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Abstract
Chronic myeloid leukemia (CML) is a slow-growing type of cancer that originates in the blood-forming cells
of the bone marrow and is caused by a chromosomal mutation that is thought to occur spontaneously. CML
could potentially lead to the development of myeloid sarcoma (MS), which is a rare neoplasm composed of
immature myeloid cells that could evolve into a tumor mass at any anatomical site other than the bone
marrow. MS can develop spontaneously or as a result of another form of myeloid neoplasm. Most instances
of CML precede blast phase (BP) within two to three years after the first diagnosis of CML chronic phase
(CP) at the age of pre-tyrosine kinase inhibitor (TKI) treatment. MS developing in CML patients during the
era of TKI treatment is infrequently mentioned in the literature, primarily in single-case studies. As a result,
the prognostic influence of MS in CML patients has not been well investigated. In the age of TKI treatment,
it is uncertain whether MS and medullary BP have comparable clinical and prognostic relevance. The precise
diagnosis of MS is critical for effective treatment, which is frequently delayed due to a high risk of
misdiagnosis.

This review focuses on the relationship between the development of MS from CML, and it culminates with
recommendations for future hematology practice. A literature search was conducted in multiple databases,
and the studies were appraised based on the inclusion and exclusion criteria.

Finally, studies to date have shown that the existence of CML and its possible progression to MS in
individuals map out the numerous implications this disease has in hematology practice. Though occurrences
are uncommon in general, the prognosis for patients is bleak, necessitating the exploration and
implementation of diagnostic and therapy advancements. Because there is limited evidence in the literature
on its existence in the medullary chronic phase and outcomes in the era of TKI, it must be carefully
investigated because it might be the first symptom of progressive illness prior to hematological progression.
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Introduction And Background
Diseases of the blood can have significant acute and chronic impacts on the patient's quality of life. The
field of hematology-oncology has experienced vast levels of growth in recent decades and has enhanced the
treatment modalities available for cancerous blood conditions, such as leukemia [1]. One common form of
leukemia impacting adults in contemporary society includes the onset of acute myeloid leukemia (AML),
which accounts for an estimated 80% of cases of leukemia [2]. In many cases, the presence of a chronic form
of myeloid leukemia, known as chronic myeloid leukemia (CML), can ensue, impacting the functioning of
white blood cells in afflicted patients. The presence of CML can impact the central nervous system (CNS) or
manifest in the development of myeloid sarcoma (MS) [3].

Myeloid sarcoma, also known as granulocytic sarcoma or chloroma, is a rare buildup of malignant myeloid
progenitor cells in an extramedullary location that affects the typical architecture of the affected tissue [4].
The word "chloroma" comes from the Greek word "chloros" meaning "the color green" [5]. It shows the
tumor's greenish tint caused by the presence and oxidation of the enzyme myeloperoxidase [6]. These
tumors can develop independently or in conjunction with other myeloid illnesses such as AML or CML,
myeloproliferative or myelodysplastic syndromes [6]. The presence of myeloid sarcoma results from a
developing tumor created by hematopoietic neoplasm [7]. It can originate anywhere, resulting in a wide
range of clinical manifestations [8]. Bone, skin, and lymph nodes are the most prevalent areas of
involvement. Rare occurrences, however, have been observed in the gastrointestinal tract, genitourinary
tract, or breast [4]. The diagnosis is complex and requires a high index of suspicion, as well as radiography,
histology, immunophenotyping, and molecular analysis, which are also required for risk stratification and
treatment planning [7].

Though a myeloid sarcoma can develop independently, it is often attributed to an underlying form of
leukemia, such as CML [9]. In order to investigate the disease and its progression in greater depth, research
was conducted on the existing knowledge around pathology, presentation, diagnosis, and treatment of both
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myeloid leukemia and myeloid sarcoma [7]. The following review intends to connect this data with the
progression from chronic myeloid leukemia to myeloid sarcoma and conclude with the implications for the
future hematology practice.

Methodology and results
This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines and principles [10].

Information Sources and Search Strategy
A literature search was done in PubMed, PubMed Central, and Google Scholar. A total of 1,570 articles were
found using the keywords that are listed below. After removing all the duplicates, the reports were screened
according to the inclusion and exclusion criteria set by the authors (which is described below), and all
irrelevant reports were eliminated. The study team used appropriate quality assessment tools to evaluate if
the studies met the inclusion criteria during the selection process. Data selection and extraction were carried
out independently by two researchers between October 25, 2021, and November 6, 2021, from the three
databases, indicated above. In cases of discrepancies, both researchers addressed the study designs,
inclusion and exclusion criteria, intervention used, and outcome measurement in order to achieve an
agreement. In ambiguous cases, a third reviewer was engaged to resolve conflicts and reach a consensus.
Upon completion of this comprehensive process, eight reports were finally included for this review.

