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Abstract 

Introduction  Acute myeloid leukemia is a rare event in post-liver-transplantation recipients. In the present report, we 
described a case of extramedullary acute myeloid leukemia, M4/M5 subtype, following orthotopic liver transplant.

Case presentation  The patient was a 50-year-old Iranian woman who underwent orthotopic liver transplant 
due to hepatitis B-related cirrhosis (Child C, MELD (model for end-stage liver disease score) = 22). Orthotopic liver 
transplant was performed using the piggy back technique in January 2022. Induction immunosuppressive therapy 
was 1 gm methylprednisolone for 3 days followed by a triple maintenance immunosuppressive regimen includ-
ing mycophenolate mofetil, prednisolone, and tacrolimus. About 5 months after orthotopic liver transplant in June 
2022, the patient presented with leukocytosis, with white blood cell count of 99.4 × 103/µl, and physical examination 
revealed only cervical lymphadenopathy. Biopsy of cervical lymph nodes showed a myeloid tumor. She was imme-
diately hospitalized. Eight hours after hospitalization, the patient gradually developed lethargy and decreased O2 
saturation to approximately 89%. Flow cytometry demonstrated the markers of a myelomonocytic acute myeloid 
leukemia (M4/M5). Cytoreduction was immediately started by intensive leukopheresis followed by induction therapy. 
Because of a septic complication during the induction therapy, further chemotherapy was discontinued and broad-
spectrum antibiotics and antifungal treatments started. Unfortunately, our patient died of severe septic shock 42 days 
after hospitalization.

Conclusion  Acute myeloid leukemia is a rare phenomenon after liver transplantation, and it can follow a rapidly fatal 
clinical course.
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Introduction
Liver transplantation is the main treatment for patients 
with acute liver failure and liver cirrhosis due to vari-
ous causes [1]. Despite the benefits of transplantation, it 
can have some adverse effects mainly due to direct and 
indirect effects of immunosuppressive therapy [2]; for 
example, the incidence of de novo malignancies post-
liver transplantation is up to 26% [3]. These malignan-
cies occur as a result of immunosuppressive therapy 
being initiated for posttransplant recipients [4]. De novo 
malignancies in liver transplanted patients usually have 
an aggressive behavior [5]. In orthotopic liver transplant 
(OLT) recipients, Posttransplant lymphoproliferative 
disease (PTLD) and non-PTLD tumors generally occur 
in the early phases after liver transplantation, and their 
incidence is higher than in the general population [6, 7]. 
Acute myeloid leukemia (AML) is a rare phenomenon in 
liver transplant recipients, with a wide range of compli-
cations from septicemia, progressive disease, and relapse 
to early death, which is reported in 25% of cases [4]. In 
the present report, we described a case with AML occur-
rence after OLT.

Case presentation
The patient was a 50-year-old Iranian woman with no 
familial and psychosocial history and no history of sur-
gery or any interventions or any drug usage before. 
The only past medical history of the patient was hepa-
titis B-related cirrhosis with the Child C and model for 
end-stage liver disease (MELD) score = 22 (both scores 
are utilized to predict the cirrhotic patients outcomes: 
Child–Pugh is used in the assessment of liver dysfunction 
severity and MELD is used to rank the liver transplant 
candidates based on their priority [8]) who underwent 
OLT. OLT was performed using the piggyback technique 
in January 2022. Induction immunosuppressive therapy 
was methylprednisolone (1  g) for 3  days, followed by a 

triple maintenance immunosuppressive regimen includ-
ing mycophenolate mofetil, prednisolone, and tacroli-
mus. Hepatitis B infection was successfully treated with 
the combination of hepatitis B immunoglobulin (HBIG) 
and tenofovir disoproxil fumarate.

After OLT, she was followed-up regularly according 
to our center’s standard posttransplant protocol. During 
follow-up, allograft function was normal, and other labo-
ratory findings such as blood cells and leukocyte counts 
(Table 1), as well as biochemical parameters such as liver 
enzymes, showed no abnormalities and were in the nor-
mal range. Graft sonography revealed no abnormalities 
either. The overall status of the patient was also reported 
to be good.

