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Abstract: Chronic lymphocytic leukemia (CLL) can experience histological transformation to a more aggressive lymphoma called
“Richter’s transformation”. This transformation usually leads to diffuse large B cell lymphoma, though cases of T cell lymphoma have
been identified. Here we report an extremely rare case of ALK (anaplastic lymphoma kinase) positive anaplastic large cell lymphoma.
We performed detailed examination for this patient and reviewed related literatures to understand the transformation. Despite our best
effort, this patient passed away shortly. Literature review shows no consensus on treatment and poor prognosis of this condition. We
intend to report this case and explore novel treatment possibilities for these patients.
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Introduction

Chronic lymphocytic leukemia (CLL) is a disease derived from mature lymphocytes. It is the most common leukemia in
Western countries, but the incidence is lower in ethnic Asian population.' This disease tends to develop in senior adults;
however, increasingly more cases of early-stage CLL have been detected in younger patients. CLL mainly affects bone
marrow, peripheral blood, lymph nodes, spleen and liver. The tumor cells are monoclonal mature B cells, with a few
antigens expressed differently to normal B cells. For example, CD 20, CD22, and CD 79b can be downregulated while
CD5, CD23, CD43 are positive.” Despite similar clinical manifestation, CLL displays remarkably heterogeneous disease
progression. Some patients may experience years of slow disease progression and do not need treatment, while others
may have a rapid progressive course that leads to death 1-2 years after diagnosis.” The underlying reason for this, thanks
to the development of karyotype and sequencing techniques, has partially been discovered. CLL-IPI is a scoring system
used for predicting risk of CLL patients. It integrates clinical characteristics such as age, staging and f2-MG and gene
signature (ie, TP53 and IGHV mutation) to estimate prognosis. TP53-mutated and IGHV-unmutated status imply
a dismal outcome, between which, TP53 mutation plays a more important role. Patients harbor TP53 mutation have
a significant shorter survival, even with low variant allele frequency (VAF).*

Richter’s transformation refers to histological transformation that occurs in CLL patients, often sometime after
diagnosis, to a more progressive malignancy. These transformations usually go to diffuse large B cell lymphoma
(DLBCL) or Hodgkin’s lymphoma. In rare cases, T cell lymphoma can also happen.”'? We present a patient with
CLL undergoing Richter’s transformation to ALK+ ALCL (anaplastic large cell lymphoma). Literature review was
performed to analyze disease characteristics.
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Case

A 59-year-old female patient presented with lymphadenopathy in bilateral inguinal lymph nodes and underwent
incisional biopsy in August 2017. The complete blood counts of the patient were WBC (White blood cell) 5.56 x
10°/L, lymphocyte 4.60 x 10°/L, HGB (hemoglobin) 134 g/L, PLT 278 x 10°/L. p2-MG was 3.11 mg/L. The
histology revealed a dense infiltrate of monomorphic small lymphoid cells that were immunopositive for CDS5,
CD23, CD20, and BCL-2 but immunonegative for CD10, CD3, and Cyclin D1, with 15%+ Ki67 (Figure 1). Bone
marrow biopsy showed infiltration by monoclonal B lymphocytes, and a diagnosis of small lymphocytic lymphoma
(SLL)/chronic lymphocytic leukemia (CLL) was made. FISH (Fluorescence in situ hybridization) for TP53 was
1.8% (negative). A recommendation to watch and wait was made due to no indication of treatment. After 20
months, the patient revisited with low fever and night sweats, and the left axillary lymph nodes increased in size to
4x6 cm. A computed tomography (CT) scan showed multiple enlarged lymph nodes in the bilateral parotid glands,
axillary, mediastinum, retroperitoneum and bilateral inguinal area, with the largest one being approximately
7.4x4.5 cm. The complete blood counts at this point were WBC 7.44 x 10°/L, lymphocyte 6.21 x 10°/L, HGB
120 g/L, PLT 152 x 10°/L. B2-MG was 4.77 mg/L. Chromosome analysis (G banding) showed a complex karyotype:
45, XX, —13, del(14)(q 24), add(15)(p 13)[2]/46, XX, t(2; 10)(q 21; q 26), del(14)(q 24)[2]/46, XX[15]. FISH
results: ATM (1%) negative, P53 (11%) positive. Next-generation sequencing indicated TP53, LRP1B mutated and
IGHV unmutated. TP53 mutation: sitel, exon8, c.G818A:p.R273H 48.12%; site2, exon8§, c.G856A:p.E286K 16.97%,
with an SNP exon4:c.C215G:p.P72R 151042522 99.57%. LRP1B mutation: exon51:c.A8150G:p.D2717G 53.13%.
The patient was determined to be stage I for Rai staging and stage B for Binet staging. CLL-IPI scoring was 9,
indicating high risk.