Inclusion and Exclusion Criteria
This study's inclusion criteria comprised full-text English language reports published in the previous ten
years (2011-2021), with a global search of findings encompassing observational studies, case reports, and
experimental research. Non-English, non-full-text literature, research conducted prior to 2011, and animal
experiments were excluded. This study included the population, intervention, comparison, outcome, and
study criteria (PICOS), with the population group consisting of individuals (female and male) from a multi-
cultural background.

Keywords: MeSH keywords in PubMed are as follows: Chronic myeloid leukemia OR chronic myelocytic
leukemia OR ("Leukemia, Myelogenous, Chronic, BCR-ABL Positive/analysis"[Mesh] OR "Leukemia,
Myelogenous, Chronic, BCR-ABL Positive/complications"[Mesh] OR "Leukemia, Myelogenous, Chronic, BCR-
ABL Positive/drug therapy"[Mesh] OR "Leukemia, Myelogenous, Chronic, BCR-ABL Positive/mortality"
[Mesh] OR "Leukemia, Myelogenous, Chronic, BCR-ABL Positive/pathology"[Mesh] OR "Leukemia,
Myelogenous, Chronic, BCR-ABL Positive/therapy"[Mesh] ) AND myeloid sarcoma OR granulocytic sarcoma
OR ("Sarcoma, Myeloid/analysis"[Mesh] OR "Sarcoma, Myeloid/complications"[Mesh] OR "Sarcoma,
Myeloid/diagnosis"[Mesh] OR "Sarcoma, Myeloid/diagnostic imaging"[Mesh] OR "Sarcoma, Myeloid/etiology"
[Mesh] OR "Sarcoma, Myeloid/pathology"[Mesh] OR "Sarcoma, Myeloid/therapy"[Mesh]).

Keywords in other databases are as follows: Chronic myeloid leukemia; myeloid sarcoma; disease
progression; chronic; hematology; blastic crisis.

Results
As aforementioned, the search strategy used in this study included three different databases, yielding 1,570
articles, of which 470 were duplicates and were removed using Microsoft Excel, 506 articles were removed
due to ineligible records where the title/abstract was not relevant to the research question, and 104 records
were removed for other reasons, like excluded study designs and irrelevant research topics. A total of 490
records were reviewed, with 364 being discarded due to relevancy and inclusion/exclusion criteria. Eighty-
four reports could not be retrieved, and the final screening reduced the number of reports to 42, which were
evaluated for quality and eligibility. The evaluation comprised eight studies after a thorough reading. The
study did not use any automation tools. Figure 1 depicts the search process used for this review in the form
of a PRISMA flow diagram [10].
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FIGURE 1: PRISMA 2020 flow diagram for new systematic reviews
includes searches of databases and registers only.
PRISMA: preferred reporting items for systematic reviews and meta-analysis.

Quality Assessment of the Studies
Table 1 below displays the kinds of studies assessed and the appropriate scores assigned to each study based
on the quality appraisal tools [11,12].

Type of study Number of studies Quality appraisal tool Overall appraisal/scores

Case report [11] 3 JBI critical appraisal checklist for case reports Include (≥7)

Retrospective cohort [12] 5 Newcastle-Ottawa Include (≥10)

TABLE 1: Assessment of included studies along with overall appraisal score.
JBI: Joanna Briggs Institute.

Focal Points of the Selected Studies
The final studies included in this report are summarized in Table 2 below.
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Author/year Type of study
Sample
size

Findings Conclusion

Chen et al.
(2016) [13]

Retrospective
Cohort

307

Although MS and medullary MyBP that develop late in
the course of treatment have a similarly poor prognosis,
patients with MS without MyBP at initial diagnosis had a
significantly better outcome and contributed to the
overall better prognosis of patients with MS than those
with CML in medullary MyBP.

In the period of TKI treatment, MS
has become less prevalent in people
with CML.

Kawamoto
et al. (2016)
[14]

Retrospective
Cohort

131

MS patients tended to lack myeloid markers
(myeloperoxidase was present in 63.2%, CD68 in
51.3%, CD13 in 48.7%, and CD33 in 48.7% of patients)
and express T-cell markers such as CD3 in 20.7% and
CD5 in 34.2%. In immunohistochemistry, all T-cell
marker-positive MS subjects were negative for T-cell
receptors.

There is no statistically significant
difference in prognosis between de
novo and concurrent AML (P = 0.288)
and no statistically significant
changes in prognosis between T-cell
marker-positive and T-cell marker-
negative MS patients.

Dasappa et
al. (2017)
[15]

Retrospective
Cohort

615

Eight CML-CP patients developed MS. With larger
doses of imatinib/nilotinib, the median overall survival
was 14 months, with the highest survival of 36 months
in a case of nilotinib. In contrast, four patients advanced
to MyBP for a median period of nine months and died.

