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Abstract

Introduction: Chronic Kidney Disease (CKD) may cause hematologic 
disturbances due to chronic inflammation, erythropoietin deficiency, 
and persistent accumulation of uremic toxins. As a result, patients of 
CKD may experience myelosuppression but its progression to Acute 
Myeloid Leukemia (AML) has not been commonly seen. This case report 
highlights the progression from CKD-associated myelosuppression to 
AML in a dialysis-dependent patient over a period of four years.

Case presentation: A 53-year-old male, known case of type 2 
diabetes mellitus and epilepsy was diagnosed with CKD in 2018, which 
eventually required maintenance dialysis and gradually worsened to 
end-stage renal disease (ESRD). His first bone marrow biopsy in 2019 
showed no malignancy but CKD-associated myelosuppression. The 
patient’s hematological parameters continued to deteriorate over 
the next three years. Moreover, his dialysis dependence adversely 
affected his pulmonary and cardiac function. In early 2023, his routine 
pre-dialysis workups showed recurrent hemoglobin drops, leading to 
transfusions every week. In mid-2023, 23% blasts were found in his 
Complete Blood Count (CBC), raising suspicion for AML which was 
then confirmed through repeat bone marrow biopsy and was further 
supported by immunohistochemistry findings. Due to his prolonged 
dialysis dependence and other comorbid conditions, the patient was 
ineligible for chemotherapy. He was managed with supportive care 
until he succumbed to AML within two months.

Conclusion: This case highlights the possibility of hematologic 
transformation in CKD patients and the challenges in diagnosing 
and treating AML in dialysis-dependent individuals. It calls upon 
the need for early and close hematologic monitoring in patients 
with myelosuppression to allow for better and timely therapeutic 
interventions and improved outcomes.
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Introduction

Acute Myeloid Leukemia (AML) is an aggressive hemato-
logical malignancy with poor prognosis particularly in patients 
with chronic conditions [1]. Chronic Kidney Disease (CKD) often 
cause chronic inflammation and immune dysfunction predis-
posing patients to genetic instability and eventually malignan-
cies [2]. Long-term dialysis, a common treatment approach for 
advanced CKD is also associated with immune suppression and 
chronic inflammation, further damaging the body’s defenses 
[1]. Diabetes mellitus, characterized by hyperglycemia and in-
sulin resistance can also adversely affect immune responses 
leading to more complications [3]. This case report discusses a 
53-year-old male with a history of CKD and insulin-dependent 
diabetes mellitus, who developed AML over a period of four 
years. In 2019, his bone marrow biopsy showed myelosuppres-
sion without malignancy, but by 2023, it progressed to AML. 
The report, thus, aims to highlight the potential role of immune 
dysregulation in development of hematological malignancies, 
the challenges involved in managing AML in a dialysis-depen-
dent patient, emphasizing the need for vigilant monitoring in 
such cases. 

Case presentation

A 53-year-old male, known case of type 2 diabetes mellitus 
and epilepsy (controlled on low-dose medication) was initially 
diagnosed with CKD in late 2018, after elevated creatinine lev-
els were repeatedly observed during his routine diabetic moni-
toring. He was referred to a nephrologist and his treatment 
began but his renal function continued to decline to a point 
that he required hospitalization for one month and his condi-
tion required him to be placed on a mechanical ventilation for 
some time. During his admission, a renal stent was also placed 
but was later removed. Despite all necessary interventions, 
his renal function progressively worsened and he was eventu-
ally initiated on maintenance hemodialysis with its frequency 
eventually increasing to 3 sessions per week. Since the etiology 
remained unknown, a bone marrow biopsy was suggested in 
April 2019 to rule out any hematological involvement. The re-
port found trilineage hematopoietic suppression but concluded 
it secondary to the patient’s CKD and ruled out any evidence of 
malignancy. 

Table 1: Bone marrow biopsy findings-April 2019.