Ibrutinib (420 mg once a day, administered orally) was prescribed. Subsequently, the enlarged lymph nodes gradually
subsided, and lymphocyte counts also returned to normal. CT examination in June 2020 showed major regression of lymph
nodes, with the largest one being 2.6x1.1cm. Liver or spleen enlargement was not observed. According to the response
criteria of iwCLL, the patient had achieved PR (partial remission), and nearly achieved CR (complete remission). However,

Figure | Infiltration of monomorphic small lymphoid cells in an inguinal lymph node biopsied at the first onset of disease. (A) H&E staining image (20%) showing that the
tumor cells had high nucleus-to-cytoplasm ratios and condensed chromatin. Immunohistochemistry images showing that the abnormal cells were positive for CD20 (B),
CD5 (C), and CD23 (D).
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in September 2020, 1 year after treatment initiation, the patient presented with a new left neck lymphadenopathy, including
multiple skin nodules that grew rapidly with redness on the skin surface, indicating a more aggressive disease course. CT
scan showed multiple bilateral nodules in the neck, clavicular region, armpit, and groin. Massive abdominal and pelvic
lymphadenopathies were observed. Multiple skin lumps were palpable on the bilateral breast and both sides of the trunk.
A core needle biopsy was performed on the left neck mass. Histological examination with light microscopy showed the
diffuse distribution of abnormal large cells and partial nuclear deviation. Immunohistochemical studies revealed that the
tumor cells expressed CD3, CD4, CD5, CD30, ALK, CD8 (individual +), perforin (scattered +), and granzymeB (a few +).
However, AE1/AE3, CD20, CD23, CD38, desmin, ERG, CD34, CD19, PAX-5, CD79a, and TIA were not expressed. Ki-67
showed 80% proliferation. These findings were consistent with ALK-positive anaplastic large-cell lymphoma (ALCL;
Figure 2). T-cell receptor (TCR) clonality studies were carried out due to the unusual presentation. TCR gene rearrangement
analysis showed TCRB VB+IB 2, DB+JB 1/2, and all of TCRG V as long as J genes monoclonal rearrangement. Flow
cytometric analysis of the bone marrow showed CD 19+, CD 5+ B cells accounted for 64.3% of all nucleated cells. CD 19,
CD 5, CD 20 dim, CD 23, CD 200, CXCR 4, and CD 22 were expressed, while CD 10, CD 7, Kappa, Lambda, CD 38, CD
34, CD 33, CD 138, CD 123, CD 15, CD 13, CD 25, CD 11 ¢, FMC 7, CD 79 b, CD 30, and CD 71 were not expressed,
which are abnormal phenotypic mature B lymphocytes. These findings were consistent with CLL. Consequently, the
diagnosis of ALK-positive ALCL combined with CLL was made. As the second tumor infiltrated lymph nodes over both
sides of diaphragm as well as skin and breast, it was determined to be stage IVB.

