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Case Report

Introduction

Juvenile myelomonocytic leukemia (JMML) is a rare myelo-
proliferative disorder that occurs in early childhood, often 
characterized by peripheral blood monocytosis, monosomy 
7, dysplastic bone marrow, granulocyte-macrophage colony-
stimulating factor (GM-CSF) hypersensitivity, and increased 
fetal hemoglobin.1,2 The standard treatment for JMML is 
chemotherapy followed by hematopoietic stem cell trans-
plantation (HSCT), but the relapse rate for children with 
JMML status post-HSCT approaches 50% within 5 years1,3,4 
and remains the main cause of therapy failure and mortality.

Progress has been made in understanding the molecular 
genetics and mechanisms of this disorder, implicating hyperac-
tive RAS as essential initiating event.5 Hyperactive RAS muta-
tion also has an effect on the PI3K/Akt/mTOR pathway, which 
is involved in numerous cellular processes such as cell growth, 
survival, and death.6-8 Rapamycin, a commonly used immuno-
suppressant, inhibits the mTOR pathway, and it is currently 
being used after HSCT for prevention of graft-versus-host dis-
ease (GVHD). In addition, preclinical evidence suggests a 
potential therapeutic role for mTOR inhibition in JMML.9 In 
this case report, we describe an infant with JMML status post-
HSCT with evidence of graft loss and disease recurrence, but 
currently doing well following withdrawal of immunosuppres-
sion and initiation of rapamycin.

Case Report

A 7-month-old Hispanic female presenting initially with 
anemia, thrombocytopenia, elevated white cell count, and 

splenomegaly.10 The results of the bone marrow biopsy were 
as follows: negative monosomy 5 or 7, trisomy 8, 9:22 
translocation or neurofibromatosis type 1 gene deletion. 
Studies confirmed GM-CSF hypersensitivity and N-RAS 
mutation. The bone marrow was also negative for partial 
deletions of the long arms of chromosomes 5, 7, and 20. The 
patient met diagnostic criteria for JMML. She was initially 
treated with intensive chemotherapy that consisted of fluda-
rabine 30 mg/m2/day × 5 days, cytarabine 2 g/m2/day × 5 
days, and isotretinoin 100 mg/m2/day continuously. She tol-
erated cycles 1 and 2 of chemotherapy relatively well; how-
ever, isotretinoin had to be held during the first cycle 
secondary to severe skin rash. The patient responded to che-
motherapy, and the liver and spleen decreased significantly 
in size. She then received 2 more cycles of chemotherapy in 
preparation for progression into HSCT 4 months from diag-
nosis, with bone marrow remission and no hepatospleno-
megaly. Due to the high risk of relapse, our group decided to 
use a radiation-containing regimen despite the patient’s age, 
with the addition of ATG for an umbilical cord blood graft. 
The patient was conditioned with total body irradiation 
(1200 Gy fractioned into 8 doses from day −7 to day −4), 
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cyclophosphamide 60 mg/kg/day × 2 days (days −3 and −2), 
rabbit ATG (Thymoglobulin, Genzyme) 3 mg/kg/day × 2 
days (days −2 and −1), and then received a 5/6 unrelated 
umbilical cord transplant (A locus mismatch).11,12 The cord 
blood total nucleated cell (TNC) was 89.38 × 107 in 55 mL, 
resulting in TNC dose of 9.6 × 107 TNC/kg and CD34+ cell 
dose of 6.47 × 105 cells/kg. Neutrophils were engrafted on 
day +15, the patient was discharged on day +22, and platelet 
engraftment was documented on day +36. She was initially 
started on cyclosporine (intravenously continuous at 5 mg/
kg/day on day −2) and methylprednisolone (1 mg/kg/day 
starting on day +3) for GVHD prophylaxis. After transplan-
tation, her spleen dimensions returned to appropriate size 
for age and she had full donor engraftment, as determined 
by restriction fragment length polymorphism of cellular 
DNA (RFLP). Immunosuppression was prolonged due to 
the development of incipient hemolytic anemia due to HSCT 
blood mismatch (patient was O Rh positive and the umbili-
cal cord blood was A Rh positive). At 9 months posttrans-
plantation, she was diagnosed with relapsed JMML, 
presenting hepatosplenomegaly and fevers. RFLP studies in 
the bone marrow demonstrated less than 20% donor DNA. 
Her immunosuppression drugs were completely withdrawn 
and she developed grade III GVHD. The maximum mani-
festations of acute GVHD were stage 3 skin, stage 2 liver, 
stage 0 gastrointestinal, and chronic GVHD was extensive 
skin rash and abnormal LFTs with confirmatory biopsy.