Parameter Findings

Peripheral 
morphology

Normochromic, anisocytosis, elliptocytes, teardrop 
cells, leukoerythroblastic picture, dysplastic 
neutrophils

Bone marrow 
aspirate Scattered erythroid and myeloid precursors

Trephine biopsy Thickened bony trabeculae, cystic cavities, bone 
excavation, suppressed trilineage hematopoiesis

Conclusion Myelosuppression secondary to CKD, no evidence of 
malignancy

 In early May 2019, his hemoglobin (Hb) level and platelets 
count were found to be low, at 10 g/dL (normal: 13.0-17.0 g/
dL), and 8.5×10⁹/L (normal: 150-450×10⁹/L), respectively. His 
creatinine was also markedly raised at 8.9 mg/dL (normal: 0.7-
1.3 mg/dL) but the WBC count was within the normal range at 
5.1×10⁹/L (normal: 4.0-11.0×10⁹/L). Repeat testing in the same 

month showed further decline in hemoglobin to 7.9 g/dL and 
platelets to 12×10⁹/L, highlighting progressive worsening of 
anemia, thrombocytopenia, and eventually bone marrow sup-
pression. 

Table 2: Laboratory findings - May 2019.

Test May 6, 2019 May 14, 2019 Reference Range

White blood cell 
(WBC) count 5.1×10⁹/L 8.49×10⁹/L 4.0-11.0×10⁹/L

Hemoglobin (Hb) 10 g/dL 7.9 g/dL 13.0-17.0 g/dL

Platelets 8.5×10⁹/L 12×10⁹/L 150-450×10⁹/L

Urea 176 mg/dL 75 mg/dL 7-20 mg/dL

Creatinine 8.9 mg/dL 4.53 mg/dL 0.7-1.3 mg/dL

Calcium 7.3 mg/dL 7.41 mg/dL 8.5-10.5 mg/dL

Phosphorus (PO4) - 3 mg/dL 2.5-4.5 mg/dL

Magnesium (Mg) - 2.33 mg/dL 1.7-2.5 mg/dL

Parathyroid hormone 
(PTH) 57 pg/mL - 10-65 pg/mL

Over the years, the patient’s CKD further worsened requir-
ing him multiple transfusions to manage anemia. In December 
2022, his ferritin and iron profile testing depicted markedly el-
evated levels. His ferritin was significantly high at 1448.90 ng/
mL (normal: 20-250 ng/mL) and serum iron at 284 µg/dL (nor-
mal: 40-160 µg/dL), suggesting iron overload due to frequent 
transfusions further contributing to hematopoietic stress and 
also indicating impaired iron regulation, commonly observed in 
dialysis dependent CKD patients. 

Table 3: Ferritin-Dec 2022

Test Result Reference range

Ferritin 1448.90 ng/mL 20-250 ng/mL (Adult male)

Table 4: Iron Profile-Dec 2022.

Test Result Reference range

Serum iron 284 µg/dL 40-160 µg/dL (Adult Male)

TIBC 
(Total Iron Binding Capacity) 372 µg/dL 250-400 µg/dL (Adult)

By early 2023, the patient started experiencing persistent 
anemia with his Hb levels dropping every other week before his 
routine workup’s pre-dialysis. Due to these repeated declines, 
he would require mandatory blood transfusions very frequently 
every 1-2 weeks for his dialysis to take place. On consulting a 
hematologist, a CBC was performed on May 14, 2023, that re-
vealed low level of hemoglobin and platelets, at 9.3 g/dL and 
60×10⁹/L, respectively. WBC count was at 5.9×10⁹/L and 23% 
blasts were also found while they are supposed to be at less 
than 5% in normal cases. The report remarked a left shift in 
WBCs, thrombocytopenia, and a dimorphic blood picture with 
oval macrocytes, 2% fragmented RBCs and tear drop cells rais-
ing strong suspicion for acute leukemia, and calling for an im-
mediate repeat bone marrow biopsy. Routine urea and creati-
nine levels were also tested the same day, and were found to be 
at 85.6 mg/dL and 6.30 mg/dL (normal: 0.9-1.3 mg/dL), respec-
tively confirming the disease progression to ESRD (end-stage 
renal disease). At this time, he was also being injected eryth-
ropoietin 100,000 units subcutaneously three times per week. 
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Table 5: Laboratory findings-14th May 2023.

Test Result Reference Range

Urea 85.6 mg/dL 17-49 mg/dL

Creatinine 6.30 mg/dL 0.9-1.3 mg/dL

Table 6: CBC report - 14th May 2023.