The patient was prescribed ibrutinib (420 mg per day) together with the CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) regimen. The lymph nodes regressed remarkably after chemotherapy, and the abnormal color
of the surface skin faded. The patient was in good spirits and had an appetite. Two weeks after the second chemotherapy
cycle, the patient experienced fatigue, anorexia, fever, and cough. She took anti-cold medicine at home and then suddenly
convulsed into a coma. She was taken to a local hospital for treatment but died the same night.

‘Q

Figure 2 Distribution of abnormal large cells with partial nuclear deviation based on the core needle biopsy of the enlarged left neck mass | year after first diagnosis. (A)
H&E staining image (20%) showing that these cells were pleomorphic with bent nuclei, pale chromatin, and prominent nucleoli. Inmunohistochemistry images showing that
the abnormal cells were positive for CD30 (B), CD4 (C), and ALKI (D).
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Discussion

CLL is a chronic hematopoietic malignancy involving B cells. It is believed that overt CLL is precedented by a stage
called monoclonal B lymphocytosis (MBL), in which the count of clonal B cells is fewer than 5 x 10%/L. In that stage,
patients may experience monoclonal B lymphocytosis, albeit without symptoms. In the case we report, the patient’s
monoclonal lymphocyte count did not reach the CLL criteria at first, suggesting that her CLL was at an early stage.
However, the malignancy eventually developed to overt CLL 2 years after first presentation.

CLL is indeed a heterogeneous disease. Lots of work has been done to identify high-risk patients, and to give them
appropriate treatment. Among various identified biomarkers, TP53 mutation is one of the most effective indicators for
distinguishing patient risk groups. Patients harboring TP53 mutations, 17p deletion or both have shorter time-to-first
treatment (TTFT), progression-free survival (PFS) and overall survival (OS)."* In addition, TP53 mutations are
associated with more chances of Richter’s transformation.'* These patients are resistant to traditional chemoimmunother-
apy (CIT)."> Besides, CIT may make clonal selection of TP53-mutated subclones. As in the case of the reported patient,
TP53 aberration was only detected in later reexamination. Two TP53 mutations, c.G818A and ¢.G856A, were found in
the patient. TP53 mutation ¢.818G>A leads to a single amino acid change (R273H) in the p53 protein. This mutation was
proposed to promote oncogenic gain-of-function activity by destabilizing p53 tetramer formation.'® R273H mutation can
also drive AKT signaling and suppress BMF expression, resulting in enhanced cell survivability and anoikis resistance.'”
Additionally, R273H mutation can promote colorectal cancer stem cells, which leads to enhanced cancer self-renewal,
tumor propagation and chemoresisitance.'® Despite being relatively well-characterized in other cancers, little is known
about the effect of this mutation in CLL."” Much less is known about the TP53 mutation ¢.G856A that also leads to
a single amino acid mutation (E286K) in the p53 protein. This mutation has been reported to decrease transactivation
activity in cultured cells,*® and was predicted to abolish p53 protein activity. C.C215G is an SNP of TP53, which leads to
single amino acid change of P72R. P72R is a common polymorphism. It does not impair p53 function, but could be
associated with cancer risk.”'

The presence of these mutations indicates that the patient was in high risk and requires novel treatment to control the
disease progression. Ibrutinib is a BTK (Bruton tyrosine kinase) inhibitor, which can irreversibly bind to BTK and inhibit
downstream activities, such as BCR (B cell receptor) and NF-kB signaling pathways.?? Ibrutinib offers superior disease
control compared to CIT in CLL patients bearing TP53 mutations, with an estimated PFS of more than 30 months.**

IGHV mutation is an essential step during B cell maturation in germinal center (GC). Consequently, IGHV mutations
may suggest the origin of B cells. It is believed that IGHV-mutated CLL derives from antigen-experienced B cells, while
IGHV unmutated CLL derives from GC-independent or pre-GC B cells.>* In traditional CIT settings, IGHV-unmutated
status correlates with worse clinical outcome.> With novel compounds such as BTK and Bcl-2 inhibitors, however, the
adverse effect of unmutated IGHV is eliminated.”® Since the reported patient had TP53-mutated and IGHV-unmutated
CLL, ibrutinib treatment was prescribed.

