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Abstract

Acute myeloid leukemia (AML) is a common type of acute leukemia character-
ized by the abnormal proliferation and accumulation of primitive and naive my-
eloid cells in the bone marrow and peripheral blood. Chemotherapy and hema-
topoietic stem cell transplantation (HSCT) are effective treatments for acute
myeloid leukemia in hematology. However, some patients still experience re-
lapse after achieving remission, including bone marrow relapse and extrame-
dullary relapse. Extramedullary relapse of acute myeloid leukemia is more com-

Published: November 30, 2023 mon in the central nervous system (CNS), skin, and soft tissue. The pathogene-

sis of extramedullary relapse is not fully defined and is generally believed to be
related to abnormal cytogenetics, leukocytosis at diagnosis, male gender, total
body irradiation (TBI), and the condition at the time of transplantation. Cur-
rently, the optimal treatment strategy for extramedullary recurrence is contro-
versial. It is generally believed that locally performed combination therapies
such as surgery, chemotherapy, and donor lymphocyte infusion are the best
choice. Patients with extramedullary recurrence of acute myeloid leukemia have
a poor prognosis and shorter median survival.
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1.AML and extramedullary relapse.

AML is a disease of malignant clonal proliferation of myeloid precursor cells. The normal maturation of myeloid
cells in the bone marrow of AML patients is disturbed, leading to malignant diseases process characterized by ab-
normal proliferation and accumulation of primitive and naive myeloid cells in the bone marrow and peripheral blood,
and clinical manifestations of whole blood cytometer digital abnormalities, bleeding tendency, infection and fever,
some patients also have organ infiltration, metabolic abnormalities and other manifestations, a number of cases have
severe illness. AML is the most common type of acute leukemia in adults, accounting for 1.2% of all cancer deaths
[1].

Initial treatment for AML includes chemotherapy and consolidation therapy to induce remission of leukemic cells.
For high-risk patients, the choice of consolidation therapy is HSCT. Allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) is an effective treatment for AML by reducing the risk of relapse, and improving survival in
AML patients. Partial remission patients will still develop recurrent [2] after a period of time. Recurrence is the
main cause of treatment failure in AML patients.

Relapses included bone marrow relapse (BMR) and extramedullary relapse (EMR). EMR refers to leukemic cell
infiltration found in other tissues or organs other than the patient when the leukemia patient reaches remission after
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bone marrow [3]. It is estimated that about 3% to 5% of AML patients develop EMR [4, 5].
2. Common sites and clinical manifestations of extramedullary recurrence

EMR can occur in any part of the body, where CNS, skin, and soft tissues are the most common sites of EMR in
AML patients [6], known as "refuge"; when EMR involves multiple organs, it can show diffuse multiorgan involve-
ment. In some case reports, EMR including ocular [1, 7], cardiac [8], breast [9], thyroid [10], ovarian [11, 12], and
bone [13].

EMR patients have different clinical manifestations, and generally have recurrent symptoms such as swelling and
pain and systemic symptoms such as fever. Out shortly after the antileukemic treatment present relapse is called
early relapse and is most likely derived from highly resistant leukemic cells. Late relapse may arise from leukemic
cells within the extramedullary "refuge" that are less exposed to initial chemotherapy and remain sensitive to the
drug.

3. Diagnosis of extramedullary relapse in AML

The low incidence of EMR in AML patients and its imaging findings are usually similar to lymphoma, infection,
and secondary tumors that predispose to misdiagnosis or delayed treatment. EMR should be considered in the pres-
ence of new masses in patients with a history of acute leukemia [14].

The diagnosis of EMR takes pathological examination and clinical comprehensive judgment as the "gold stand-
ard", but this judgment method is more difficult for early diagnosis and monitoring. The biggest challenge of early
diagnosis of EMR lies in the diversity of recurrence sites, which leads to the diagnosis of EMR often waiting until
the patient has a large mass causing symptoms.

It has been shown that extramedullary infiltration of leukemic cells can be detected by 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) or 18F-fluorodeoxyglucose/computed tomography (FDG-PET/CT) [15-
17]. In addition, it has been shown that real-time qPCR for chimeric genes (e.g., AML 1-ETO) or WT I transcrip-
tional analysis can predict AML recurrent [18, 19], and EMR by minimal residual monitoring in peripheral blood
can predict EMR after allo-HSCT and distinguish between BMR and EMR [20, 21].

Moreover, other biomarkers in patients before relapse may also become a new method of EMR diagnosis. Fan
Ying et al. analyzed the marker changes before and after AML relapse, and found that leukocyte count, CD56, serum
lactate dehydrogenase (LDH) level, y-glutamyltranspetidase (y -GGT) level and immunophenotype all changed be-
fore and after relapse, providing a new idea for the auxiliary diagnosis and treatment of AML relapse [22].

4. The pathogenesis of extramedullary relapse

Currently, several studies have reported the risk factors for EMR, including abnormal cytogenetics, allo-HSCT
before and after patient status, with leukocytosis at diagnosis, male, receiving total body irradiation (TBI), and
extramedullary leukemia (EL) [23, 24]. However, the pathogenesis of EMR is not completely understood, and the
effects of cytogenetic abnormalities and graft anti-host disease (GVDH) on EMR have been widely studied.

The susceptibility to leukemia cytogenetic abnormalities may contribute to EMR, including high expression of
the nerve cell adhesion molecule CD56 body structure aberrations, such as t(8;21) (q22;q22. 1). Among them, CD56
is often highly expressed in AML patients with EMR. CD56 is widely expressed in various tissues, including the
nervous system, intestine, testis, ovary, and visceral smooth muscle, through homotropic adhesion mediates cell-
cell interactions, may participate in the homing of leukemic cells to the site of relapse and exert effects on the
interaction of leukemic cells with cells in other tissues [25].

