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Older patients with acute lymphoblastic leukemia (ALL) have a poor prognosis,
with a 5-year overall survival rate of only 10%—20%. This is attributable to patient
comorbidities, poor performance status, and high-risk disease biology. The
prognosis for patients with relapsed/refractory (R/R) disease remains poor,
particularly for patients who are not candidates for therapies targeting CD19 or
CD22. Additional treatment options are needed for these patient populations.
The patient presented here is a 76-year-old man diagnosed with precursor B-cell
ALL with aberrant expression of myeloid markers and lacking significant CD19 or
CD22 expression. A 3-year remission was achieved with one cycle of CVP
(cyclophosphamide, vincristine, and prednisone) followed by 22 months of
maintenance DOMP (dexamethasone, vincristine, methotrexate, and 6-
mercaptopurine) prior to relapse. He was then treated with one cycle of
salvage CVP, which was complicated by a stroke resulting in hemiparesis.
Next-generation sequencing (NGS) was performed on the relapsed bone
marrow, which revealed the presence of an R132H mutation in the isocitrate
dehydrogenase 1 (IDH1) gene. He was subsequently treated with the IDH1
inhibitor ivosidenib and remained in a second remission for nearly 1 year. IDH1
mutations are presentin up to 14% of acute myeloid leukemia (AML) cases but are
also seen more rarely in ALL, particularly in cases involving aberrant expression of
myeloid markers. Ivosidenib has demonstrated efficacy in patients with IDH1-
mutated AML but has not been extensively studied in other hematologic
malignancies. This case demonstrates the role of NGS in revealing treatment
options in patients with otherwise limited available therapies.
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Introduction

Acute lymphoblastic leukemia (ALL) most commonly occurs in
children and younger adults; only 10%-15% of cases are seen in
adults aged 65 years or older. The prognosis for older adults with ALL
remains poor, with a 5-year overall survival (OS) of 10%-20% (1-5).
Factors contributing to this poor prognosis include the presence of
significant comorbidities, poor performance status, and high-risk
genetic features (1, 2, 4). Relapsed or refractory (R/R) ALL has also
traditionally been associated with a very poor prognosis, with median
OS ranging from 2 to 6 months and 5-year survival rates of less than
10% (6-10). Recently, blinatumomab and CD19-directed chimeric
antigen receptor (CAR) T-cell therapies have improved the outlook
for patients with R/R CD19+ disease, while inotuzumab ozogamicin
is an effective option for those with CD22+ disease (11, 12). However,
treatment options remain limited for patients lacking these markers.

The patient presented here is a 76-year-old man diagnosed with
Philadelphia chromosome-negative Ph(-) precursor B-cell ALL (B-
ALL) that was found to harbor a point mutation in the isocitrate
dehydrogenase 1 (IDHI) gene at relapse. A second complete
remission lasting nearly 1 year was achieved with one cycle of
salvage cyclophosphamide, vincristine, and prednisone (CVP)
followed by ivosidenib monotherapy. This case demonstrates the
utility of next-generation sequencing (NGS) in revealing treatment
options in patients with limited available therapies.

Case description

A 76-year-old man without a significant past medical history
presented to his primary care physician with the principal
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complaint of worsening dyspnea on exertion and fatigue.
Laboratory tests revealed pancytopenia with 10% circulating
blasts and he was admitted for further management. Vital signs
on admission were normal, and physical examination
was unremarkable.

