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Background: Breast cancer (BC) represents the most frequent female malignancy worldwide, and one of the rare, however life-
threatening, complications after oncological treatment is acute myeloid leukemia post cytotoxic therapy (AML-pCT). Moreover, most
AML-pCT cases have contributed to previous BC cytotoxic therapies. The treatment approach for AML-pCT in BC survivors with an
active second BC represents the challenging decision-making process that is described in this report.

Results: A 48-year-old woman was diagnosed with invasive lobular carcinoma of the right breast (T2NOMO, BRCA! negative) and
successfully treated with breast-conserving therapy, adjuvant radiotherapy, and hormone therapy. Seven years later, she was diagnosed
with ductal carcinoma in situ in the left breast, and unexpectedly, directly before the surgery, with leukocytosis, anemia, and
thrombocytopenia. Hematological investigation revealed a diagnosis of AML-pCT (intermediate ELN2022 risk group). After
a management conference involving both oncologists and haematologists, conserving surgery of the left breast (pTis, pNX) was
performed. Seven days later the patient started intensive antileukemic treatment with “3+7” induction chemotherapy, followed by two
consolidation chemotherapies, which resulted in complete remission (CR) of leukemia with negative measurable residual disease.
Despite a high hematopoietic cell transplantation comorbidity index score (due to a previous neoplasm), the patient qualified for
allogeneic hematopoietic cell transplantation (alloHCT). The procedure was performed using myeloablative conditioning with
a matched unrelated donor. Currently, 3 years post-alloHCT, the patient remains in CR for all three neoplasms.

Conclusion: In this case report, we describe the therapeutic success of intensive alloHCT in AML-pCT patient with active BC. The
presented treatment approach for active BC and AML-pCT requires collaboration between oncologists and hematologists to ensure fast
decision-making.
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Introduction

Breast cancer (BC) represents the most frequent female malignancy worldwide, with the highest oncological mortality."
Approximately one in eight woman will develop BC in the duration of her life.? One of the rare, however life-
threatening, unintended complications of BC treatment is acute myeloid leukemia post cytotoxic therapy (AML-pCT),
which can occur after the use of successful primary cancer radiotherapy, chemotherapy or poly-ADP-ribose polymerasel
(PARP1) inhibitors.**

AML-pCT constitutes 20% of all acute myeloid leukemias and represents a subtype with a poor prognosis, with an
estimated overall survival of 7-10 months and a complete response rate of 30%.>’ The disease is characterized by
adverse genetic abnormalities and a complex karyotype. Genes involved in the pathogenesis of AML-pCT can be
grouped into functional classes: epigenetic regulators (ASXLI, DNMT3A, EZH2, IDHI/IDH2, TET2), transcription
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regulators (RUNX1, TP53), signaling pathway regulators (FLT3) and RNA spliceosome machinery regulators (SRSF2,
SF3B1, U2AFI).® Genomic instability may lead to emergence of aggressive subclones and treatment resistance.” The
only curative treatment option for AML-pCT is allogeneic hematopoietic cell transplantation (alloHCT).

BC represents the most frequent solid tumor contributing to AML-pCT.'” About 5% of all BC patients possess
germline BRCAI mutations.'"'? Of note, among AML-pCT after BC, germline mutations were noted in 21% and most
commonly detected within BRCAI, TP53 and BRCA2 genes."® In one study, myeloid neoplasms were diagnosed in
0.6-1.8% of BC survivors, occurring 5-10 years after BC diagnosis.'* Within BC survivors, the most common second
neoplasm is the subsequent contralateral breast cancer (CBC)."

On the grounds that the occurrence of AML-pCT post BC is estimated to grow worldwide, we propose and discuss
a challenging and successful therapeutic strategy for AML-pCT with concomitant active BC, as illustrated by the history.

Case Report

A 48-year-old caucasian woman with hypothyroidism (family history of BC in mother) was diagnosed with invasive
lobular carcinoma (ILC) (T2 NO MO) of the right breast in 2014 (positive for estrogen and progesterone receptors,
negative for HER2 receptors). She was treated surgically with breast-conserving therapy (BCT) and sentinel node biopsy
(SNB), with subsequent adjuvant radiotherapy (52.5 Gy, 6 MV photons) and hormonotherapy. Genetic testing of
germline BRCA 1 mutations yielded negative results. After treatment, the ILC BC remained in remission, and the patient
was under the care of an outpatient oncological surgical clinic (Figure 1).

Seven years later (07.2021), routine mammography revealed microcalcifications in the left breast (BI-RADS: 4B).
Physical examination of the breast and axillary region revealed no clinical findings. A biopsy of the suspected area
(08.2021) revealed ductal carcinoma in situ (DCIS) with comedo necrosis and high nuclear atypia (negative for both
estrogen and progesterone receptors, positive for androgen receptors). Based on the aforementioned results, the patient
was primarily qualified for oncological treatment with surgery and adjuvant radiotherapy of the left breast.