LRPI1B is a putative tumor suppressor gene, and its mutation status has been found to be associated with enhanced
cell proliferation and colony formation in various cancers.”® In CLL, whole exome analysis showed that LRP1B mutation
affected 5% of the patients, but its role is not fully understood.?’

CLL can undergo histological transformation during the course of the disease, also known as Richter’s
transformation.”® Typically, the transformation leads to highly malignant lymphomas such as diffuse large B-cell
lymphoma or Hodgkin’s lymphoma, with an associated incidence rate of 3—-10%.> However, transformation to ALCL
is very rare and, to our knowledge, has not been reported in China. To date, only 16 cases of post-CLL transformed ALK-
positive or ALK-negative ALCL have been reported worldwide. Here we review the literature on the development of
ALCL after CLL (Table 1). Patients with this kind of transformation have a median age of 61 (43—86 years) and a male-
to-female ratio of 9:8. The median time from CLL to the development of ALCL was 3.5 years (0—16 years). Despite
radiotherapy, chemotherapy, and immunotherapy of CD 30 monoclonal antibody, the median survival time was only 36
months (0—79 months). ALCL can appear in the same place as the CLL or in a different place. It can occur at the same
time as CLL®? or at some point after CLL.>"*"'? Additionally, ALCL can even appear in combination with other types
of lymphomas such as Hodgkin’s lymphoma.> ALCL after CLL commonly involves lymph nodes (13 out of 17 cases).
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Table | Summary of Patients Experiencing ALCL in the Presence of CLL

No. | Age Sex | Time from Involvement | Alk Immunochemistry Survival After Author Year | Treatment
(years) CLL to of ALCL Status ALCL Diagnosis
ALCL of ALCL
| 76 M 4 years Lymph nodes ALK- CD30+CD45RO+TIA-1+CD20-CD3-CDI5- N/A Van den Berg Anke 2002 | N/A
ALK-TARC- etal®
2 6l F N/A Spleen Unknown | CD3- CDI5 + /-CD30+ CD45RO+_CD45 N/A Nai et al® 1998 | No treatment
+EMA +
3 59 M 8 years Lymph nodes/ | ALK+ CD4 +CD30+CD45 +CD45RO+ALK +CD5- 2 months Liu et al’ 2010 | ICE
bone marrow CD8-EBER- chemotherapy
4 47 F 0 year (occur Lymph nodes ALK- CD2 -/+CD4 - /+CD23+CD30+CD43 Survival(time Persad & Pang4 2014 | R-EPOCH
simultaneously) +CD45-/+granzyme+CD3- CD5-CD8-ALK- unknown) +auto-HSCT
BFI-EBER-
5 56 F 0 year(occur Lymph nodes ALK+ CDS5 +CD30+ CD56 - /+ALK+EMA+perforin0 | |5 months free of Boyer et al® 2014 | R-CHOP
simultaneously) +granzyme + CD3- CD4-CD8- EBER- disease
6 66 F 0.7 year Lymph nodes/ | ALK+ CD4+CD5+CD7+CD30+CD45+ALK 7 months Boyer et al® 2014 | Cisplatin,
bone +perforin+ granzyme+CD3-CDB-EBER- etoposide,
cytarabine
chemotherapy
7 60 F 5 years Lymph nodes/ | ALK- CD2+CD3+CD30+CD43+granzyme+ perforin | 2 months Mant et al? 2015 | Palliative
bone marrow/ +CD4-CD5-CDB-CD56-ALK-EBER- therapy
peripheral
blood
8 44 M 2 years Lymph nodes ALK- CD2+CD30+CD3-CD4-CD5-CDB-ALK- | month Mant et al? 2015 | CHOP
granzyme-perforn-EBER- chemotherapy
9 86 M | year Nose ALK- CD4+CD30+CD43+granzyme+CD3-CD5- 3 months survival with | Mant et al® 2015 | No treatment
CD8-CD15-CD45-CD56-ALK-EBER- disease
10 64 M 8 years Lymph nodes/ | ALK+ CD4+CD30+CD43+CD45+ALK+ EMA 16 months without Mant et al? 2015 | CHOP HD-
ascites/CNS +perforin+granzyme+CD2-CD3-CD5-CD8- disease MTX
EBER- chemotherapy
I 63 F 8 years Lymph nodes ALK+ CD4-/+CD30+CD43+CD3-CD5-CD8-CD45- 10 months without Mant et al? 2015 | CHOP
CD56-granzyme-EBER- disease
(Continued)
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Table 1 (Continued).