MS had a better prognosis in
medullary CML-CP than in medullary
CML-BP.

Vasconcelos
et al. (2017)
[16]

Case Report 1

The identification of myeloid sarcoma lesions allowed
the dermatologist to eventually exercise the initial
perception of the lymphoproliferative disease and
promote a multidisciplinary approach.

A 42-year-old female was diagnosed
with chronic myeloid leukemia, which
was confirmed by a skin biopsy.

Zhou et al.
(2019) [17]

Retrospective
Cohort

33

MS with non-favorable cytogenetics in pediatric patients
had a significantly lower overall survival than patients
with AML with non-favorable cytogenetics and no
extramedullary involvement (P < 0.001).

For pediatric MS patients, non-
favorable cytogenetics, documented
as abnormalities other than t (8;21),
inv (16)/t (16;16), or t (15;17), may be
a poor prognostic indicator.

Palejwala et
al. (2019) [9]

Case
Report/Review
Article

1
Complete excision of an intraparenchymal myeloid
sarcoma was done in a female with a history of CML on
imatinib (non-compliant) with a relapse to blast crisis.

A 50-year-old female’s acute
neurological symptoms were
completely resolved after surgery,
with no postoperative complications.

Lee et al.
(2020) [18]

Case Report 1

At the time of the CML diagnosis, MS was
asymptomatic. However, shortly after starting imatinib,
a hematoma formed in the tumor, causing muscular
strain and soreness. MS was diagnosed as a result of
the pain produced by the enlarged thigh circumference.
It arose during the chronic phase of CML and
comprised all myeloid lineages.

A 16-year-old male had coexisting
MS and CML-CP.

Frietsch et
al. (2021)
[19]

Retrospective
Cohort

307
The median onset of MS was 425 days post-HSCT, and
the median survival was 234 days.

MS following HSCT is associated
with a poor prognosis, as multimodal
therapeutic approaches such as
rigorous chemotherapy and additional
HSCT are frequently ineffective.

TABLE 2: Focal points of the included studies.
MS: myeloid sarcoma; MyBP: medullary myeloid blast phase; CML: chronic myeloid leukemia; TKI: tyrosine kinase inhibitor; AML: acute myeloid
leukemia; CML-CP: chronic myeloid leukemia-chronic phase; CML-BP: chronic myeloid leukemia-blast phase; HSCT: hemopoietic stem cell therapy.

Review
This section of the review aims to enumerate what myeloid leukemia is, including the pathogenesis, clinical
presentation, diagnosis, and treatment, while also discussing myeloid sarcoma and its pathology with
clinical presentation, diagnosis, and treatment. Finally, an in-depth analysis of the progression of myeloid
leukemia to myeloid sarcoma is also discussed, as well as the limitations of this study.
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An overview on myeloid leukemia
Myeloid leukemia comes in two major forms, including acute and chronic. In cases of AML, patients afflicted
often have an underlying hematological disorder, and the onset of the disease is rapid. AML is the most
common form of leukemia, comprising approximately 80% of all cases [2]. Alternatively, CML cases are rarer
in their occurrence and comprise an estimated 15% of adult leukemia cases [20]. CML is typically present in
approximately 10 to 15 cases per million annually in the global population and demonstrates no ethnic
distinction among patients diagnosed. In European nations, the age of onset is typically noted between the
ages of 60 and 65. However, in many nations with younger populations, the diagnosis of CML occurs in
younger age ranges [21]. Alternatively, in the United States, CML demonstrates an incidence of
approximately one to two new cases per 100,000 adults each year [20]. Furthermore, unlike AML, CML
progresses more slowly over an extended period before the patient enters the accelerated and blast phases
[21]. Important details regarding the pathology, presentation, diagnosis, and treatment are essential to
explore prior to the discussion of its progression to and development of myeloid sarcoma.

Pathology
Normal hematopoiesis is defined by the existence of hematopoietic stem cells capable of regulated self-
renewal and multipotency, resulting in balanced hematopoiesis between myeloid and lymphoid lineages
[22]. The pathology of CML cases is attributed to myeloproliferative neoplasm, a rare blood cancer
characterized by rapidly growing and unregulated myeloid cells [2,20]. When hematopoietic stem cells
(HSCs) acquire the transformative mutation known as the breakpoint cluster region gene-Abelson proto-
oncogene (BCR-ABL) (Vuelta) due to genetic change occurring between chromosomes nine and 22 [23], the
cells gain uncontrolled self-renewal ability and develop into leukemic stem cells (LSCs), which results in
CML [22].