Test Result Reference range

Blasts 23% Should be <5%

Hemoglobin (Hb) 9.3 g/dL 13.0-17.0 g/dL

Platelets 60 ×10⁹/L 150-400 ×10⁹/L

WBC Count 5.9 ×10⁹/L 4.0-10.0 ×10⁹/L

Neutrophils 40% 40-80%

Lymphocytes 20% 20-40%

Monocytes 7% 2-10%

Metamyelocytes 4% Normally absent

Band Cells 5% Normally absent

Eosinophils 1% 1-6%

Basophils 0% 0-1%

RBC Count 3.6 ×10¹²/L 4.5-5.5 ×10¹²/L

Hematocrit (HCT) 30% 40-50%

MCV (Mean Corpuscular Volume) 84 fL 80-100 fL

MCH (Mean Corpuscular Hemoglobin) 26 pg 27-32 pg

MCHC (Mean Corpuscular 
Hemoglobin Concentration) 31 g/dL 31.5-34.5 g/dL

Table 7: Bone marrow biopsy - June 2023.

Parameter Findings

Peripheral smear Normochromic, anisocytosis, macrocytes, dysplastic 
neutrophils, circulating blast cells

Bone marrow 
aspirate

Scattered erythroid and myeloid precursors, blast 
cells present

Trephine biopsy Fragmented and hemodiluted aspirate, blasts noted

Cellular 
composition (%)

Neutrophils: 35%, Lymphocytes: 20%, Monocytes: 
7%, Myelocytes: 2%, Blasts: 35%, Basophils: 1%

Conclusion AML confirmed

Table 8: Immunohistochemistry (IHC) findings - July 2023.

Marker Result

CD45 Strong positive (confirms hematopoietic origin)

CD13 Strong positive (supports AML diagnosis)

CD117 10-12% positive (early myeloid progenitor involvement)

Table 9: CBC Reports June-July 2023.

Test June 11, 2023 June 16, 2023 June 25, 2023 July 18, 2023 Reference Range

WBC Count 6.93×10³/µL 5.49×10³/µL 6.61×10³/µL 3.75×10³/µL 4.0–10.0×10³/µL

Immature Granulocytes (IG) 8.90% 1.37% 0.85% 0.018% 0–1%

Neutrophils (Absolute) 1.91×10³/µL 2.05×10³/µL 1.17×10³/µL 0.095×10³/µL 1.8–7.7×10³/µL

Neutrophils (%N) 27.5% 37.4% 17.7% 2.53% 40-80%

Lymphocytes (%L) 49.4% 52.2% 58.5% 49.4% 20-40%

Monocytes (%M) 14.2% 8.12% 22.8% 26.5% 2-10%

Platelets 37.7×10³/µL 29.2×10³/µL 24.4×10³/µL 17.7×10³/µL 150–400×10³/µL

Hemoglobin 8.15 g/dL 7.19 g/dL 9.12 g/dL 7.30 g/dL 13.0-17.0 g/dL 

RDW 18.0% 17.9% 17.3% 19.0% 11.5–14.5%

The findings of bone marrow biopsy performed in June 2023 
were consistent with diagnosis of acute leukemia, showing a 
major increase in blasts compared to 2019 biopsy. Immunohis-
tochemistry analysis was then performed for classification of 
AML and revealed strong CD45 positivity, strong CD13 positivity 
and expression of CD117 in 10-12% of cells, confirming myeloid 
lineage and blast phenotype. 

After his AML was diagnosed, his laboratory findings in early 
June 2023 showed markedly elevated ESR at 32mm/hr (normal: 
0-15 mm/hr), raised PTH at 107.5 pg/mL (normal: 15-65 pg/mL) 
and severe vitamin D deficiency (9.17 ng/mL, normal: >30 ng/
mL), highlighting chronic inflammation as well as severely dete-
riorating bone health. Besides, his AML progression was tracked 
through a series of CBC reports, from June to July 2023, show-
ing progressive anemia, neutropenia and thrombocytopenia, 
with his platelet count dropping to as low as 1.7×10⁹/L in July 
2023.

Since the patient had been dependent on dialysis and most 
chemotherapeutic drugs are renally excreted, chemotherapy 

was not an option for his treatment and he was only given sup-
portive care. Moreover, due to prolonged dialysis, the patient 
had developed cardiac complications, including the placement 
of one coronary stent, and poor lung function further limiting 
treatment options. Eventually, within just two months of his di-
agnosis, the patient succumbed to AML in August 2023. 

