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SUMMARY

In the tyrosine kinase inhibitor era, the blast phase
of chronic myeloid leukaemia (BP-CML) renders an
uncommon presentation and has a poor prognosis
with an estimated overall survival below 20%. Mixed-
phenotype blast phase is even more infrequent,
presenting in 3.3% of these patients. Blast phase
manifests along haematological sarcomas, with
extramedullary activity in lymph nodes, skin and
bone. We report the case of a patient with an ovarian
sarcoma as an extramedullary presentation of
mixed-phenotype BP-CML refractory to conventional
treatment which responded to immunotherapy
against CD33 and CD19.

BACKGROUND

When treated with tyrosine kinase inhibitors
(TKIs), chronic myeloid leukaemia (CML) usually
has a good prognosis and an overall survival akin
to that of the general population. CML may
manifest as chronic, accelerated or blast phase.
Blast phase is defined by greater than 20% blasts
in peripheral blood or bone marrow, or the pres-
ence of an extramedullary proliferation.' Even
with TKI treatment, 1%-1.5% of patients will
develop BP-CML, worsening the prognosis.” The
overall survival of BP-CML drops from 72.5% to
2% at 48 months compared with chronic phase
patients treated with a third-generation TKI after
failing the first-generation or second-generation
therapy.® Seventy percent of the blast crises are
myeloid. However, sequential lymphoblastic and
myeloblastic crises are common. Blasts with prim-
itive or heterogeneous expression, or antigens of
ambiguous lineage have been reported in these
patients. Mixed-phenotype BP-CML represents
approximately 3% of all blast crisis." Extramed-
ullary crises are reported in 4%-15% of CML,
with lymph nodes, skin and central nervous
system being the most frequently affected sites.
Nevertheless, mixed-phenotype blast crises have
been described in fewer than 20 cases in the
last 25 years.! * The treatment for blast crisis is
similar to that of acute leukaemia, with inten-
sive chemotherapy regimens. In relapsed and/
or refractory acute leukaemia of lymphoid and
myeloid lineages, immunotherapy with blina-
tumomab and gemtuzumab-ozogamicin is used
accordingly.’™”

CASE PRESENTATION

A 28-year-old woman without relevant medical
history presented at our clinic in November 2015
with leucocytosis (245.300 x 10°/L; 7% blasts in
peripheral blood). She was diagnosed with CML.
The lactate dehydrogenase level was 2060 U/L.
Bone marrow was reported as hypercellular without
blast infiltration. Her karyotype was complex with
46 XX,+ins(15;3)+iso(17). BCR/ABL was positive
in 129%.

The patient started imatinib 400 mg/day with
BCR/ABL maximum response of 40% after 6
months of treatment. Therapy was switched to
dasatinib with no response after 6 months. Nilotinib
400 mg/day was then started. In October 2017, she
developed neutropenia and thrombocytopenia,
with 25% blasts in bone marrow. Immunopheno-
type demonstrated two blast populations. The first
one was positive for CD19, CD10, CD34, and
TdT and negative for CD20, MPO and CD3; the
second population was positive for CD13, CD33,
CD34, CD117 and MPO. BCR/ABL was 91.540%.
Complex karyotype persisted: 46 XX, add(3)(q12),
ins(15;2)(q11.2;2)[17] 49, idem,+8,+14,+22[3];
the origin of the insertion on chromosome 15 could
not be identified. A diagnosis of mixed-phenotype
BP-CML was made.

Following the Augmented Berlin-Frankfurt-
Miinster regimen, intensive chemotherapy induc-
tion was started in November 2017 with nilotinib
400 mg/day as TKI. After the induction phase,
haematological response was achieved with no blasts
found in the bone marrow aspirate. Bone marrow
biopsy revealed persistence of BCR/ABL in 99.68%
and complex karyotype with 46 XX, add(3)(q12),
ins(15;2)(q11.2;2)[12]  49,idem,+8,+14,+22[7]
46,XX[1]. Mutational panel of ABL and BCR
was negative. Nilotinib was discontinued and the
patient was started on third-generation TKI with
ponatinib at 45 mg/day.

Due to several episodes of infections, including
influenza pneumonia that required inpatient
management and oseltamivir, and a second hospi-
talisation due to Clostridium difficile infection
requiring vassopresor therapy, intense chemo-
therapy could not be restarted and allogeneic
haematopoietic cell transplantation could not be
performed during the first semester of 2018. In April
2018, her BCR/ABL was 60.45%. In June 2018, she
arrived at the emergency department with abdom-
inal pain, haemoglobin of 103 g/L, while blood cells
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Figure 1 Images of adnexal mass on right iliac fossa. Detection of
adnexal mass on right iliac fossa by pelvic ultrasound (A) and CT scan
with inflammatory changes of the mesentery towards hypogastrium and
both iliac fossae with the presence of free fluid in the posterior cul-de-
sac (B, C).