The patient’s GVHD was successfully controlled by initi-
ating rapamycin at the dose of 0.01 mg/kg. Now about 77 
months later, this patient remains on rapamycin at low dose 
(0.14 mg/m2/day) and her malignancy is in remission, with 
stable donor engraftment in peripheral blood (68% donor 
DNA at 3 years after relapse, 77% donor DNA at 5 years 
after relapse), and complete resolution of her organomegaly. 
Over the last year, her blood counts were white blood cells 
4.8 to 9.5 × 103/µL, hemoglobin 11.4 to 12 g/dL, platelets 
280 to 420 × 103/µL, and absolute neutrophil count 1.8 to 5.4 
× 103/µL, never showing any blasts or dysplastic cells.

Discussion and Conclusion

JMML is a rare malignancy that makes up less than 1% of all 
childhood leukemias.13 Currently, there is no consistently effec-
tive treatment of JMML. Chemotherapy alone is rarely suffi-
cient to cure these patients, and HSCT has only been shown to 
extend survival.3,14-16 The relapse rate for children with JMML 
status posttransplantation remains as high as 50% within 5 
years.1,3,17 For this reason, attempts have been made to optimize 
the transplantation conditioning regimens to improve survival. 
The other transplantation variable that may impact event-free 
survival is GVL.18,19 The potential impact of GVHD on relapse 
has previously been described for many types of leukemia 
including some patients with JMML.2,20-22 A case by Tanoshima 
et al21 reported a 13-month-old female who received an unre-
lated cord blood transplant for JMML. The patient had disease 

progression even after the conditioning regimen, which con-
sisted of busulfan, fludarabine, and melphalan. However, com-
plete remission was achieved with the development of GVHD 
and decreased immunosuppression. The case shows that GVL 
can be effective against JMML. A report from Orchard et al22 
described a 4-year-old girl who relapsed early after an unrelated 
donor HSCT. There was evidence of blast cells and a decrease 
in donor DNA by polymerase chain reaction–based VNTR 
(variable nucleotide tandem repeat). Immunosuppression was 
then withdrawn, and the patient then developed GVHD. Repeat 
peripheral blood and marrow VNTR testing then showed an 
increase in donor DNA. Another report20 described treating a 
relapsed JMML patient after HSCT by using donor lymphocyte 
infusions. All these cases demonstrate that GVL may affect 
JMML. Immediate discontinuation of GVHD prophylaxis in 
patients with disease recurrence after allogeneic HSCT may 
lead to remission of malignancy, but can lead to chronic GVHD.1

Targeted therapy may also play an important role in pre-
venting disease progression. Searching for compounds that 
would be able to inhibit various components of the signaling 
transduction pathways in JMML has been an area of signifi-
cant interest.23 A known pathway that is involved in JMML 
and has been studied is the RAS pathway. RAS mutations 
have been known to activate PI3/Akt/mTOR. This PI3/Akt/
mTOR pathway can be inhibited by rapamycin.8 Rapamycin 
can bind to the binding protein FK506 and FKBP-12, which 
can then bind to and inhibit mTOR. Rapamycin is a US Food 
and Drug Administration–approved drug that is being used 
as an immunosuppressant in solid organ transplants as well 
as HSCT to prevent GVHD. Because rapamycin causes 
mTOR inhibition it may also provide an antileukemic effect 
as well as serve as an immunomodulator.