Discussion

AML is an aggressive blood cancer typified by the clonal 
growth of myeloid blasts and can result in fever, pallor, anemia, 
bleeding, and recurrent infections [4]. The development of AML 
in patients with chronic kidney disease (CKD), particularly those 
who progress to End-Stage Renal Disease (ESRD), is a topic of 
growing clinical interest. AML may not be directly caused by 
CKD, prolonged bone marrow stress, chronic inflammation, and 
increased oxidative stress in ESRD and/or diabetes may contrib-
ute to leukemogenesis.

Bone marrow stress and consequent genetic instability

Patients with CKD and ESRD are exposed to uremic toxins 
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which elevate oxidative stress and can contribute to insulin 
resistance, carbamylation, and a higher risk of cardiovascular 
disease [5]. Oxidative stress not only leads to systemic compli-
cations but also play an important role in hematopoietic dys-
function, as evidenced by myelosuppression found in the pa-
tient’s biopsy in 2019. One significant systemic aspect of any 
cancer disease and a key target for therapeutic intervention is 
hematologic dysfunction [6]. In fact, particularly AML progres-
sion is also influenced by oxidative stress in a variety of ways, 
including the modulation of genes contributing to tumorigene-
sis and even treatment resistance [7]. Elevated reactive oxygen 
species (ROS) can also induce DNA damage and impair repair 
mechanisms, creating an environment that fosters genomic in-
stability and set the stage for potential leukemic transformation 
[8]. As a response to repeated stressors, hematopoietic stem 
cells (HSCs) undergo compensatory proliferation. While this is 
a natural phenomenon, proliferation brought on by prolonged 
stress can cause aging phenotypes in HSCs due to modifications 
in DNA methylation. This comprises changes in promoter re-
gions and global hyper methylation, which impact gene expres-
sion and lead to functional deterioration, further compromising 
hematopoiesis [9]. Besides, the interplay between stress signals 
and hematopoietic systems is evident through the role of mac-
rophages. Prolonged stress raises extracellular ATP levels, which 
facilitate erythropoiesis by establishing a favorable microenvi-
ronment. Macrophages are an important part of this process, 
showing how hematopoietic support systems and stress signals 
interact [10]. Understanding these interconnected pathways is 
important for developing therapeutic strategies aimed at deal-
ing with the potential progression from myelosuppression to 
AML in high-risk patient populations, as in the case in discus-
sion. 

Chronic inflammation, oxidative stress, and AML 
development

Persistent inflammation and oxidative stress are considered 
hallmark features of CKD, ESRD and even diabetes mellitus. 
Through processes like inflammation and glomerulosclerosis, 
which are common in CKD patients, oxidative stress is produced 
and leads to kidney damage [11]. Chronic kidney disease is as-
sociated with many cytokines with IL-18 possibly having a more 
significant effect [12]. Moreover, it is also linked to higher levels 
of growth regulated oncogene alpha (GROβ), interleukin-4, and 
tumor necrosis factor alpha [13]. Besides, hemodialysis itself 
enhances oxidative stress, causing further damage [14]. More-
over, hyperglycemic stress and diabetes mellitus can also drive 
the development of blood cancers as such individuals are likely 
to have a higher rate of associated mutations although they 
require additional hits to evolve into full-blown leukemia [15]. 
Elevated levels of cytokines, immune dysregulation along with 
the ongoing hematopoietic stress are known to create a pro-
leukemic environment by inducing DNA damage and impairing 
DNA repair mechanisms or suppressing normal immune surveil-
lance [16]. In this patient’s case, the combination of CKD, ESRD, 
dialysis dependence and long-standing history of diabetes 
brought about these factors and can therefore be attributed to 
the malignant transformation from myelosuppression to AML 
over the subsequent four years.  

Treatment challenges in AML patients with dialysis 
dependence

Management of patients diagnosed with AML and also un-
dergoing dialysis due to ESRD presents significant therapeutic 

challenges. Anti-cancer agents can cause various electrolytes 
disturbances in patients with decreased kidney function, lead-
ing to hyponatremia, hyperkalemia, and other metabolic abnor-
malities [17]. In such condition, chemotherapeutic agents that 
are mostly eliminated via the hepatic route may be chosen [18]. 
In this case the patient was not eligible for such intensive che-
motherapy not just due to his ESRD but also due his frail condi-
tion, dialysis dependence and comorbidities. However, in other 
cases, even after receiving severe chemotherapy and an alloge-
neic stem cell transplant, AML relapses are frequently seen [19]. 
This highlights the need for tailored alternative approaches to 
treatment in complex patients of AML such as those depen-
dent on dialysis. For instance, in a study by [19], comprehensive 
genomic profiling using paraffin-embedded bone marrow clot 
specimens has effectively found leukemic-associated genes that 
can be employed as therapeutic targets in AML.