About 5 months after OLT, the patient presented with 
leukocytosis (WBC: 99.4 × 103/µl).

Up to this time, she was asymptomatic, and on physi-
cal examination, only cervical lymphadenopathy was 
notable; for further investigations, she was referred 
to an infectious disease specialist. She was tested for 
Epstein–Barr virus (EBV) serology, which was negative 
and underwent ultrasonography that showed multiple 
oval form lymphadenopathies in all neck zones, with the 
greatest one being the jugulodigastric node with short 
axis diameter (SAD) of 13 mm.

A guided biopsy was performed from cervical lymph 
nodes and showed hypercellular neoplastic tissue com-
posed of diffuse infiltration of blastic cells with hyper-
chromic nuclei myeloid tumor (Fig. 1).

Hypercellular neoplastic tissue composed of diffuse 
infiltration of blastic cells with hyperchromic nuclei.

The repeated complete blood count (CBC) showed 
hyperleukocytosis (WBC: 200 × 103/µl, Hb: 9.5 g/dl, 
platelet: 138 × 103/µl); therefore, she was immediately 
hospitalized. After 8  h of hospitalization, the patient 

Table 1  Hemoglobin, white blood cell, and platelet count in the 
patient after liver transplantation

Time after 
transplantation

Hemoglobin 
(g/dl)

WBC (×103/µl) Platelet (×103/µl)

Zero 10.7 4900 357,000

1 week 11 5000 385,000

2 weeks 10.4 5100 300,000

3 weeks 9.9 4600 314,000

5 weeks 11.2 3900 282,000

7 weeks 11 4050 310,000

9 weeks 11.1 4600 360,000

13 weeks 10.9 4520 343,000 Fig. 1  Lymph node histology
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gradually developed lethargy and decreased O2 satura-
tion to the SPO2 of 89%.

On peripheral blood smear, there was leukocytosis and 
many medium-sized myelomonoblasts, hypochromia, 
anisocytosis, mild thrombocytopenia, a few smudge cells, 
and basket cells. (Fig. 2).

Flow cytometry demonstrated the markers of a myelo-
monocytic AML (HLA-DR, CD 13, CD 14, CD 33, CD 
38, CD 45, CD 64). Double-positive (CD 13/CD 33) mye-
loid cells constituted 68% of blood mononuclear cells, 
and double-positive (CD 14/CD 64) monocytic cells were 
65.7% (M4/M5) (Table 2). Due to the patient’s poor con-
dition, bone marrow biopsy or aspiration (BMB/BMA) 
for cytogenetic analysis was not possible. Cytoreduc-
tion was immediately started by intensive leukopheresis 
followed by induction therapy. Because of a septic com-
plication during the induction therapy, we discontinued 
further chemotherapy and started broad-spectrum anti-
biotics and antifungal treatments. Moreover, the doses 
of immunosuppressive medications were decreased. 
Finally, despite the mentioned efforts, a severe septic 
shock occurred, and the patient expired after 42 days of 
hospitalization.

Discussion
De novo malignancy is the second leading cause of mor-
tality in liver-transplanted patients [9]. The incidence of 
malignancy after liver transplantation has been on the 
rise in the recent two decades (2000–2018) compared 
with earlier years (1987–1999) [10]. However, leukemia 
is an unusual malignancy following solid-organ trans-
plantation. The relative risk of AML in heart and lung 
transplant recipients has been estimated as 5.5%, which 
is higher than that in other solid-organ transplantations 
such as kidney and liver (3).