Unexpectedly, a peripheral blood count performed on the day of admission to the surgical ward (09.2021)
revealed high leukocytosis (> 163 x 10°/L), anemia (4.4 mmol/L), and thrombocytopenia (39 x 10°/L) (Table 1).
The patient was in a good general condition without any symptoms or complaints. Therefore, she was transferred
to the hematology department, where bone marrow aspiration revealed AML-pCT diagnosis with the presence of
80% myeloblasts. Molecular biology results revealed negative results for the following markers: CBFB::MYHI11
and RUNX1::RUNXI1TI fusion genes, FLT3-TKD, FLT3-ITD, NPMI, BCR-ABL and TP53 mutations (in classical
karyotyping, metaphases were not analyzable). Considering the above-mentioned results, the disease was classified
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as an intermediate genetic risk subgroup (European LeukemiaNet 2022 stratification), and the patient’s Charlson
Comorbidity Index (CCI) score of 3 points (due to the presence of a previous neoplasm).

At this point, during a management conference between hematologists, oncologists, and surgical oncologists,
intensive treatment with subsequent alloHCT versus palliative treatment for AML was discussed. For a DCIS, surgery
was the most reasonable option. This was mainly due to the small tumor size (limited to a cluster of microcalcifications)
and negative receptor status, which translated into a lack of justification for changing hormonal treatment (the patient was
already receiving hormonal treatment because of a previous BC).

AML-pCT represents a life-threatening condition requiring urgent treatment. Importantly, at this moment, the only curative
treatment option, alloHCT, was not possible because of active secondary BC. However, the abandonment of BC treatment
may lead to rapid BC progression, which significantly worsens prognosis. On the other hand, early BC that has not spread
beyond the breast or axillary lymph nodes can be completely cured with the rapid implementation of surgical treatment.

Finally, conserving surgery for BC was performed (10.2021), without sentinel node biopsy (low risk of DCIS
progression according to imaging results). Importantly, as part of the preparation for BC surgery, the AML-pCT patient
received hydroxycarbamide and required platelet and red blood cell transfusions (Table 1). Microscopic examination of
the removed breast tissue did not reveal any further cancer cells; therefore, the diagnosis of DCIS was confirmed (pTis,
pNx). At this stage, the patient did not require adjuvant BC therapy (Figure 1). When the platelet count reached >30 G/1
the wound healed properly, without complications.

The patient was transferred to the hematology ward, and 7 days after surgery, intensive treatment with induction “3
+7” chemotherapy consisting of daunorubicin and cytarabine (10.2021) was initiated (Table 1). The neutropenic period
was complicated by probable invasive fungal disease (suggestive of chest CT scans); thus, voriconazole was implemen-
ted and resulted in improvement. Bone marrow examination after induction chemotherapy revealed complete remission
(CR) of AML-pCT, with negative minimal residual disease (MRD), as measured by flow cytometry. Two consolidation
therapies with high doses of cytarabine were implemented (12.2021, 01.2022) (Figure 1). The post-treatment bone
marrow MRD remained at 0.000%.

Since the patient did not have a matched sibling donor, she qualified for alloHCT from an unrelated donor and
was admitted to the transplantation unit (05.2022). Her age-adjusted hematopoietic cell transplantation comorbid-
ity index (HCT-CI) score was 4. Myeloablative chemotherapy, consisting of busulfan and fludarabine, was
introduced as a conditioning regimen before alloHCT. A stem cells infusion from 10/10 HLA-matched unrelated
donor was performed (06.2022) (Figure 1). ATG, methotrexate, and cyclosporine were administered for the graft-
versus-host disease (GVHD) prophylaxis. Neutrophil recovery (>0.5 G/ ANC) occurred on day +14 after infusion.
A neutropenic period was complicated by Escherichia coli sepsis and oral mucositis. The patient’s condition
improved after a standard empirical antibiotic therapy consisting of meropenem and colistin. She was discharged
from the transplant unit (July 2022) in good general condition, without any symptoms or complaints. Three years
after alloHCT, she remains under outpatient care in CR of AML-pCT, with 0.000% MRD and no symptoms of
GVHD. Genetic testing of germline BRCAI, PALB2 and CHEK2 mutations yielded negative results. Importantly,
the patient was also in the remission for both BCs (ILC in the right breast and DCIS in the left breast).

Discussion
We have described a successful therapeutic approach in the case of AML-pCT following primary BC with an
active second CBC based on surgical CBC excision with subsequent rapid implementation of intensive AML-pCT
treatment with alloHCT.

The presented case highlights the importance of close collaboration between hematologists, oncology surgeons, and
oncologists in order to engage in proper individualized therapeutic decision-making.'®

In this report, already existing indexes to evaluate the patient’s condition (eg CCI, HCT-CI) were not supportive, as
they do not have regard for the presence of two active neoplasms but only for the history of treatment of any neoplasm.

Notably, the AML-pCT diagnosis did not disqualify the patient from surgical treatment; however, appropriate patient
preparation before surgery was required. As AML-pCT represents a life-threatening condition that should be treated
immediately, minimally invasive surgery ensuring fast recovery and wound healing for patients is recommended.