(WBC) of 88 500 x 10°/L with left shift and platelets of 474
000 x 10°/L. CT scan showed an adnexal mass on her right iliac
fossa, which showed inflammatory changes of the mesentery
towards the hypogastrium and both iliac fossae (figure 1). Lapa-
roscopic biopsy revealed findings consistent with a granulocytic
sarcoma in the right ovary, with positive expression of MPO
and CD117 (figure 2). Fluorodeoxyglucose-positron emission
tomography (PET)-CT scan showed a left adnexal ovarian mass
with metabolic activity and an SUVmax of 5.52. Bone marrow
smear displayed 25% blasts of myeloid lineage.

In the setting of a second blast crisis with myeloid predom-
inance, the patient underwent intensive chemotherapy with a

Figure 2 Right ovarian adnexal tumour prior to laparoscopic removal.

7+3 regimen (cytarabine 100 mg/m?/day and daunorubicin 45
mg/m?/day). Failure to treatment was documented, with 12%
persisting blasts with positivity for CD10, CD19, HLA-DR and
TdT. BCR/ABL was 67.35%. There was no response on PET-CT.

Blinatumomab and hydroxyurea were started in August
2018. At the time, the patient had 89 000 leucocytesx 10°/L
with myeloid blasts and young myeloid forms in the periph-
eral blood smear. After the first week of blinatumomab, WBC
count dropped to 4000 X 10°/L and azacytidine and venetoclax
were added to the regimen. Bone marrow aspirate at the end of
the first cycle showed response on lymphoblastic lineage with
28% of myeloid blasts by immunophenotype. PET-CT showed
increased activity in left iliac fossa with an SUVmax of 6.7 and
diffuse activity in the axial skeleton. Molecular myeloid muta-
tions assessed by next-generation sequencing, which was not
available previously, revealed a Runt-related transcription factor
1 (RUNXT1) somatic-haematopoietic mutation.

TREATMENT

In September 2018, the importation of gemtuzumab-ozogamicin,
until then unavailable in Mexico, was achieved. The patient was
started on second cycle of blinatumomab in combination with
gemtuzumab 4.5 mg/day on the first, fourth and seventh day,
followed by cytarabine 3 g/m”® two times a day for six doses
starting at day 8. The patient had haematological toxicity with
neutropenic fever at the seventh day of the cycle secondary to
extended-spectrum beta-lactamases (ESBLs)-producing Esche-
richia coli bacteraemia. On the 14th day, she developed an upper
airway infection due to parainfluenza virus. At the end of the
chemotherapy regimen, response was documented with a bone
marrow smear and biopsy which showed no evidence of blasts
and a repeat PET-CT negative for activity (shown in figure 3).

OUTCOME AND FOLLOW-UP

With a third chronic phase achieved, an haploidentical stem cell
transplant from her brother was performed using cyclophos-
phamide, fludarabine and total body irradiation as conditioning
regimen and cyclophosphamide and tacrolimus as graft-versus-
host disease prophylaxis. At day +28 of transplant, BCR/ABL
levels were 0.001% and with a negative minimal residual disease

Figure 3  Evolution of extramedullary relapse of blastic-chronic
myeloid leukaemia activity by positron emission tomography (PET)-
CT. (A) Tumour observed on PET-CT on July 2018 after treatment with
cytarabine and daunorubicin (7+3). (B) Tumour observed after first
cycle of azacytidine 75 mg/m? for 7 days plus venetoclax ramped up
to 400 mg/day. (C) Cessation of tumour activity after treatment with
blinatumomab plus gemtuzumab plus high doses of cytarabine.
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of 0.009%. Karyotype was 46, XY[26] and the PET-CT was
negative for tumour activity. Five months after transplant, the
patient had extramedullary relapse which responded to donor
lymphocyte infusion, resulting in graft-versus-host disease. The
patient died 3 months later due to complications of pneumonia
in the setting of immunosuppression.

