radioimmunotherapy (RIT) is a modality that has been sporadically used in the treatment of CLL/SLL.**
RIT combines biologic and radiologic mechanisms to target and destroy tumor cells and has been an advancement in the
treatment of patients with B-cell NHL.® Two RIT agents have been approved by the United States Food and Drug
Administration (US FDA) for the treatment of relapsed CD20+ NHL: yttrium Y 90 (°°Y) ibritumomab tiuxetan and
iodine I-131 tositumomab. Both agents work by binding to the B-cell CD20 antigen, which is present on most B-cell
lymphocytes related malignancies.”® °°Y ibritumomab tiuxetan is the only commercially available product. It comprises
the radiolabeled isotope *’yttrium, a murine monoclonal antibody ibritumomab, and a linker chelator tiuxetan. It is
efficacious in the treatment of B-cell NHL.* The primary toxicity with **Y-ibritumomab tiuxetan use in the standard
doses is a transient delayed myelosuppression.'®!" Data regarding radioimmunotherapy treatment of CLL/SLL is limited.
In this case series, we review 5 cases where *’Y-ibritumomab tiuxetan was used to treat CLL/SLL.
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Materials and Methods

A retrospective analysis was conducted on a case series of patients diagnosed with chronic lymphocytic leukemia (CLL) who
received 90Y-IT (yttrium-90 ibritumomab tiuxetan) treatment at Mayo Clinic between January 2000 and December 2020. The
study aimed to evaluate the effectiveness and safety of 90Y-IT in CLL patients. All patients diagnosed with CLL who received
90Y-IT treatment during the specified timeframe were included in the study. No exclusion criteria were applied, ensuring that
all patients meeting the diagnostic criteria for CLL and receiving 90Y-IT treatment were included for analysis. Patient data
were meticulously collected from electronic medical records (EMRs) and other pertinent medical documentation.

Case |

A 66-year-old male with a history of coronary artery bypass surgery (CABG), and a diagnosis of CLL 10 years before
presentation was referred to our institution for management of CLL. His absolute neutrophil count was 6.05 x 10°/L, white cell
count was 10.3 x 10°/L, hemoglobin was 14.9 x 10°/L and platelets count was 161 x 10°/L. Peripheral blood flow cytometry
was positive for CD5, CD19, CD20, CD23, CD 38 and HLADR B lymphocytes. Fluorescence in situ hybridization (FISH)
analysis on peripheral blood showed 16% of lymphocytes with 16% 13q deletion and 36% with 17p deletion. Quantitated
immunoglobulins revealed panhypogammaglobulinemia with IgG of 279 mg/dL, IgM of 41 mg/dL, and IgA of 22 mg/dL.

Two years after diagnosis, the patient was treated with 4 doses of rituximab weekly with apparent transient
improvement in adenopathy and leukocytosis. However, due to further progression of his adenopathy, he was treated
with the combination of rituximab, cyclophosphamide, vincristine, and prednisone (R-CVP). The treatment was
complicated by pseudomonas osteomyelitis involving the right skull base, and pseudomonas sepsis. Computed tomo-
graphy (CT) scan of the chest, abdomen, and pelvis a year later showed progressive disease with bilateral axillary
lymphadenopathy, extensive abdominal adenopathy, and right adrenal mass. He was treated with 12 weeks of alemtu-
zumab with further progression. Due to progression of CLL despite multiple lines of salvage regimen, he was treated
with *°Y-ibritumomab tiuxetan. Pre-treatment bone marrow biopsy was negative for lymphoma.