A bone marrow biopsy was carried out on the day of admission,
and differential analysis of the bone marrow aspirate revealed 85%
blasts. Erythropoiesis and granulopoiesis were markedly decreased,
with adequate megakaryopoiesis. No significant dysplasia was seen.
Blasts accounted for 80.1% of cells on flow cytometric analysis and
expressed CD34, HLA-DR, and CD38. The blasts were nearly all
positive for terminal deoxynucleotidyl transferase (TdT) and mostly
positive for CD7, CD13, CD33, and the B-cell marker CD79a. A
subpopulation (17%) demonstrated low levels of expression of the
B-cell marker CD19. The blasts were negative for myeloperoxidase
(MPO) and for definitive T-cell markers. Tests for other B-cell
markers, including CD10, CD20, and CD22, were also negative
(Figure 1). Cytogenetic analysis demonstrated a diploid karyotype.
PCR analysis to detect the BCR-ABLI translocation was negative.
No additional genetic analysis, including testing for the Ph-like
signature or NGS, was performed at this time. Based on a
hematopathology review, the patient was diagnosed with a Ph(-)
acute leukemia expressing both B-lymphoid and myeloid markers.
Classification as Ph(-) B-ALL was favored at the time given the
strong expression of TdT and CD79a. Based on the European
Group for Immunological Classification of Leukemia (EGIL)
scoring system, 2.5 points were assigned for B lineage based on
the expression of CD79a (2 points) and TdT (0.5 points). Only 2
points were assigned for myeloid lineage based on the expression of
CD13 and CD33 (1 point each). The blasts lacked expression of

cMPO

Bone marrow aspirate smear (A, Wright-Giemsa stain, original magnification 1000x) shows blasts, and Bone marrow core biopsy (B, original
magnification 40x) shows hypercellularity and increased blasts (C, original magnification 50x). Flow cytometric analysis (D-F) shows the blasts co-
expressing CD34+/CD19+, TdT+/CD7+, partially CD79a and negative for MPO.
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other myeloid markers, including MPO, CDw65, CD14, CD15,
CD64, and CD117. Therefore, the leukemia did not reach the
scoring threshold of >2 points for myeloid lineage required to
meet the classification of a biphenotypic acute leukemia according
to this scoring system (13).

The patient was treated with CVP (cyclophosphamide 750 mg/
m? on day 1, vincristine 2 mg on day 1, and prednisone 100 mg on
days 1-5 of a 21-day cycle) as induction chemotherapy. A repeat
bone marrow biopsy after cycle 1 of CVP was 40% cellular with
trilineage hematopoiesis, erythroid predominance with 30% ring
sideroblasts, and no morphologic or immunophenotypic evidence
of leukemia. Maintenance therapy with DOMP (dexamethasone
10 mg/m” on days 1-5, 29-33, and 57-61; vincristine 2 mg on days
1, 29, and 57; methotrexate 20 mg/m2 weekly; and 6-
mercaptopurine 60 mg/m” daily) in 84-day cycles was then
instituted. Therapy was discontinued after the completion of eight
cycles, as the patient developed vertebral osteomyelitis caused by
methicillin-resistant Staphylococcus aureus (MRSA), which
responded well to antibiotics. A repeat bone marrow biopsy 3
months after discontinuing maintenance therapy demonstrated
dysgranulopoiesis and marked dysmegakaryopoiesis, with no
evidence of leukemia.

The patient remained in remission for an additional 11 months
but was diagnosed with relapse after surveillance laboratories
demonstrated new leukopenia with neutropenia. Bone marrow
biopsy revealed recurrent B-ALL, with flow cytometric analysis
notable for 11% blasts with a similar immunophenotype to the
blasts detected at diagnosis. The marrow was hypercellular (60%)
with dysmegakaryopoiesis, mild dyserythropoiesis, and 6% blasts on
morphologic assessment of the aspirate smear. Cytogenetic analysis
again demonstrated a diploid karyotype. The decision was made to
re-treat the patient with CVP as salvage therapy, given the long
duration of remission (approximately 3 years) achieved with CVP
followed by DOMP at the time of initial diagnosis. Following re-
induction with CVP, the patient suffered a cerebrovascular accident,
resulting in left-sided hemiparesis. Given the presence of myeloid
antigens on the leukemic blasts, a myeloid NGS panel was performed
on the relapsed bone marrow, which detected mutations in isocitrate
dehydrogenase 1 (IDHI) R132H, with a variant allele frequency
(VAF) of 43%, and serine- and arginine-rich splicing factor 2
(SRSF2) P95_R102del, with a VAF of 32%. Details regarding the
NGS panel methodology and results can be found in the
Supplementary Material. In light of the IDHI mutation, the
decision was made to discontinue CVP after one cycle and begin
therapy with 500 mg daily of the IDHI inhibitor ivosidenib.
Pancytopenia developed during the first few months of treatment
with ivosidenib, but blood counts subsequently normalized, except
for very mild anemia. The patient underwent a repeat bone marrow
biopsy approximately 3 months later, which showed no morphologic
or immunophenotypic evidence of persistent leukemia.