The genetic changes between the two chromosomes involve a shortening of chromosome 22 caused by the
formation of the BCR, which impedes its essential relationship with chromosome nine, resulting in a disease
of hemopoietic stem cells [20,21]. It is to be noted that chromosome nine is also impeded by the fusion of
the ABL1 gene [20]. Though scientists hold a strong understanding of molecular pathogenesis, the causation
of the genetic change between the two chromosomes remains unknown [21]. However, the pathology
described has been beneficial in identifying treatment modalities and the future progression of CML in
afflicted patients. Additional genetic alterations can occur after establishing BCR-ABL in CML chronic phase
(CP), and the illness eventually develops into the catastrophic CML blastic phase known as a blastic crisis
(BC) [24]. A maturation stop in the myeloid or lymphoid lineage characterizes a blast crisis. New genetic and
epigenetic abnormalities emerge in leukemic stem cells (LSCs), and blast cells migrate from the bone
marrow to the peripheral circulation. Figure 2 below depicts the clinical phases of chronic myeloid leukemia
[22].
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FIGURE 2: Chronic myeloid leukemia in chronic and blastic phase.
CML: chronic myeloid leukemia; BCR-ABL: breakpoint cluster region gene-Abelson proto-oncogene; AML: acute
myeloid leukemia; ALL: acute lymphoblastic leukemia. Mind the Graph Platform was used to create this figure.

Presentation and diagnosis
CML has a distinct and notable presentation. Typically, patients experience the onset of chronic anemia,
malaise, weight loss, fatigue, pain or fullness in the upper left quadrant, and bleeding issues in more rare
cases [20]. The progression of the disease, as mentioned above, often results in a progression from the
chronic stage to the accelerated stage and the final blast stage, which results in uncontrolled levels of white
cells in the body and the continuation of worsening symptoms. The diagnostic process involves
documenting CML symptoms that can then be verified with the aid of blood count characteristics performed
through lab draws [20,21]. Genetic testing often confirms the diagnosis through the identification of the
changed chromosomes and BCR-ABL1 transcripts. These are typically obtained through bone marrow cells
or peripheral blood [21].

Treatment
CML has been treated in various ways over the last several decades. One treatment route involved sole
observation of the patient and their symptomatic presentation and progression [25]. Alternative treatment
routes have included the provision of chemotherapy with medication administration of either hydroxyurea
or busulfan. In other cases, stem cell transplants have been conducted, as well as the provision of tyrosine-
kinase inhibitors (TKIs) and interferon-alpha (INFx) administration [25]. In recent years, combined therapy
approaches have often been employed. This includes TKI and interferon combinations and TKI and
chemotherapy combinations to enhance the effectiveness of treatment approaches. Additionally, the
provision of immune modulation has also been incorporated into treatment options with a strategy to
provide vaccinations to induce the desired response to leukemia activity [26]. Despite the employment of
each, there is no cure for CML to date.

An overview on myeloid sarcoma
Myeloid sarcoma (MS) is a rare malignant tumor growth that occurs in approximately two cases in every
million adults. The onset of MS has been noted to impact males at a higher rate than females and is often
associated with the development and progression of AML. Patients who have developed CML also have an
increased risk of developing MS, impacting approximately 9% of patients diagnosed with AML or CML [7].
Due to its relationship with CML, it is essential to briefly explore the pathology, presentation, diagnosis, and
treatment of CML prior to discussing the process involved in the progression of CML to MS.

Pathology
The typical pathology of MS is attributed to the development of AML, myelodysplastic syndrome, or
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myeloproliferative neoplasm, including CML. However, in many cases, MS may be noted as a clinical
presentation of AML and be detected prior to its development [27]. The physical presentation of MS often
revolves around detecting the tumorous growth, green in color, which is considered granulocytic and
extramedullary in nature [27,28]. The green coloration of the tumor is attributed to the presence of oxidation
taking place within the granules of the tumor. Further, the extramedullary tumor is believed to develop due
to impacts on the non-hematopoietic tissues by groups of leukemic myeloblasts [29]. Therefore, diagnosis
upon presentation may be an important factor for the diagnosis of other hematological conditions, such as
CML.

Presentation, diagnosis, and treatment
The diagnosis of MS is not always an easy task due to its capacity to grow within soft tissue portions of the
body [7]. The presentation characteristics, therefore, are dependent upon the location and the impact on the
organ affected [27]. For instance, one case study noted the development of MS within the mandibular
gingiva region of the body and was noted after a molar extraction failed to heal appropriately
[30]. Alternatively, a rare pediatric case received an MS diagnosis after swelling was experienced in the
temporal lobe of a two-year-old patient [31]. Had the extraction not faced challenges in healing and swelling
in the temporal lobe, the identification of the tumor and treatment may have been delayed in both cases.
The presentation and diagnosis of MS are often noted in the soft tissue regions of the head and lymph nodes
[32]. However, other sites noted as common regions for MS development include connective tissue regions,
skin and breast tissues, and the digestive system [33]. To properly diagnose MS, symptomatic presentation is
documented and followed up by tissue biopsy and radiological investigations [7]. Furthermore, treatment
often involves chemotherapy approaches, bone marrow transplants, surgical excision, and targeted
therapies tailored to the region affected by the tumor [7,34]. 