Chromosomal aberrations occur t(8; 21)(q22; q22. 1) the RUNX 1/ RUNXI1T1 (AML 1 / ETO) fusion gene has
been a good prognosis subtype, but patients with this chromosomal abnormality are often accompanied by extrame-
dullary infiltration. Studies have shown that the fusion gene class is starch patients with increased expression of
amyloid precursor protein (APP) are more likely to develop extramedullary infiltration, which may be that increased
APP regulates cell migration through p-ERK / c-Myc / MMP-2 signaling pathway, leading to infiltration of leukemic
cells into extramedullary tissues [26].

It has been demonstrated that the graft-versus-leukemia (GVL) effect can prevent leukemia recurrence after trans-
plantation. Lee et al. suggested that the GVL effect had a lower effect on EMR than BMR, and when analyzing the
effects of acute graft-versus-host disease (a- GVHD) on BMR and EMR, a-GVHD had a significant effect on BMR,
but no similar effect on EMR [27]. Furthermore, by the chimera analysis of EMR patients, no donor cells were
detected at the relapse site. This finding suggests that allogeneic T cells cannot reach some parts of the body, the
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GVL effect is therefore unattainable, and may occur in EMR [28]. Mo et al. retrospectively studied a non-chronic
GVHD after transplantation as an independent risk factor for EMR, they believe that effective GVL facilitates better
clearance of extramedullary leukemia cells, c GVHD reduces the risk of EMR in patients receiving HSCT, and
development of GVHD after EMR treatment may help to achieve complete remission [29].

Acute leukemic class leukocytosis has been identified as a risk factor for CNS involvement. Leukocytosis was
also associated with an increased risk of EMR after allo-HSCT, possibly because the patients with leukocytosis have
higher tumor burden, which favors metastasis of leukemic cells to extramedullary tissue and infiltrating.

Some drug applications can also lead to the occurrence of EMR. Such as in the treatment of acute promyelocytic
leukemia (APL) of the pharmaceutical all-trans-retinoid acid (ATRA), and arsenic trioxide (ATO), since the pres-
ence of "shelter" causes the drug content of certain tissues and organs in APL patients to reach the concentrations
required for treatment, provide opportunities for the proliferation of leukemic cells, patients develop an EMR over
time. The pharmacological effects of both drugs themselves also promote the development of EMR, it has been
shown that ATRA and ATO can upregulate the expression of cell adhesion molecules in leukemic cells, promote cell
migration toward the extramullary periphery, Leading to the EMR [30].

5. Treatment and prognosis of extramedullary recurrence

For EMR patients, there is no standardized treatment strategy, and the optimal treatment strategy is still contro-
versial. Inpatients with relapse after allo-HSCT, the use of immunosuppressive agents should be adjusted to promote
the production of GVL effect; moreover, donor lymphocyte infusion (DLI) can be accepted induced GVL production
and treat recurrence. There are studies that indicate that radiotherapy targeting local lesions can achieve long-term
survival in some patients, but most patients still experience systemic recurrent [31]. Combination chemotherapy is
also commonly used in EMR patients, such as cytarabine combined with other drugs of chemotherapy is considered
as an effective method for the prevention and treatment of EMR [32, 33]. Cytokine-induced killing (CIK) cells,
stimulated by various cytokines invitro, can effectively target and inhibit leukemia cells and specifically remove
human peripheral blood cells in vivo nuclear cell. EMR, presenting as solid tumors such as the myeloid sarcoma,
can also be treated by surgical resection. However, for leukemia patients, the risk of bleeding and infection caused
by surgery is high, so only a few patients can be modified to treat [34]. And some targeted drugs can also be used
to prevent or treat EMR. Shi et al. Showed that patients receiving a combination of local surgery, radiotherapy,
chemotherapy and DLI achieved a longer survival than patients receiving monotherapy. In EMR patients with pre-
served donor HSC in recipient marrow, active combination therapy and DLI may be an optimal approach and may
cure a proportion of patients.

Furthermore, Harris et al. suggested that in the case of EMR, it may be more effective to administer maintenance
chemotherapy after HSCT to provide prophylactic anti-leukemic therapy with effects far exceeding the effects of
the GVL effect.

Because there is no effective treatment for the EMR of acute leukemia at present, the median survival of patients
is usually only a few months, and most patients have a poor prognosis [35]. Moreover, EMR can adversely affect
the complete remission rate and overall survival rate of allo-HSCT. Some studies have shown that multifocal in-
volvement of EMR and failure to achieve complete remission after EMR treatment is independent risk factors for
low survival rate. Currently, it has been found that monoclonal antibodies against CD56 antigen or WT [ in periph-
eral blood can play a predictive role in EMR [36], which may also be a potential candidate for future EMR therapy.

6. Conclusion

Studies have shown that the extramedullary recurrence in AML is under-reported, and the extramedullary recur-
rence focus is hidden, or rapid patient progression and death may lead to EMR neglect, EMR is actually more
common [37] than people thought. Especially today, when allogeneic hematopoietic stem cell transplantation is
widely used, the understanding of EMR becomes particularly important, and the diagnostic methods including FDG-
PET / CT make its early diagnosis possible. The possibility of EMR should be fully considered in patients with
aGVHD and (or) cGVHD, patients receiving immunomodulatory therapy or a second transplant. Local and systemic
combination therapy should be considered in the treatment of EMR. In addition to adopting new diagnostic methods
for early diagnosis, to improve prognosis, scientists need to work hard. New drugs to conduct clinical research and
actively explore treatment strategies.
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