After *°Y-ibritumomab tiuxetan treatment, patient experienced significant neutropenia and thrombocytopenia. Patient
developed neutropenic fever. The nadir platelet count was 22x10%/L at 28 days post *°Y-ibritumomab tiuxetan infusion and
recovered on day 190 post **Y-ibritumomab tiuxetan infusion. The nadir of absolute neutrophil counts (ANC) was 0.2 x10°/L at
36 days after **Y-ibritumomab tiuxetan infusion and recovered 65 days post *°Y-ibritumomab tiuxetan infusion. The patient did
not require granulocyte stimulating factor (GCSF) support. Unfortunately, CT scan 2 months after treatment showed worsening
lymphadenopathy. The patient was later treated with 3 cycles of rituximab and high dose IV Solu-Medrol. His disease course was
complicated by multiple aspirations and a large right-sided chylothorax requiring pleuroperitoneal shunt. He passed away soon
after the shunt placement.

Case 2

A 48-year-old male with diabetes mellitus, hypertension, renal stones, recurrent sinusitis and sinopulmonary infections,
hypogammaglobulinemia, and bronchiectasis presented to our institution with lymphadenopathy, night sweats, and
unintentional weight loss. He was diagnosed with stage IV SLL.

Patient was initially treated with R-CHOP for 8 cycles achieving partial response (PR) but progressed after 4 months.
Patient was treated with °*Y-ibritumomab tiuxetan. The patient achieved stable disease (SD) to therapy on a CT scan after
one month. Unfortunately, 5 months after treatment with 20Y_ibritumomab tiuxetan, CT scan of the chest, abdomen, and
pelvis showed evidence of progression of disease with increase in the size of mediastinal, subcarinal, peripancreatic, and
retroperitoneal lymph nodes.

The pretreatment bone marrow biopsy involvement was <5%. FISH showed 81% 13q deletion. After **Y-ibritumomab
tiuxetan treatment, patient experienced significant neutropenia and thrombocytopenia. The nadir platelet count was 16x10%/L
at 34 days post *°Y-ibritumomab tiuxetan infusion and recovered on day 58 post infusion. The nadir of absolute neutrophil
counts (ANC) was 0.3 x10°/L at 45 days post infusion and recovered at 58 days post infusion. The patient did not require
granulocyte stimulating factor (GCSF) support.

He relapsed through multiple lines of therapies after **Y-ibritumomab tiuxetan and he is still alive 19 years later.
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Case 3

A 60-year-old female with a distant history of breast cancer presented with cervical and postauricular lymphadenopathies
and was diagnosed with SLL by lymph node biopsy. FISH study showed 10.5% 13q deletion and 17.5% 17q deletion.
She was asymptomatic and monitored for a year. Upon disease progression, she received pentostatin, cyclophosphamide,
and rituximab (PCR) for 3 cycles complicated by persistent cytopenia.

Due to further disease progression 19 months after PCR, she was treated with °°Y-ibritumomab tiuxetan. The
pretreatment bone marrow biopsy showed 15% lymphomatous involvement. After *°Y-ibritumomab tiuxetan treatment,
patient experienced grade 3 neutropenia and grade 3 thrombocytopenia. He achieved stable disease (SD) to therapy on
a CT scan after one month. The nadir platelet count was 42x10°/L at 35 days post *°Y-ibritumomab tiuxetan infusion and
recovered on day 252 post infusion. The nadir of absolute neutrophil counts (ANC) was 0.5 x10°/L 44 days after infusion
and recovered 231 days post infusion. The patient required granulocyte stimulating factor (GCSF) support. Patient had no
infections. However, the disease progressed 5 months after treatment. The patient received multiple lines of therapy
including R-CVP with disease progression then rituximab plus Bendamustine followed by autologous hematopoietic
stem cell transplantation. She was started on ibrutinib therapy 8 years after bone marrow transplant for her relapsed
disease. Patient is currently alive and continues to receive daily ibrutinib.