Progression of myeloid leukemia to myeloid sarcoma
In cases of CML, the presence of MS may precede a diagnosis of CML, though the progression of CML is
typically the causal factor in the development and progression of MS [15,18]. The majority of CML patients
are identified in the chronic phase, which will advance to the accelerated phase (AP) and, if left untreated,
lead to a blast crisis. The quantity of immature cells (blasts) detected in the bone marrow characterizes each
phase. BCR-ABL expression stimulates many signaling pathways in the myeloid compartment, resulting in
enhanced proliferation and reduced apoptosis [24]. Secondary genetic and molecular defects cause an
accumulation of mutations and genomic instability, culminating in a blast crisis and a dismal prognosis for
the patient. Figure 3 below illustrates the evolution of the CML disease [24].

FIGURE 3: Disease progression of chronic myeloid leukemia.
Mind the Graph Platform was used to create this figure. CML: Chronic myeloid leukemia, BCR-ABL: breakpoint
cluster region gene-Abelson proto-oncogene. *Median duration without treatment; **percentage of blasts;
***symptoms.

Once the condition has progressed to the blast stage, the risk of the development of MS in patients increases
to between 7% and 17% [13]. This is due to the pathology of MS and its tumor formation on blasts developed
during the BP stage of CML [19]. However, patients often first progress from the chronic stage of the disease
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to the accelerated phase (AP), which is almost exclusively attributed to the onset of CML, though they can
present as sole cases on rare occasions. The survival rate of patients diagnosed with CML is estimated to be
around five years on average. Alternatively, once the disease has progressed to the AP stage, the prognosis is
reduced to approximately six to nine months. The progression to the BP stage reduces life expectancy by
three to six months on average [15]. The identification of MS may therefore indicate disease progression into
the final stages of the disease unless remission is achieved through treatment.

The presence of MS can also manifest as a relapse condition in patients with established cases of CML [19].
For instance, some case studies note that treatment success resulted in CML remission with relapses
occurring and blast crisis. During this process, the patient experienced a hemorrhagic infarct that resulted in
the cystic development of a granulocytic sarcoma, or MS [9]. However, the progression of MS from CML can
differ depending on whether the disease progression is medullary or restricted to the bone marrow [13].
Therefore, the presence of MS can indicate a relapse in the treatment and remission process, with
progression occurring during the remission period.

In some cases, the presentation of MS can be noted as a presenting symptom of CML [15]. The CNS can often
provide sanctuary to CML due to the lack of effectiveness present with some treatments once they contact
the cerebrospinal fluid (CSF). The result of the CNS protection of CML is the manifestation of MS, though
the presence of MS is not likely to impact the CNS and is more often attributed to the underlying presence of
leukemia [9]. Upon detection of an MS tumor, the patient is often in the blast crisis stage of CML, though it
may also be present during the chronic stage and provide the initial diagnosis and detection of CML [18]. In
cases where the patient is in a chronic stage of MS development, hematological progression of CML has not
yet taken place. However, cases such as these are commonly noted in medullary forms of CML, making them
a distinct component of disease progression overall [15]. Further research is required to assess a more
obvious route of progression in MS cases involving CML in the future.

A 42-year-old African-descent woman was studied in Brazil for a rare case of cutaneous myeloid sarcoma
associated with chronic myeloid leukemia [16]. The identification of myeloid sarcoma lesions led to the
diagnosis of leukemia in this individual, which was later confirmed by the demonstration of BCR/ABL
rearrangement in peripheral blood through the polymerase chain reaction (PCR) [16]. Further
immunohistochemical analysis revealed that the tumor was positive for CD43, lysozyme, and
myeloperoxidase but negative for CD3, CD20, and CD30, supporting the diagnosis of myeloid sarcoma. Thus,
after treating her leukemia with imatinib mesylate, her cutaneous lesions improved, and her white blood cell
count normalized [16]. Zhou et al. research followed 33 MS patients from one month to 18 years of age for 32
years (1984-2016). Not only did they find concurrent or recurrent AML, but they also found one patient with
atypical CML, with the skin being the most prevalent region of MS involvement [17].

Limitations
The limitations of this study are that most reports about this disease are retrospective and involve a small
number of patients, thus not enabling the practitioners to rely on all studies due to the rarity of the illness.
More prospective studies and randomized controlled trials with a larger patient population could yield a
better understanding of the association between chronic myeloid leukemia and myeloid sarcoma.