In the current report, based on the patient’s history 
and the presence of cervical lymphadenopathy, as well 
as a short latency period (that is, about 5  months from 
transplantation), initially posttransplant lymphopro-
liferative disease (PTLD) was suspected. PTLD occurs 
in liver transplant recipients with immunosuppression 
and Epstein–Barr virus (EBV) plays a critical role in its 
pathogenesis. Up to 2.8% of liver transplant adult recipi-
ents may develop PTLD. Its risk factors include first-year 
posttransplant, EBV–seronegativity, age above 18  years, 
and intense immunosuppression [11, 12]. However, 
this was ruled out by cervical node biopsy and negative 
EBV serology, and AML occurrence was suspected. The 
development of fatigue, weakness, and cervical lymphad-
enopathy on physical examination, besides the evidence 
of hyperleukocytosis in CBC and the findings of flow 
cytometry, suggested AML (M4/M5 subtype). However, 
BMB and BMA were not possible for cytogenetic analysis 
and confirmation of diagnosis due to the patient’s unfa-
vorable condition.

AML is characterized by the presence of > 20% blasts 
in the bone marrow or peripheral blood (6). However, 
for confirming the diagnosis and identifying the subtype, 
BMB and flow cytometry should be performed [13].

The first post-liver-transplantation AML (PT–AML) 
case was described by Thalhammer et  al. in a 65-year-
old man with hepatocellular carcinoma and cirrhosis in 
1997 [4]. About 70% of PT–AML occurs within 5  years 
of transplantation, and most of them develop during the 
first 8 years [14].

Fig. 2  The peripheral blood smear showed many myeloid 
and monocytic cells, including monoblasts and promonocytes

Table 2  Flow cytometry immunophenotyping analysis

The bolded items are indicator markers of myelomonocytic AML. The Italic items are indicative of AML M4/M5 type

HLA-DR: human leukocyte antigen-DR isotype, CD: cluster of differentiation, FCM: flow cytometry

HLA-DR 94.9 CD13 68.6 Viability: about 80%
Abnormal cells present by FCM: Yes
Percentage of cells with abnormal phenotype: About 80%
Cell size: medium
Phenotype: immature myelomonoid series

CD14 66.4 CD20 0.9

CD3 4.9 CD33 89.0

CD19 0.8 CD34 16.0

CD5 3.9 CD38 82.7

CD13/CD33 68.0 CD45 97.9

CD14/CD64 65.7 CD45 dim 92.3

CD64 74.4

DIAGNOSIS Non-M3-AML (M4/M5)
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Wu et al. reported several cases of myeloid neoplasms 
following solid-organ transplantation, including five 
cases of post-liver-transplantation AML with an inter-
val period from transplantation to leukemia diagnosis 
of 12–156  months. Moreover, they showed that AML 
occurred earlier in liver-transplanted patients than in 
those who received other solid-organ transplants [15].

Posttransplant leukemia risk factors include immu-
nosuppressive regimens, the genetic predisposition of 
the recipient and donor, advanced age, and viral infec-
tions. However, the role of background diseases such as 
primary sclerosing cholangitis (PSC), hepatitis B virus 
(HBV) infection and gender on the incidence of post-
liver-transplantation AML is unclear [16–21].

Azathioprine as an immunosuppressive agent has been 
associated with de novo malignancy in transplanted 
patients, in a report of 19 patients with AML after trans-
plantation, 16 had received azathioprine indicating its 
mutagenic properties and reinforcing the hypothesis 
that AML occurrence might be as a direct result of drug 
toxicity, unlike PTLD in which the viral infection fol-
lowing immunosuppressive condition is the main cause 
[4]. Also, high blood concentrations of tacrolimus (more 
than 20  ng/dl) have been noted to increase cancer risk 
[22]. In contrast, mycophenolate mofetil is known for 
its anticancer effects [23]. Our patient underwent a tri-
ple immunosuppressive regimen including prednisolone 
(20  mg), mycophenolate mofetil (II/bd), and tacrolimus 
(II/bd). She did not take azathioprine in the maintenance 
regimen.

The presence of hematopoietic stem cells in the liver 
suggests that post-liver-transplantation leukemia might 
be originated from the donor graft.

Bodo et  al. demonstrated the development of donor-
derived acute promyelocytic leukemia in a 57-year-old 
woman who underwent liver transplantation. In fact, 
HLA typing showed that leukemic cells in the recipient 
and donor were compatible together, confirming that 
blast cells came from the donor [24]. In another report, 
AML–M4 was diagnosed in the liver of a 43-year-old 
man who underwent liver transplantation, in whom 
tumor cells had similar HLA typing with the donor’s cells 
[25]. Unfortunately, we did not have access to the donor; 
therefore, we decided to follow a kidney recipient from 
the same donor. During 1 year after the transplantation, 
his examinations and laboratory tests, including CBC 
and other differentials, were normal, and no suspicious 
presentation was reported.