No. | Age Sex | Time from Involvement | Alk Immunochemistry Survival After Author Year | Treatment
(years) CLL to of ALCL Status ALCL Diagnosis
ALCL of ALCL
12 43 M | year Testis, cheek ALK- CD7+CD30+Ki-67 90%+c-myc+, CD79a, CD2, | Die soon (specific Colling et al® 2016 | No treatment
mucosa CD4, CD8, TIA-1, Bcl-6 weak+, CD19, CD20, | time unknown)
CD5, CD10, CD56, TdT, CDé68, ALK, EBER-
13 56 M 7 months Lymph nodes/ | ALK+ CD30+ALK-1+CD2 weak positive, CD4+CD5 | N/A Beenu Thakral et al’ 2017 | N/A
bone marrow +CD45+CD43+CD3-CD7-CD8-CD | 5-Pax5-
14 77 F 4 years Lymph nodes ALK+ CD30 strong+MUM|+CD4 weak+, granzyme+, | N/A Van Der Nest Bianca 2019 | Mini-CHOP
perforin+, ALK strong+, CD45 weak+, CD20- etal'® chemotherapy
PAX5-CD79a-BOBI-OCT2-CD3-CD5-CD138
-BCL2-EBER-CD15-C-MYC-, CD34-, CDI17-,
TIAI-
15 74 M 8 years Lymph nodes/ | ALK- CD30+CD3+CD4+granzyme+CD2+CD5 3years Van Der Nest Bianca 2019 | Radiotherapy,
skin +CD7+TIAI| some+perforin+CD20-ALK |- etal'® CHOP,
EBER-CD8-BFI- R-CHOP
chemotherapy
16 66 M 16 years Skin ALK- CD30+CD4+CD43+CD2+CD7+TIA 4 years Van Der Nest Bianca | 2019 | Vincristine/
+granzymeB local+EMA scattered +CD20- etal' gemcitabine
CD45RO-CD3-CD5-CD8-CD56-ALK | - and
CD163-CD123-BCLI |A-CD2AP-CD3030- brentuximab
EBER-HHV8- vedotin
chemotherapy
17 59 F 3 years Lymph nodes ALK+ Expressing CD3, CD5, CD4, CD30, ALK, CD8 | | month This case Ibrutinib +
(some+), Perforin (scattered+), granzymeB CHOP
(some+), not expressing AEI/AE3, CD20, chemotherapy

CD23, CD38, Desmin, ERG, CD34, CD19, Pax-
5, CD79a, TIA, Ki67 (about 80%+) positive
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Extra nodal involvement such as bone marrow, testis, and skin may also occur simultaneously or individually. Eight out
of the 17 patients were ALK-positive, eight were ALK-negative, and one had unknown ALK status.