Conclusions
The presence of CML and its potential progression to MS in afflicted patients carries multiple implications
for hematology practice. One implication includes the need to conduct further research to investigate the
development and progression of CML to MS and assess the most effective treatment routes to reduce its
occurrence. This is particularly true for MS cases due to their ability to manifest in soft tissue locations
where they are not easily identifiable. Further, greater levels of observation must occur with patients in
remission to reduce the risk of MS development and progression during this vulnerable time.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Crilley P, Baratam P: A discussion about the field of hematology/oncology . Oncol Times. 2019, 41:16.

10.1097/01.COT.0000554593.86214.e8
2. De Kouchkovsky I, Abdul-Hay M: Acute myeloid leukemia: a comprehensive review and 2016 update . Blood

Cancer J. 2016, 6:441. 10.1038/bcj.2016.50

2022 Arzoun et al. Cureus 14(1): e21077. DOI 10.7759/cureus.21077 8 of 10

https://dx.doi.org/10.1097/01.COT.0000554593.86214.e8
https://dx.doi.org/10.1097/01.COT.0000554593.86214.e8
https://dx.doi.org/10.1038/bcj.2016.50
https://dx.doi.org/10.1038/bcj.2016.50


3. Avni B, Koren-Michowitz M: Myeloid sarcoma: current approach and therapeutic options. Ther Adv
Hematol. 2011, 2:309-16. 10.1177/2040620711410774

4. Rogers R, Ettel M, Cho M, Chan A, Wu XJ, Neto AG: Myeloid sarcoma presenting as a colon polyp and
harbinger of chronic myelogenous leukemia. World J Gastrointest Oncol. 2016, 8:321-5.
10.4251/wjgo.v8.i3.321

5. Hwang JI, Kim TY: Primary granulocytic sarcoma of the face . Ann Dermatol. 2011, 23:214-7.
10.5021/ad.2011.23.S2.S214

6. Jenkins CI, Sorour Y: Case report: a large extramedullary granulocytic sarcoma as the initial presenting
feature of chronic myeloid leukemia. MedGenMed. 2005, 7:23.

7. Almond LM, Charalampakis M, Ford SJ, Gourevitch D, Desai A: Myeloid sarcoma: presentation, diagnosis,
and treatment. Clin Lymphoma Myeloma Leuk. 2017, 17:263-7. 10.1016/j.clml.2017.02.027

8. Levy RA, Mardones MA, Burch MM, Krause JR: Myeloid sarcoma as the presenting symptom of chronic
myelogenous leukemia blast crisis. Baylor Univ Med Cent Proc. 2014, 27:246-9.
10.1080/08998280.2014.11929127

9. Palejwala AH, O'Connor KP, Shi H, Villeneuve L, Scordino T, Glenn CA: Chronic myeloid leukemia
manifested as myeloid sarcoma: review of literature and case report. J Clin Neurosci. 2019, 64:269-76.
10.1016/j.jocn.2019.04.011

10. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

11. Tufanaru C, Munn Z, Aromataris E, Campbell J, Hopp L: Chapter 7: Systematic reviews of etiology and risk .
JBI Manual for Evidence Synthesis. Aromataris E, Munn Z (ed): The Joanna Briggs Institute, Adelaide; 2020.
04:221. 10.46658/JBIMES-20-04

12. Wells GA, Shea B, O'Connell D, et al.: The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of
Nonrandomised Studies in Meta-Analyses. Ottawa Hospital Research Institute, Ottawa; 2000.

13. Chen Z, Wang W, Cortes JE, et al.: Differential clinical and prognostic impact of myeloid sarcoma vs
medullary myeloid blast phase of chronic myelogenous leukemia in the era of tyrosine kinase inhibitor
therapy. Blood Cancer J. 2016, 6:e418. 10.1038/bcj.2016.27

14. Kawamoto K, Miyoshi H, Yoshida N, Takizawa J, Sone H, Ohshima K: Clinicopathological, cytogenetic, and
prognostic analysis of 131 myeloid sarcoma patients. Am J Surg Pathol. 2016, 40:1473-83.
10.1097/PAS.0000000000000727

15. Dasappa L, Thanky AH, Kuntegowdanahalli L, et al.: Myeloid sarcoma as the first sign of progression of
chronic myeloid leukemia in medullary chronic phase: experience from a Tertiary Cancer Centre in
Southern India. Gulf J Oncol. 2017, 1:21-5.