Importance of close hematological monitoring

Given the increased risk of hematologic abnormalities in 
patients with CKD and ESRD, regular and comprehensive he-
matological monitoring is important. While routine blood tests 
may not always reveal early malignant changes, periodic bone 
marrow evaluations and molecular testing could help in early 
detection and diagnosis of AML, eventually improving patient 
outcomes [21]. Further research is, however, needed to estab-
lish specific biomarkers for early detection then tailoring treat-
ment strategies in this vulnerable patient population.

Conclusion

This case serves an important example of how prolonged 
inflammation, oxidative stress, and immune dysregulation may 
play a part in development of AML. The patient’s journey from 
myelosuppression to leukemia highlights the need for early 
hematological surveillance in high-risk individuals. Further re-
search is important to develop better treatment strategies and 
improve clinical outcomes in such complex cases as existing 
options present multiple limitations for dialysis-dependent pa-
tients.

Declarations

Acknowledgement: The authors sincerely thank the pa-
tient’s family for their willingness to share this case for clinical 
and academic learning and providing access to the necessary 
data. 

Patient consent: Since the patient is deceased, informed 
consent for publication was obtained from the patient’s next 
of kin. The family was taken in complete confidence about the 
purpose of the report and consented to the use of anonymized 
clinical data for research purposes. All identifying information 
has been removed to ensure patient confidentiality. 

Conflict of interest statement: The authors declare no con-
flict of interest related to this case report. 

Authors contribution: Hania Haque gathered patient’s data 
and contributed to the section of case presentation of the re-
port. Mohammad Shahzaib interpreted the data and contrib-
uted to the discussion section of the report. Both authors were 
involved in writing and revising the manuscript and approved 
the final version for submission. 



www.jcimcr.org			       									         Page 5

References

1.	 Laribi K, Sobh M, Ghez D, Baugier de Materre A. Impact of age, 
functional status, and comorbidities on quality of life and out-
comes in elderly patients with AML: review. In Annals of He-
matology. 2021; 100(6). https://doi.org/10.1007/s00277-020-
04375-x.

2.	 Hu M, Wang Q, Liu B, Ma Q, Zhang T, et al. chronic kidney dis-
ease and Cancer: Inter-Relationships and Mechanisms. In Fron-
tiers in Cell and Developmental Biology. 2022; 10. https://doi.
org/10.3389/fcell.2022.868715.

3.	 Daryabor G, Atashzar MR, Kabelitz D, Meri S, Kalantar K. The Ef-
fects of Type 2 Diabetes Mellitus on Organ Metabolism and the 
Immune System. In Frontiers in Immunology. 2020; 11. https://
doi.org/10.3389/fimmu.2020.01582.

4.	 Lyle MS, PA-C L. ASH Highlights and Commentary: Acute Myeloid 
Leukemia. Journal of the Advanced Practitioner in Oncology. 
2019; 10(2). https://doi.org/10.6004/jadpro.2019.10.2.17.

5.	 Pieniazek A, Bernasinska‐slomczewska J, Gwozdzinski L. Uremic 
toxins and their relation with oxidative stress induced in pa-
tients with ckd. In International Journal of Molecular Sciences. 
2021; 22(12). https://doi.org/10.3390/ijms22126196.

6.	 Plackoska V, Shaban D, & Nijnik A. Hematologic dysfunction in 
cancer: Mechanisms, effects on antitumor immunity, and roles 
in disease progression. In Frontiers in Immunology. 2022; 13. 
https://doi.org/10.3389/fimmu.2022.1041010.

7.	 Qi J, Lin J, Wu C, He H, Yao J, et al. Combined scRNAseq and 
Bulk RNAseq Analysis to Reveal the Dual Roles of Oxida-
tive Stress-Related Genes in Acute Myeloid Leukemia. Oxi-
dative Medicine and Cellular Longevity. 2023. https://doi.
org/10.1155/2023/5343746.