Whether CLL and ALCL develop independently or share a common cellular origin remains unclear. Clonality
studies with Ig rearrangement analysis on CLL and subsequent ALCL specimens indicated that the two tumors may
share the same origin, although they displayed completely different morphological and histochemical characteristics.’
Mature B lymphocytes have natural clonal markers. Under antigenic stimulation, each B lymphocyte forms a specific
IgH VDJ sequence by binding with numerous V, D, and J fragments. This specific VDJ rearrangement can be
inherited in all the descendants of that B cell. Therefore, it is possible to describe intra-tumor heterogeneity and infer
clonal evolutionary pathways by comparing the VDJ and IGHV patterns of tumor specimens. A retrospective analysis
of specimens from our patient revealed a clonal IGH sequence (TGTGCGAGACATAGGAGGTATTA
CGATTTTTGGAGTGGTTATTATCTGCCTGGTGCTTTTGATATCTGG) in an inguinal lymph node biopsy speci-
men taken upon the first diagnosis of CLL. Another clonal IGK sequence was also found: TGTCAGCAG
TATGGTAGCTCACCTCCGCTCACTTTC. Unfortunately, due to the insufficient puncture tissue from the left neck
mass, this test could not be performed to determine whether the ALCL tissue had the same clonal origin as the CLL
tissue. However, the IGH clonal rearrangements in the bone marrow specimens detected at the onset of ALCL were
identical to those observed at the time of CLL diagnosis, indicating that the tumor cells in the bone marrow of this
patient were the same population as the original CLL cells. Karyotype analysis of bone marrow showed t(2; 10)(q 21;
q 26) translocation in our patient. Given that the Alk gene is located on chromosome 2, this translocation may lead to
the upregulation of Alk and potentially leads to the occurrence of ALCL.

Treatment plan of second malignancies in patients with CLL should be carefully designed according to the
patient’s disease control and organ function. In settings of DLBCL transformation, it is recommended to test clonal
relationship of CLL and DLBCL."* If they are clonally unrelated (~15% cases), treatment as de novo DLBCL is
preferred. If they are clonally related (~85% cases), response to treatment is usually poor. However, in the ALCL
setting, there is no such consensus due to the rarity of this condition. ALK+ ALCL itself is a T cell lymphoma with
favorable prognosis (5-year OS 92.3% in a single-center study),” but patients’ survival become dismal in the CLL
background. This may partly due to compromised immunity, especially undermined T cell function in CLL.>*® Shared
genetic aberrations with CLL may also alter clinical and biological characterization of ALCL, similar to the clonally
related DLBCL.>! Due to unavailability of ibrutinib, patients reviewed did not receive it in CLL treatment. After
ALCL transformation, most of them received CHOP regimen chemotherapy, which led to dismal outcomes.
Remarkably, one patient received high-dose chemotherapy followed by autologous hematopoietic transplantation
(auto-HSCT) and achieved complete remission that lasted at least until the publication of the case.® However, high-
dose chemotherapy plus auto-HSCT brings greater risk of severe infection, especially in older subjects, which limits
its application in CLL patients. Brentuximab vedotin plus CHP chemotherapy is currently the front-line therapy of
ALK+ ALCL according to NCCN guidelines. One patient received vincristine/gemcitabine and brentuximab vedotin
(BV) chemotherapy.® His skin lesions got better but bone disease progressed. The patient survived for 4 years after
the diagnosis of ALCL. This case suggests that the addition of BV may bring some benefits.

Our patient received ibrutinib in combination with CHOP chemotherapy. After one cycle of CHOP, her enlarged
lymph nodes regressed significantly. Unfortunately, she died at home 3 weeks after the second round of chemotherapy.
Prior to death, the patient showed cold-like symptoms such as coughing and fever according to the relatives. No
postmortem was performed, and therefore the cause of death is unknown. Taken the patient’s age and chemotherapy
regimen into consideration, the death might be caused by infection after chemotherapy-induced neutropenia. Less
intensive regimens, such as dose-reduction CHOP might bring some benefit, but the outcome might still be poor
considering the disease courses of other reported cases. Adding BV into treatment regimen shows some promise, but
further investigation is needed before any conclusion can be drawn from the single case. In other similar cases, patients
typically die within a few months after diagnosis due to ineffective treatment. It is critical to learn from this experience
and to develop improved treatment plan for Richter’s transformation.
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