Breast Cancer: Targets and Therapy 2026:18 https: 3



:sdyyy

81:9707 Adesay) pue s193.ue| :49dURD) ISeaUg

Table | Laboratory Parameters in Different Moments

2021)

Date Laboratory Parameters (Reference Range)
WBC NEU LUC HGB PLT LDH: CRP Creatinine AST ALT
4-10 (1.8-7.0 (0-0.4 (7.45-10.0 (130-390 | (120-246 (0-5 (55-115 (<35 (<45
Gil) Gll) Gll) mmol/l) Gll) U/L) mg/L) umol/l) uiny uin)
AML-pCT post BC diagnosis (September |6th 2021) 163.3 1 27.3 1 3631 44 | 39| 1467 1 26 1 74 41 1 44
Breast Conserving Surgery (October 4th 2021) 58.3 1 8.1 1 154 1 6.9 | 57 | 727 1 551 56 20 31
AML intensive chemotherapy implementation (October | Ith 2751 2.6 801 58] 73 | 584 1 57 1 56 22 28

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AML, acute myeloid leukemia; AML-pCT, AML post cytotoxic therapy; BC, breast cancer; CRP, c-reactive protein; DCIS, ductal carcinoma in situ; HGB,
haemoglobin; LDH, lactate dehydrogenase; LUC, large unstained cells; NEU, neutrophils; PLT, platelets; WBC, white blood cell.
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Patients with multiple neoplasms and BC in both breasts should be considered for genetic testing for inherited cancer
risk."”” Among BC survivors with harmful BRCAI and BRCA?2 variants, the risk of CBC is increased.'® Importantly,
BRCAI, BRCA2, and TP53 cancer susceptibility mutations were found in 17% of patients with myeloid neoplasms post
cytotoxic therapy (including AML-pCT), contributing to leukaemogensis.'® In a study with AML-pCT following BC
cytotoxic therapy, 20% of patients had BRCA1, BRCA2, or TP53 mutations. "’

The CBC risk for BC survivors was elevated when lobular morphology of primary BC, with a tumor size >2 cm and
negative estrogen HER2 receptors, was present.'> Myeloid leukemia was observed more frequently when BC was treated
with chemotherapy, and the risk of CBC was lower for patients undergoing hormonotherapy.'> Thus, according to the
above study, our patient exhibited risk factors for CBC. Importantly, there is growing need for early BC detection and
for BC treatment tailored based on molecular profiling, because it may prevent cytotoxic treatment for early-stage BC°
and further lower the risk for developing AML-pCT post BC.

Among BC survivors who received cytotoxic therapy and with the occurrence of cytopenias who were referred for
hematological check-up, every third patient was diagnosed with AML-pCT.?' In another study, Caucasian BC survivors
had an increased risk of developing AML-pCT.?* Thus, BC survivors after cytotoxic therapy, particularly BC patients
with germline cancer susceptibility mutations, should undergo regular hematological screening.

Nowadays, first-line intensive treatment of AML-pCT relies on CPX-351 chemotherapy, which significantly improves
OS when compared to “3+7” chemotherapy: 5.96 versus 9.33 months.> Importantly, three-year OS among alloHCT
recipients after CPX-351 versus “3+7” chemotherapy was 56% versus 23% respectively.”* Emerging treatment for AML
patients eligible for intensive therapies seems to be venetoclax combined with intensive chemotherapy as a frontline
therapy, which is evaluated in ongoing clinical trials (NCT05177731, NCT04628026).%°

The patient signed written informed consent to participate in a study (approval no. 1040/19, Bioethics Committee of
Poznan University of Medical Science) conducted in accordance with the Declaration of Helsinki. Limitations: (1) for
cancer susceptibility only BRCAI, PALB2 and CHEK?2 gene mutations were tested.

Conclusion

To conclude, with increasing numbers of AML-pCT and active secondary neoplasms, we encourage hematologists and
oncologists to have close collaboration in order to make fast and proper decisions. Patients with multiple neoplasms
should undergo expanded genetic testing. AML-pCT post BC with active second CBC can be successfully treated with
surgical excision of the CBC and rapid implementation of intensive leukemia treatment with subsequent alloHCT as the
only curative modality. Decision-making frameworks for multiple neoplasms treatment approaches should be developed.

Abbreviations

alloHCT, allogeneic hematopoietic cell transplantation; AML-pCT, acute myeloid leukemia post cytotoxic therapy; ANC,
absolute neutrophil count; BC, breast cancer; BCT, breast-conserving therapy; CBC, contralateral breast cancer; CCI,
Charlson Comorbidity Index; CR, complete remission; DCIS, ductal carcinoma in situ; ELN2022, European
LeukemiaNet 2022 stratification; GVHD, graft versus host disease; HCT-CI, hematopoietic cell transplantation comor-
bidity index; ILC, invasive lobular carcinoma; MRD, minimal residual disease; SNB, sentinel node biopsy.
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Written informed consent was obtained from the patient, and she agreed to publication of the details of her case. This
study and the publication of the case report were approved by the Bioethics Committee of Poznan University of Medical
Science (approval no.1040/19).
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