8.	 Udensi UK, Tchounwou PB Dual effect of oxidative stress on 
leukemia cancer induction and treatment. In Journal of Experi-
mental and Clinical Cancer Research. 2014; 33(1). https://doi.
org/10.1186/s13046-014-0106-5.

9.	 Yanai H, McNeely T, Ayyar S, Leone M, Zong L, et al. DNA meth-
ylation drives hematopoietic stem cell aging phenotypes after 
proliferative stress. GeroScience. 2024. https://doi.org/10.1007/
s11357-024-01360-4.

10.	 Momčilović S, Bogdanovic A, Milošević M, Jakovljević D, Jauković 
A, et al. P1349: Extracellular Atp Contributes to Erythropoiesis-
Supportive Microenvironment Under Chronic Stress Condi-
tions. HemaSphere. 2023; 7(S3). https://doi.org/10.1097/01.
hs9.0000972284.25055.07.

11.	 Stoian M, Gavrilă B, Ciofu C, Turbatu A. Chronic Kidney Disease 
and Oxidative Stress. Internal Medicine. 2024; 21(3): 57-66. 
https://doi.org/10.2478/inmed-2024-0298.

12.	 Thomas JM, Huskes BM, Sobey CG, Drummond GR, Vinh A. The 
IL-18/IL-18R1 signaling axis: Diagnostic and therapeutic poten-
tial in hypertension and chronic kidney disease. In Pharmacol-
ogy and Therapeutics. 2022; 239. https://doi.org/10.1016/j.
pharmthera.2022.108191.

13.	 Li H, Li M, Liu C, He P, Dong A, et al. Causal effects of systemic 
inflammatory regulators on chronic kidney diseases and renal 
function: a bidirectional Mendelian randomization study. Fron-
tiers in Immunology. 2023; 14. https://doi.org/10.3389/fim-
mu.2023.1229636.

14.	 Rysz J, Franczyk B, Ławiński J, Gluba-Brzózka A. Oxidative stress 
in esrd patients on dialysis and the risk of cardiovascular dis-
eases. In Antioxidants. 2020; 9(11). https://doi.org/10.3390/
antiox9111079.

15.	 Cai Z, Lu X, Zhang C, Nelanuthala S, Aguilera F, et al. Hypergly-
cemia cooperates with Tet2 heterozygosity to induce leukemia 
driven by proinflammatory cytokine-induced lncRNA Morrbid. 
Journal of Clinical Investigation. 2021; 131(1). https://doi.
org/10.1172/JCI140707.

16.	 Naji NS, Sathish M, Karantanos T. Inflammation and Related Sig-
naling Pathways in Acute Myeloid Leukemia. Cancers, 16(23). 
https://doi.org/10.3390/cancers16233974

17.	 Karam, S., Rosner, M. H., Sprangers, B., Stec, R., & Malyszko, J. 
(2024). Cancer therapy in patients with reduced kidney func-
tion. Nephrology Dialysis Transplantation. 2024; 39(12): 1976-
1984. https://doi.org/10.1093/ndt/gfae142.

18.	 Olyaei AJ, Lerma EV, Tuchman SA, Sparks MA. Rational dosing of 
chemotherapy in patients with kidney failure. In Onconephrol-
ogy: Cancer, Chemotherapy and the Kidney. 2015. https://doi.
org/10.1007/978-1-4939-2659-6_6.

19.	 Fleischmann M, Schnetzke U, Hochhaus A, Scholl S. Manage-
ment of acute myeloid leukemia: Current treatment options 
and future perspectives. Cancers. 2021; 13(22). https://doi.
org/10.3390/cancers13225722.

20.	 Hosono N, Chi SG, Yamauchi T, Fukushima K, Shibayama H, et al. 
Clinical utility of genomic profiling of AML using paraffin-embed-
ded bone marrow clots: HM-SCREEN-Japan 01. Cancer Science. 
2023; 114(5). https://doi.org/10.1111/cas.15746.

21.	 Foucar K, Bagg A, Bueso-Ramos CE, George T, Hasserjian RP, et 
al. Guide to the Diagnosis of Myeloid Neoplasms: A Bone Mar-
row Pathology Group Approach. American Journal of Clinical Pa-
thology. 2023; 160(4). https://doi.org/10.1093/ajcp/aqad069.