Case 4

A 69-year-old male with chronic obstructive pulmonary disease (COPD) and chronic renal insufficiency (CKD) presented
with abnormal liver function tests and lymphadenopathy in left groin and right submandibular area. A left groin lymph node
biopsy confirmed a diagnosis of SLL with plasmacytoid features. The patient was treated with chlorambucil with improve-
ment in lymphadenopathy and liver function test. Patient had progressive adenopathy treated with Rituximab. Two years after
rituximab treatment, the patient developed Richter’s transformation (diffuse large B-cell lymphoma) in the lung. Patient
received 5 cycles of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). He developed severe
neutropenia, and the course was complicated by multiple infections. Later on, SLL progressed, and the patient received 4
doses of rituximab with minimal response.

Due to lack of response to rituximab, the patient was treated with *°Y-ibritumomab tiuxetan. The pretreatment bone
marrow biopsy showed 5-10% lymphomatous involvement with SLL. FISH was not performed or not available in the
EMR. Patient experienced grade 3 thrombocytopenia but no neutropenia. The nadir platelet count was 42 x 10°/L at 20
days post *’Y-ibritumomab tiuxetan infusion and recovered on day 85 postinfusion. The ANC nadir was 4.16 x10°/L 14
days post infusion. The patient did not receive GCSF support. CT scan of the chest, abdomen, and pelvis 2 months
showed progressive disease. The patient received multiple lines of therapy however, disease progressed, and he passed

away from lung infection 10 months after *°Y-ibritumomab tiuxetan treatment.

Case 5

A 59-year-old male with benign prostatic hyperplasia presented with worsening lymphocytosis with a white cell count of
28.4 x 10°/L with 50% lymphocytes and a chronic left cervical lymphadenopathy. Lymph node biopsy confirmed the
diagnosis of CLL. The patient progressed through chlorambucil, 2 cycles of fludarabine, 6 cycles of R-CHOP, single
agent rituximab, cyclophosphamide plus fludarabine, 2 cycles of DHAP, PCR, as well as alemtuzumab plus rituximab
with minimal or no response.

Due to poor response to previous therapies, she was treated with *°Y-ibritumomab tiuxetan. The pretreatment bone
marrow biopsy involvement was <1%. FISH showed 17.5% 11q deletion. After *°Y-ibritumomab tiuxetan treatment,
patient experienced grade 4 neutropenia and grade 3 thrombocytopenia. The nadir ANC count was 0.4x10°/L at 27 days
post *°Y-ibritumomab tiuxetan infusion and recovered on day 77 post *°Y-ibritumomab tiuxetan infusion. The nadir of
platelet count was 4 x10°/L at 128 days after °°Y-ibritumomab tiuxetan infusion and recovered 140 days post
%0Y_ibritumomab tiuxetan infusion. The patient received granulocyte stimulating factor (GCSF) support. Post infusion

was complicated by a presumed community acquired pneumonia requiring hospitalization.
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Unfortunately, 2 months after *°Y-ibritumomab tiuxetan treatment, the disease progressed, and multiple enlarged
lymph nodes in the bilateral axillae, supraclavicular regions, mesentery, retroperitoneum, and pelvis were seen on the CT
scan. Salvage regimen of cladribine and rituximab then ifosfamide, carboplatin and etoposide (ICE) were used. Patient
achieved PR but developed neutropenic fever and pneumonia requiring hospitalization. He passed away 2 months after
discharge.

Discussion

Our case series reported 3 refractory CLL and 2 refractory SLL patients who were treated with *Yttrium ibritumomab
tiuxetan with a median age at diagnosis of 61 (range 48-69) with 4 out of 5 patients are males. All patients had
significant nodal involvement at diagnosis. All patients relapsed or progressed after **Y-ibritumomab tiuxetan treatment
achieving only transient responses with best responses being SD. The overall response rate (ORR) was 0% in our case
series. Median time from °°Y-ibritumomab tiuxetan treatment to relapse was 65 (range 45-182) days. Of the 5 reported
cases, the median lines of treatment prior to *°Yttrium ibritumomab tiuxetan is 3 (range 1-9). None of the 5 patients
developed MDS or AML with the available follow-up. All patients developed grade >3 thrombocytopenia and grade > 3
neutropenia. The median duration of grade 3 or 4 neutropenia is 39.5 days (range 58-231) with median nadir of 0.35 x
10°/L (range 0.2-0.5 x 10°/L) for ANC. One patient had prolonged neutropenia 7 months post-therapy. The median
duration of grade 3 or 4 thrombocytopenia is 107 days (range 12—190) with median nadir of 19 x 10°/L (range 4-42 x
10°/L). One patient had persistent thrombocytopenias 6 months post-therapy.