16. Vasconcelos ER, Bauk AR, Rochael MC: Cutaneous myeloid sarcoma associated with chronic myeloid
leukemia. An Bras Dermatol. 2017, 92:50-2. 10.1590/abd1806-4841.20176042

17. Zhou T, Bloomquist MS, Ferguson LS, et al.: Pediatric myeloid sarcoma: a single institution
clinicopathologic and molecular analysis. Pediatr Hematol Oncol. 2020, 37:76-89.
10.1080/08880018.2019.1683107

18. Lee HJ, Gu MJ, Kong E, Lee JM: Chronic phase of chronic myeloid leukemia presenting with myeloid
sarcoma in an adolescent. Blood Res. 2020, 55:112-5. 10.5045/br.2020.2019191

19. Frietsch JJ, Hunstig F, Wittke C, et al.: Extra-medullary recurrence of myeloid leukemia as myeloid sarcoma
after allogeneic stem cell transplantation: impact of conditioning intensity. Bone Marrow Transplant. 2021,
56:101-9. 10.1038/s41409-020-0984-4

20. Jabbour E, Kantarjian H: Chronic myeloid leukemia: 2016 update on diagnosis, therapy, and monitoring . Am
J Hematol. 2016, 91:252-65. 10.1002/ajh.24275

21. Hochhaus A, Saussele S, Rosti G, et al.: Chronic myeloid leukaemia: ESMO clinical practice guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2017, 28:41-51. 10.1093/annonc/mdx219

22. Vuelta E, García-Tuñón I, Hernández-Carabias P, Méndez L, Sánchez-Martín M: Future approaches for
treating chronic myeloid leukemia: CRISPR therapy. Biology (Basel). 2021, 10:118. 10.3390/biology10020118

23. Magistroni V, Mauri M, D'Aliberti D, et al.: De novo UBE2A mutations are recurrently acquired during
chronic myeloid leukemia progression and interfere with myeloid differentiation pathways. Haematologica.
2019, 104:1789-97. 10.3324/haematol.2017.179937

24. Clarke CJ, Holyoake TL: Preclinical approaches in chronic myeloid leukemia: from cells to systems . Exp
Hematol. 2017, 47:13-23. 10.1016/j.exphem.2016.11.005

25. Russo D, Garcia-Gutierrez JV, Soverini S, Baccarani M: Chronic myeloid leukemia prognosis and therapy:
criticisms and perspectives. J Clin Med. 2020, 9:1709. 10.3390/jcm9061709

26. Westerweel PE, Te Boekhorst PA, Levin MD, Cornelissen JJ: New approaches and treatment combinations
for the management of chronic myeloid leukemia. Front Oncol. 2019, 9:665. 10.3389/fonc.2019.00665

27. Magdy M, Abdel Karim N, Eldessouki I, Gaber O, Rahouma M, Ghareeb M: Myeloid sarcoma. Oncol Res
Treat. 2019, 42:224-9. 10.1159/000497210

28. Mjali A, Hasan DM, Al-Anssari MJ, Muhsin RK, Hamandi A, Al-Shammari HHJ: Myeloid sarcoma as the
presenting symptom of chronic myeloid leukemia chronic phase: a case report. World J Pharm Res. 2017,
6:10-5.

29. Shallis RM, Gale RP, Lazarus HM, et al.: Myeloid sarcoma, chloroma, or extramedullary acute myeloid
leukemia tumor: a tale of misnomers, controversy and the unresolved. Blood Rev. 2021, 47:100773.
10.1016/j.blre.2020.100773

30. Ishikawa S, Kato Y, Kabasawa T, et al.: A case of myeloid sarcoma of the mandibular gingiva as
extramedullary relapse of acute myeloid leukemia. Oral Maxillofac Surg. 2020, 24:121-6. 10.1007/s10006-
019-00812-y

31. Marwah N, Bhutani N, Budhwar A, Sen R: Isolated myeloid sarcoma of the temporal bone: as the first
clinical manifestation of acute myeloid leukemia in a patient of down's syndrome. Int J Surg Case Rep. 2019,
58:77-80. 10.1016/j.ijscr.2019.03.027

32. Slouma M, Rahmouni S, Dhahri R, et al.: Epidural myeloid sarcoma as the presenting symptom of chronic
myeloid leukemia blast crisis. Clin Rheumatol. 2020, 39:2453-9. 10.1007/s10067-020-05167-4