DISCUSSION

This publication features a rare case of BP-CML with mixed
phenotype and gonadal extramedullary activity, refractory to all
the TKIs currently approved for clinical use as well as intensive
chemotherapy. To our knowledge, this is the first case of treat-
ment with anti-CD19 and anti-CD33 combination therapy in
an adult. Recently, a paediatric case report of mixed-phenotype
acute leukaemia with this scheme was also published.®

The atypical presentation of CML at a young age with multiple
cytogenetic mutations as poor prognosis factors is remarkable
in this case. Additional mutations to Philadelphia chromosome
have been identified in 80% of patients, which progress to blast
crisis. These additional cytogenetic aberrations are described as
major or minor routes. Major routes include a second Philadel-
phia chromosome, trisomy 8, isochromosome 17q or trisomy 19,
which have worse prognosis with an estimated progression=free
survival of 50% compared with 90% in patients with t(9;22)
mutation alone.” A study of patients with clonal evolution after
a second-generation TKI demonstrated that those with complex
karyotype mutations have an estimated overall survival of 8
months compared with 43 months in those without a complex
karyotype mutation.'® Our patient presented with one major
route aberration (trisomy 8) in a complex karyotype scenario,
leading to poor prognosis since diagnosis. Later in the clinical
course of our patient, the presence of RUNX1 somatic muta-
tion was revealed; this mutation is commonly found in haema-
tological malignancies linked to disease progression and shorter
survival in CML and is strongly linked to its progression to blast
phase.''™" We believe that next-generation sequencing can help
with early detection of this mutation, allowing for a change in
the treatment or the surveillance in chronic or blast phase.

Extramedullary manifestations in CML are not rare; however,
our patient presented with an atypical site as a primary manifes-
tation of relapse. Gonadal or genital tract activity in CML has
only been reported in two other cases in literature. Although
gonadal or genital activity is unusual, the differential diagnosis
must be suspected in patients with myeloproliferative neoplasms
of extramedullary disease.'*'® Extramedullary disease in both
ovaries increased its complexity because of the abdominal
surgical emergency and the refractoriness of the remaining
disease to intensive chemotherapy and targeted therapy with a
BCL2 inhibitor plus an hypomethylating agent.

As the patient was refractory to multiple treatments, it
prompted us to look for a new high-efficiency therapeutic
strategy. Blinatumomab is a bispecific CD19-directed CD3 T-
cell engager antibody approved for relapsed/refractory acute
lymphoblastic leukaemia, which has been successfully used in
mixed-phenotype acute leukaemia under the reasoning that
mixed-phenotype blasts express CD19." In vitro studies show
remission in cells of patients with CML with myeloid blast phase
and RUNX1 mutation, due to the existence of aberrant CD19
expression in the RUNX1 mutation. In this case, the response
to an anti-CD19 was confirmed with CD19-chimeric antigen
receptor cells (CAR-T cells).'* Thus, the use of an anti-CD19
antibody was promising; however, the response was not optimal,
so a broader approach was required aimed at the myeloid lineage.

Gemtuzumab-ozogamicin is a monoclonal antibody directed
to CD33, a myeloid lineage marker, linked to calicheamicin. It
was the first antibody approved for myeloid leukaemia and was
initially used in refractory/relapsed acute myeloid leukaemia. It
was removed from market in 2010 and posteriorly reapproved
in 2017 for acute myeloid leukaemia as first-line or second-line
therapy with dose adjustment. Studies in relapsed/refractory
population showed an overall response rate from 26% to 33%.
We also found clinical reports of response in relapse of acute
myeloid leukaemia manifested as extramedullary activity.'®°
The use of two antibodies directed at myeloid and lymphoid
lineage in this setting was proposed to the patient, which led to
a successful therapeutic response allowing a subsequent haema-
topoietic stem cell transplantation. The haematological toxicity
with successful recovery observed with the synergic use of blina-
tumomab and gemtuzumab was similar to that expected from
the use of gemtuzumab ozogamicin alone. To our knowledge,
this is the first report of the synergic use of blinatumomab and
gemtuzumab for mixed-phenotype leukaemia and acute or blast
phase CML in an adult.

A report by Nicolini et al compared the overall survival of
patients with CML under allogeneic haematopoietic cell trans-
plantation versus third-generation TKI. They found that when
a chronic or accelerated phase was present, the prognosis was
better with TKI. Nevertheless, when the patient was in blast
crisis, the overall survival was noticeably better with transplanta-
tion.? This supports the idea of early transplantation when blast
crisis is identified so that the general conditions and accumulated
mutations are favourable.

Learning points

» Correct staging of chronic myeloid leukaemia is vital to
establish aggressive therapy in young patients with poor
prognosis.

» The use of new prognostic tools, such as next-generation
sequencing, is very useful for detecting additional mutations
to BCR/ABL that confer poor prognosis and that could require
changes in treatment, including early allogenic transplant.

» The importance of early allogenic bone marrow
transplantation in blast crisis is reaffirmed to avoid
deterioration in patients and to prolong overall survival.

» Although rare, extramedullary chronic myeloid leukaemia
relapse can be present as gonadal sarcomas.

» Blinatumomab and gemtuzumab-ozogamicin appear to
be safe and effective in patients with mixed-phenotype
leukaemia refractory to multiple lines of treatment even in
extramedullary activity.
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