Available data reported variable response rates in patients with CLL/SLL treated with radioimmunotherapy over the
past 3 decades.'>'* One of the pharmacokinetics studies of I-131 tositumomab found that CLL tumors had lower
concentration of I-131 tositumomab compared to other histologies.'* Moreover, in another study by DeNardo, out of the
5 patients with CLL treated with I-131 tositumomab, all achieved PR with >50% decrease in lymphadenopathy.'?
Thrombocytopenia was the major hematological toxicity and 4 of the 5 patients died of infectious complications."> In
another study published in abstract form, Kaminski et al pooled data from 4 Phase 1-3 studies of the use of I-131
tositumomab RIT in patients with SLL and SLL with Richter’s transformation and reported a CR rate of 21% and PR rate
of 42%. Hematological toxicity was seen in <15% of patients.'* The active radioactive moiety in *°Y-ibritumomab
tiuxetan is *°Yttrium which emits p-particles that are 5 times more energetic than I-131 and has potentially better tumor
mass penetration. However, in agreement with our current findings, the results of a Phase 2 clinical trial by Jain et al of
%*Y.ibritumomab tiuxetan in 13 patients with relapsed CLL showed low response rate and increased hematologic
toxicity.> The response rate (15%) is significantly lower than that seen in other NHL.>* Grade 3 or 4 hematologic
toxicity was seen in 92% evaluable patients in this trial with prolonged durations until recovery.

Myelosuppression is the major dose-limiting toxicity of *°Y-ibritumomab tiuxetan therapy and patients with sig-
nificant bone involvement are excluded from clinical trials to prevent radiation of neighboring normal stem cells and
prolonged myelosuppression.>'> As shown in Table 1 and Table 2, the patients included in this case series all
experienced profound myelosuppression. However, our patients did not have significant pre-treatment bone marrow
involvement but developed grade 4 thrombocytopenia. This indicates that bone marrow involvement is not the only risk
factor for hematological toxicity after °*Y-ibritumomab tiuxetan treatment. We think that the low expression of CD20 on
the surface of CLL/SLL B-cell are likely the cause of the low efficacy. It is also possible that the low number of CD20
sites in these patients led to increased *°Y-ibritumomab tiuxetan in circulation and bone marrow thus increasing the
incidence of myelosuppression.

Furthermore, it is important to acknowledge the absence of therapy-related acute myeloid leukemia (AML) or
myelodysplastic syndromes (MDS) in any of the five patients in this case series, which has been a known concern in
previous studies investigating 90Y-IT.'® For instance, Czuczman et al reported a therapy-related MDS or AML devel-
opment rate of 2.5% (19 out of 746 patients) during a median follow-up of 4.4 years, with annualized rates of 0.3%
per year after diagnosis of non-Hodgkin lymphoma (NHL) and 0.7% per year after treatment.'® Considering the low rate
of MDS/AML development, the absence of such cases in our study can likely be attributed to the small sample size.
Additionally, it is worth noting that the majority of previous studies on 90Y-IT primarily included patients with follicular
lymphoma.'® In the study by Czuczman et al, 66% of the 746 patients had follicular lymphoma, while 9% had SLL and
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Table | Patient Characteristics and Treatment Outcomes