2022 Arzoun et al. Cureus 14(1): e21077. DOI 10.7759/cureus.21077 9 of 10

https://dx.doi.org/10.1177/2040620711410774
https://dx.doi.org/10.1177/2040620711410774
https://dx.doi.org/10.4251/wjgo.v8.i3.321
https://dx.doi.org/10.4251/wjgo.v8.i3.321
https://dx.doi.org/10.5021/ad.2011.23.S2.S214
https://dx.doi.org/10.5021/ad.2011.23.S2.S214
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681710/
https://dx.doi.org/10.1016/j.clml.2017.02.027
https://dx.doi.org/10.1016/j.clml.2017.02.027
https://dx.doi.org/10.1080/08998280.2014.11929127
https://dx.doi.org/10.1080/08998280.2014.11929127
https://dx.doi.org/10.1016/j.jocn.2019.04.011
https://dx.doi.org/10.1016/j.jocn.2019.04.011
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.46658/JBIMES-20-04
https://dx.doi.org/10.46658/JBIMES-20-04
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
https://dx.doi.org/10.1038/bcj.2016.27
https://dx.doi.org/10.1038/bcj.2016.27
https://dx.doi.org/10.1097/PAS.0000000000000727
https://dx.doi.org/10.1097/PAS.0000000000000727
https://pubmed.ncbi.nlm.nih.gov/28271998/
https://dx.doi.org/10.1590/abd1806-4841.20176042
https://dx.doi.org/10.1590/abd1806-4841.20176042
https://dx.doi.org/10.1080/08880018.2019.1683107
https://dx.doi.org/10.1080/08880018.2019.1683107
https://dx.doi.org/10.5045/br.2020.2019191
https://dx.doi.org/10.5045/br.2020.2019191
https://dx.doi.org/10.1038/s41409-020-0984-4
https://dx.doi.org/10.1038/s41409-020-0984-4
https://dx.doi.org/10.1002/ajh.24275
https://dx.doi.org/10.1002/ajh.24275
https://dx.doi.org/10.1093/annonc/mdx219
https://dx.doi.org/10.1093/annonc/mdx219
https://dx.doi.org/10.3390/biology10020118
https://dx.doi.org/10.3390/biology10020118
https://dx.doi.org/10.3324/haematol.2017.179937
https://dx.doi.org/10.3324/haematol.2017.179937
https://dx.doi.org/10.1016/j.exphem.2016.11.005
https://dx.doi.org/10.1016/j.exphem.2016.11.005
https://dx.doi.org/10.3390/jcm9061709
https://dx.doi.org/10.3390/jcm9061709
https://dx.doi.org/10.3389/fonc.2019.00665
https://dx.doi.org/10.3389/fonc.2019.00665
https://dx.doi.org/10.1159/000497210
https://dx.doi.org/10.1159/000497210
https://wjpr.s3.ap-south-1.amazonaws.com/article_issue/1508131162.pdf
https://dx.doi.org/10.1016/j.blre.2020.100773
https://dx.doi.org/10.1016/j.blre.2020.100773
https://dx.doi.org/10.1007/s10006-019-00812-y
https://dx.doi.org/10.1007/s10006-019-00812-y
https://dx.doi.org/10.1016/j.ijscr.2019.03.027
https://dx.doi.org/10.1016/j.ijscr.2019.03.027
https://dx.doi.org/10.1007/s10067-020-05167-4
https://dx.doi.org/10.1007/s10067-020-05167-4


33. Goyal G, Bartley AC, Patnaik MM, Litzow MR, Al-Kali A, Go RS: Clinical features and outcomes of
extramedullary myeloid sarcoma in the United States: analysis using a national data set. Blood Cancer J.
2017, 7:e592. 10.1038/bcj.2017.79

34. Shatilova A, Girshova L, Zaytsev D, et al.: The myeloid sarcoma treated by Venetoclax with hypomethylating
agent followed by stem cell transplantation: rare case report. BMC Women's Health. 2021, 21:184.
10.1186/s12905-021-01328-y

2022 Arzoun et al. Cureus 14(1): e21077. DOI 10.7759/cureus.21077 10 of 10

https://dx.doi.org/10.1038/bcj.2017.79
https://dx.doi.org/10.1038/bcj.2017.79
https://dx.doi.org/10.1186/s12905-021-01328-y
https://dx.doi.org/10.1186/s12905-021-01328-y

	The Progression of Chronic Myeloid Leukemia to Myeloid Sarcoma: A Systematic Review
	Abstract
	Introduction And Background
	Methodology and results
	Information Sources and Search Strategy
	Inclusion and Exclusion Criteria
	Results
	FIGURE 1: PRISMA 2020 flow diagram for new systematic reviews includes searches of databases and registers only.

	Quality Assessment of the Studies
	TABLE 1: Assessment of included studies along with overall appraisal score.

	Focal Points of the Selected Studies
	TABLE 2: Focal points of the included studies.


	Review
	An overview on myeloid leukemia
	Pathology
	FIGURE 2: Chronic myeloid leukemia in chronic and blastic phase.

	Presentation and diagnosis
	Treatment
	An overview on myeloid sarcoma
	Pathology
	Presentation, diagnosis, and treatment
	Progression of myeloid leukemia to myeloid sarcoma
	FIGURE 3: Disease progression of chronic myeloid leukemia.

	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