Conclusion
Solid-organ transplants, especially liver transplants, need 
intense vigilance and surveillance in the early period after 
transplant due to the risk of de novo malignancies such 
as AML and their fatal consequences, although they are 
rare..

Acknowledgements
None.

Author contributions
Study concept and design: RS, MM, AB; data acquisition: MM, RS, SAH; drafting 
of the manuscript: HK, RS; critical revision of the manuscript for important 
intellectual content: MM, HK, NS; obtained funding: none; administrative, 
technical, or material support FZ, ZZ; study supervision: RS.

Funding
None.

Availability of data and materials
The data are available with the corresponding author and can be reached on 
request.

Declarations

Ethics approval and consent to participate
An Ethics Committee for the publication of this Case Report was not applica-
ble; however, all management methods were in line with relevant guidelines.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the Editor-in-Chief of this journal.

Competing interests
Authors declare no competing interest.

Received: 22 June 2023   Accepted: 14 August 2023

References
	1.	 Starzl TE, Groth CG, Brettschneider L, Penn I, Fulginiti VA, Moon JB, Blan-

chard H, Martin AJ Jr, Porter KA. Orthotopic homotransplantation of the 
human liver. Ann Surg. 1968;168:392.

	2.	 Liver EAfTSot: EASL clinical practice guidelines: liver transplantation. J 
Hepat 2016, 64:433–485.

	3.	 Penn I. Posttransplantation de novo tumors in liver allograft recipients. 
Liver Transpl Surg. 1996;2:52–9.

	4.	 Thalhammer-Scherrer R, Wieselthaler G, Knoebl P, Schwarzinger I, 
Simonitsch I, Mitterbauer G, Berlakovich G, Mannhalter C, Haas O, 
Mayer G. Post-transplant acute myeloid leukemia (PT-AML). Leukemia. 
1999;13:321–6.

	5.	 Doycheva I, Amer S, Watt KD. De novo malignancies after transplantation: 
risk and surveillance strategies. Medical Clinics. 2016;100:551–67.

	6.	 Allen UD, Preiksaitis JK. Practice AIDCo: post-transplant lymphoprolifera-
tive disorders, epstein-barr virus infection, and disease in solid organ 
transplantation: guidelines from the American Society of Transplanta-
tion infectious diseases community of practice. Clin Transplant. 2019;33: 
e13652.



Page 5 of 5Zamani et al. Journal of Medical Case Reports          (2023) 17:398 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	7.	 LaCasce AS. Post-transplant lymphoproliferative disorders. Oncologist. 
2006;11:674–80.

	8.	 Peng Y, Qi X, Guo X. Child-Pugh versus MELD Score for the assessment 
of prognosis in liver cirrhosis: a systematic review and meta-analysis of 
observational studies. Medicine (Baltimore). 2016;95: e2877.

	9.	 Hall EC, Pfeiffer RM, Segev DL, Engels EA. Cumulative incidence of cancer 
after solid organ transplantation. Cancer. 2013;119:2300–8.

	10.	 Manzia TM, Angelico R, Gazia C, Lenci I, Milana M, Ademoyero OT, Pedini 
D, Toti L, Spada M, Tisone G. De novo malignancies after liver transplan-
tation: the effect of immunosuppression-personal data and review of 
literature. World J Gastroenterol. 2019;25:5356.

	11.	 Allen UD, Farkas G, Hébert D, Weitzman S, Stephens D, Petric M, Tellier R, 
Ngan B, Fecteau A, West L. Risk factors for post-transplant lymphopro-
liferative disorder in pediatric patients: a case-control study. Pediatr 
Transplant. 2005;9:450–5.