Patient No. | 2 3 4 5

Diagnosis CLL SLL SLL SLL CLL

Sex/age M/66 M/48 F/60 M/69 M/59

ECOG status 0 0 0 0 |

Lines of treatment pre-RIT 3 | | 4 9

Response P SD SD PD PD

Bone marrow involvement pre-RIT (%) 0 <50 15 5-10 <l

MDS or AML post RIT N N N N N

Time from diagnosis to treatment (Months) 160 10 33 131 80

Time from treatment to relapse (months) 2 I 6 3 2

Death at last follow up Y N N Y Y

Time from treatment to death (months) 12 NA NA 5 7

FISH pre-RIT Dell3q (16%), del Dell3q (81%) Dell3q (10.5%), del Not available 17.5% del
17p (36%) 17q (17.5%) I1q (17.5%)

Notes: This table provides a comprehensive overview of the patient characteristics and treatment outcomes in the context of Yttrium-90 Ibritumomab treatment.
Abbreviations: AML, Acute myeloid leukemia; FISH, Fluorescence In Situ Hybridization; M/F, male/female; MDS, myelodysplastic syndromes; P, progression; PD, progressive
disease; PR, Partial response; RIT, radioimmunotherapy; SD, stable disease.

Table 2 Patient’s Hematologic Parameters and Recovery Post-Yttrium-90 Ibritumomab
Tiuxetan Treatment

Patient No. | 2 3 4 5
Plt nadir (x10°/L) 22 16 4 109 |4
Time to PLT recovery (day) 190 24 217 65 12
ANC nadir (x10%/L) 0.2 0.3 0.5 416 | 04
Time to ANC recovery (Day) 65 58 231 NA 77
Hgb nadir (x107/L) 8.7 9.2 8.1 9.7 10.2
Nonhematologic adverse events Generalized weakness, None | None | None | None
shortness of breath,

Notes: This table presents the nadir values for platelet count, and hemoglobin levels in patients following 90Y-IT
treatment, along with the corresponding time taken for recovery. The nadir values represent the lowest recorded
levels of platelets, ANC, and hemoglobin observed post-treatment. Recovery time indicates the duration required
for the respective blood parameters to return to normal. The table also highlights the absence of any hematologic
adverse events, indicating the absence of treatment-related complications in these parameters.

Abbreviations: PLT, platelet; HGB, hemoglobin; ANC, absolute neutrophil count.

16% had transformed lymphoma.'® Moustafa et al also demonstrated the effectiveness of 90Y-IT as a single-agent
regimen for low-grade follicular lymphoma, with an ORR of 100% in untreated follicular lymphoma and 93% in relapsed
follicular lymphoma.'” Given the predominance of follicular lymphoma patients in previous studies investigating the
effect of radioimmunotherapy (RIT) on NHL,'”"'® the lower ORR observed in our study among CLL/SLL patients treated
with 90Y-IT further emphasizes the significance of reporting this case series and the distinctive response pattern observed

within this specific subgroup. While our case series provides valuable insights, it is important to acknowledge that the
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small sample size of only five cases presents a limitation for achieving statistically significant results and may not allow
for comprehensive generalization of these findings to the broader population.

In conclusion, although *°Y-ibritumomab tiuxetan has shown to be effective therapy for NHL, its use in patients with
CLL/SLL led to significant myelosuppression and was of limited efficacy. This likely related to the dim expression of
CD20 on CLL/SLL cells as compared to other NHL that responds well to treatment with **Yttrium ibritumomab tiuxetan.

Ethics Statement

All five patients provided written informed consent to publish their case details. All patient information has been de-
identified to maintain confidentiality. The Mayo Clinic Institutional Review Board, in accordance with the Declaration of
Helsinki and the Health Insurance Portability and Accountability Act guidelines of 1996, approved the study.

Disclosure
Dr Han W Tun reports grants from Acrotech Biopharma, during the conduct of the study. The authors report no other
conflicts of interest in this work.
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