The patient responded well to treatment for 10 months, then
developed worsening pancytopenia with circulating blasts. A bone
marrow biopsy revealed dyserythropoiesis and dysgranulopoiesis
with 35% blasts. The blasts had a different immunophenotype than
the original blast population: they were notable for the loss of B-cell
markers CD79a and CD19 and were more consistent with a myeloid
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immunophenotype expressing HLA-DR, CD13, CD34, CD33, CD38,
CD58, CD81, CD7, CD117 (50%), and CD4. Cytogenetics revealed
an abnormal clone of cells with trisomy 21, and NGS revealed the
previously identified mutations in IDHI (VAF 41.9%) and SRSF2
(VAF 39.8%) along with an inactivating RUNXI (RUNX family
transcription factor 1) mutation (VAF 41.7%). This was felt to
represent either the evolution of the original acute leukemia or the
development of a new therapy-related AML. The patient was treated
with salvage azacitidine plus venetoclax, given the high complete
remission rates previously observed in IDHI-mutated AML patients
treated with this combination (14). Persistent disease was detected
after two cycles of therapy. The patient decided to forgo additional
treatment with ivosidenib or other salvage regimens since he did not
feel that receiving more leukemia-directed therapy was in line with
his goals of care. He subsequently decided to transition to hospice
care and died 2 months later. A timeline of events for this case is
presented in Figure 2.

Discussion

Mutations in IDHI occur in 7%-14% of AML cases and have
also been seen in a variety of other malignancies. In AML, these
mutations affect arginine residue 132 (R132) and interfere with
hematopoietic differentiation by increasing the production of
2-hydroxyglutarate.

2-Hydroxyglutarate induces a state of DNA hypermethylation
through inhibition of the DNA methyltransferase enzyme encoded
by the TET2 (tet methylcytosine dioxygenase 2) gene (15-19). The
IDH] inhibitor ivosidenib has demonstrated efficacy in patients
with IDHI-mutated AML in both R/R and frontline settings (20—
22). IDHI mutations are known to occur less frequently in ALL, and
IDHI-mutated ALL blasts often display aberrant expression of
myeloid markers (23-25). Ivosidenib has not been extensively
studied in patients with IDHI-mutated ALL.

The patient presented in this case study had limited treatment
options for relapsed leukemia owing to his age and lack of
significant CD19 or CD22 expression, and he was able to achieve
a second remission of nearly 1 year with one cycle of salvage CVP
followed by ivosidenib monotherapy. This case demonstrates the
potential of NGS to reveal additional therapies, particularly in the
context of relapsed disease or restricted care options.

There are unique aspects to this case that should be considered. It is
possible that the patient had underlying myelodysplastic syndrome
(MDS) prior to the ALL diagnosis that may have been masked by the
near-complete leukemic involvement of the bone marrow. The
dysplastic findings seen on bone marrow biopsies during the course
of therapy and the presence of additional myeloid mutations seen on
NGS are suggestive of an underlying clonal myeloid disorder. However,
these findings could also represent therapy-related changes, and
laboratory values prior to the leukemia diagnosis are not available to
determine if pre-existing cytopenias were present. If the patient did
have concurrent MDS, the IDHI mutation could have been present in
the ALL, MDS, or both. Though rare, ALL and MDS can be present
simultaneously and can be clonally related (26). Baseline samples were
not available for NGS after the IDHI mutation was detected at relapse,
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Diagnosed with Ph(-) B-ALL
with aberrant expression of
myeloid markers
21 Days | Received 1 cycle
of CVP
2 BMBx with CRi
2years | Received 8 cycles of
DOMP
BMBx with CRi
1 year Surveillance Relapse: BMBx with
11% blasts with same
immunophenotype as
21 days Received 1 cycle of at diagnosis
Developed CVA. selvage VE
NGS revealed
IDH1 Mutation A X, o
3 months Received ivosidenib monotherapy
BMBX
with CRi
BMBx with 35% 10 months Continued ivosidenib monotherapy
blasts with 8 otk :
myeloid eceived 2 cycles o
immunophenotype 2months azacitidine + venetoclax %
BMBx with
persistent disease
2 months Hospice Care