	12.	 Taylor AL, Marcus R, Bradley JA. Post-transplant lymphoproliferative dis-
orders (PTLD) after solid organ transplantation. Crit Rev Oncol Hematol. 
2005;56:155–67.

	13.	 Landry M, Bienz M-N, Sawan B, Temmar R, Beauregard P, Chaunt F, Lavi-
gne J, Knecht H. Bone marrow immunohistochemistry and flow cytom-
etry in the diagnosis of malignant hematologic diseases with emphasis 
on lymphomas: a comparative retrospective study. Appl Immunohisto-
chem Mol Morphol. 2020;28:508–12.

	14.	 Rashidi A, Fisher SI. Acute myeloid leukemia following solid organ trans-
plantation: entity or novelty? Eur J Haematol. 2014;92:459–66.

	15.	 Wu B, Ingersoll K, Jug R, Yang L-H, Luedke C, Lo A, Su P, Liu X, Rehder C, 
Gong J. Myeloid neoplasms following solid organ transplantation: clinico-
pathologic studies of 23 cases. Am J Clin Pathol. 2018;149:55–66.

	16.	 Caillard S, Agodoa LY, Bohen EM, Abbott KC. Myeloma, hodgkin disease, 
and lymphoid leukemia after renal transplantation: characteristics, risk 
factors and prognosis. Transplantation. 2006;81:888–95.

	17.	 Vallejo GH, Romero CJ, de Vicente JC. Incidence and risk factors for cancer 
after liver transplantation. Crit Rev Oncol Hematol. 2005;56:87–99.

	18.	 Locasciulli A, Testa M, Valsecchi MG, Bacigalupo A, Solinas S, Tomas JF, 
Ljungman P, Alberti A. The role of hepatitis C and B virus infections as 
risk factors for severe liver complications following allogeneic bmt: 
a prospective study by the infectious disease working party of the 
european blood and marrow transplantation group1. Transplantation. 
1999;68:1486–91.

	19.	 Jiang N, Hua L, Wang G-S, Zhang J, Zhang J-F, Yi S-H, Yang Y, Cai C-J, Lu 
M-Q, Chen G-H. Acute leukemia, a rare but fatal complication after liver 
transplantation. Leuk Res. 2009;33:1349–51.

	20.	 Gratwohl A. The EBMT risk score. Bone Marrow Transplant. 
2012;47:749–56.

	21.	 Bielorai B, Deeg H, Weintraub M, Neumann Y, Rosner E, Amariglio N, 
Rechavi G, Toren A. B-cell lymphoma developing in the donor 9 years 
after donor-origin acute myeloid leukemia post bone marrow transplan-
tation. Bone Marrow Transplant. 2003;31:931–4.

	22.	 Rodríguez-Perálvarez M, Germani G, Papastergiou V, Tsochatzis E, 
Thalassinos E, Luong TV, Rolando N, Dhillon AP, Patch D, O’Beirne J. 
Early tacrolimus exposure after liver transplantation: relationship with 
moderate/severe acute rejection and long-term outcome. J Hepatol. 
2013;58:262–70.

	23.	 Benjanuwattra J, Chaiyawat P, Pruksakorn D, Koonrungsesomboon N. 
Therapeutic potential and molecular mechanisms of mycophenolic acid 
as an anticancer agent. Eur J Pharmacol. 2020;887: 173580.

	24.	 Bodó I, Peters M, Radich JP, Hess J, Blinder M, Watson MS, Van Rheeden 
R, Natarajan S, Lowell JA, Brown R. Donor-derived acute promyelocytic 
leukemia in a liver-transplant recipient. N Engl J Med. 1999;341:807–13.

	25.	 Subklewe M, Nagy M, Schoch C, Jenisch S, Siebert R, Gesk S, Neuhaus 
P, Dörken B, Schmidt C. Extramedullary manifestation of a donor-
derived acute myeloid leukemia in a liver transplant patient. Leukemia. 
2004;18:2050–3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Early occurrence of acute myelomonocytic leukemia (M4M5) after liver transplantation: a case report
	Abstract 
	Introduction 
	Case presentation 
	Conclusion 

	Introduction
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