Died nearly 5 years after initial
leukemia diagnosis

Timeline of Events. Ph: Philadelphia; B-ALL: B Cell Acute Lymphoblastic Leukemia; CVP, Cyclophosphamide, Vincristine, Prednisone; BMBx, Bone
marrow Biopsy; Cri, Complete Response with incomplete count recovery; DOMP, Dexamethasone, Vincristine, Methotrexate, 6- Mercaptopurine;
CVA, Cerebrovascular Accident; NGS, Next Generation Sequencing; IDH1, Isocitrate Dehydrogenase 1. Created with BioRender.com

FIGURE 2

which would have helped to further clarify the clonal evolution of the
disease. This also raises the question of whether the original leukemia
truly represented a mixed-phenotype leukemia as opposed to Ph(-) B-
ALL. Based on the updated 2022 World Health Organization (WHO)
classification, the acute leukemia present at diagnosis in this case does
not strictly meet B lineage criteria. In the context of weak (<50%) CD19
expression, B lineage criteria would require two or more of the
following to be strongly expressed: CD10, CD22, or CD79a. Of these
three markers, only CD79a was expressed. The acute leukemia in this
case also does not meet myeloid lineage criteria (lack of MPO
expression or expression of monocytic markers CD11c, CD14,
CD65, or lysozyme) or T lineage criteria (no surface or cytoplasmic
CD3 expression). Based on this updated classification system, a
diagnosis of acute leukemia of ambiguous lineage (ALAL) not
otherwise specified (NOS) would be favored if the patient was
diagnosed today (27). Notably, the 2022 WHO system also stresses
the importance of molecular classification. NGS was not performed at
diagnosis, but IDHI and SRSF2 mutations were present at both the first
and second relapse and may have been stable mutations from the initial
neoplastic clone. Neither of these mutations is AML defining, but they
are more commonly associated with myeloid neoplasms, with SRSF2
now defined as a myelodysplasia-related gene mutation. This is a
further indication of a myeloid component in the disease process, as is
the eventual development of AML. It is also notable that a bone
marrow biopsy was not carried out following treatment with salvage
CVP to determine whether or not remission was achieved prior to
starting ivosidenib. Despite this, the fact that the patient remained in a
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second remission for nearly 1 year on targeted ivosidenib monotherapy
remains significant.

This case represents an example of NGS being used to select a
targeted therapy in a patient in whom available treatments were
otherwise limited. This strategy is being increasingly adopted to
expand treatment options for patients with hematologic malignancies
as our understanding of molecular pathogenesis increases, along with
the development of therapies that target specific molecular
derangements. A new targeted therapy is often initially validated in
the context of a molecular alteration that is known to occur in one
specific disease. Expanding the targeted therapy to other diseases
requires additional study to determine if the molecular alteration
remains predictive of response in different disease states. This
patient’s clinical course raises the question of whether ivosidenib
may have therapeutic efficacy in IDHI-mutated acute leukemias
other than AML, including mixed-phenotype acute leukemias,
ALAL, or ALL. Further studies would be needed to establish IDH1
mutations as a predictive biomarker for response to ivosidenib in these
disease states prior to recommending routine IDHI mutation analysis
or ivosidenib therapy in this patient population. This could be done
with basket trials for ivosidenib in IDHI-mutated acute leukemias.

Patient perspective

The following perspective was provided by the patient’s
daughter, who was a primary source of support for the patient
throughout his treatment:
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“He tolerated the ivosidenib therapy well. This medication did
not cause any significant complications, and he felt well overall
while taking it. This medication was more tolerable than
chemotherapy, and he appreciated being on a targeted therapy
that was easier to take and caused fewer side effects.”
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