Patients with JMML who relapse following HSCT may 
benefit from interventions that may include targeted thera-
pies and careful immunomodulation, thus maximizing the 
GVL effect, as demonstrated in our case report.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
Funding support provided by NIH T-32 Developmental Hematology 
Training Grant to SYU, and provided by Hyundai Hope on Wheels 
Research Scholar Award, UCLA Clinical and Translational Science 
Institute Grant UL1TR000124, UCLA Children’s Discovery and 
Innovation Institute (K-12 UCLA Child Health Research Center 
Development Award), STOP CANCER Foundation, and American 
Society of Hematology Scholar Award to SND.

Ethics Approval

Ethical approval to report this case was obtained from UCLA 
Institutional Review Board (#11-002997).



Upadhyay et al	 3

Informed Consent

Written informed consent was obtained from a legally authorized 
representative for anonymized patient information to be published 
in this article.

References

	 1.	 Locatelli F, Niemeyer CM. How I treat juvenile myelomono-
cytic leukemia. Blood. 2015;125:1083-1090.

	 2.	 Ohta H, Kawai M, Sawada A, et al. Juvenile myelomonocytic 
leukemia relapsing after allogeneic bone marrow transplanta-
tion successfully treated with interferon-alpha. Bone Marrow 
Transplant. 2000;26:681-683.

	 3.	 Locatelli F, Nöllke P, Zecca M, et al. Hematopoietic stem cell 
transplant (HSCT) in children with juvenile myelomonocytic 
leukemia (JMML): results of the EWOG-MDS/EBMT trial. 
Blood. 2005;105:410-419.

	 4.	 Yabe M, Ohtsuka Y, Watanabe K, et  al. Transplantation for 
juvenile myelomonocytic leukemia: a retrospective study of 30 
children treated with a regimen of busulfan, fludarabine, and 
melphalan. Int J Hematol. 2015;101:184-190.

	 5.	 Kalra R, Paderanga D, Olson K, Shannon K. Genetic analysis 
is consistent with the hypothesis that NF1 limits myeloid cell 
growth through p21ras. Blood. 1994;84:3435-3439.

	 6.	 Downward J. Mechanisms and consequences of activation 
of protein kinase B/Akt. Curr Opin Cell Biol. 1998;10:262-
267.

	 7.	 Raught B, Gingras AC, Sonenberg N. The target of rapamycin 
(TOR) protein. Proc Natl Acad Sci U S A. 2001;98:7037-7044.

	 8.	 LoPiccolo J, Blumenthal GM, Bernstein WB, Dennis PA. 
Targeting the PI3K/Akt/mTOR pathway: effective com-
binations and clinical considerations. Drug Resist Updat. 
2008;11(1-2):32-50.

	 9.	 Lui Y, Castleberry R, Emanuel P. PTEN deficiency is a com-
mon defect in juvenile myelomonocytic leukemia. Leuk Res. 
2009;33:671-677.

	10.	 Upadhyay S, Moore TB. Use of rapamycin in a patient with 
JMML—a case report. Poster 507. Pediatr Blood Cancer. 
2012;58(7):1022.

	11.	 Stieglitz E, Ward AF, Gerbing RB, et  al. Phase II/III trial 
of a pre-transplant farnesyl transferase inhibitor in juvenile 

myelomonocytic leukemia: a report from the Children’s 
Oncology Group. Pediatr Blood Cancer. 2015;62:629-636.

	12.	 Gonzalez M, Perez A, Ramirez M, Sevilla J, Madero L, Diaz 
MA. Fludarabine-based reduced-intensity conditioning for 
allogeneic transplantation in children with malignant and non-
malignant diseases. Biol Blood Marrow Transplant. 2007;13(2 
supp; 61):162.

	13.	 Aricò M, Biondi A, Pui CH, et al. Juvenile myelomonocytic 
leukemia. Blood. 1997;90:479-488.

	14.	 Altman AJ. Chronic leukemias of childhood. In: PA Pizzo 
and DG Poplack, eds. Principles and Practice of Pediatric 
Oncology. Philadelphia, PA: Lippincott; 1993:501-518.

	15.	 Lilleyman JS, Harrison JF, Black JA: Treatment of juvenile 
chronic myeloid leukemia with sequential subcutaneous cyta-
rabine and oral mercaptopurine. Blood. 1977;49:559-562.

	16.	 Chan HS, Estrov Z, Weitzman SS, Freedman MH. The value 
of intensive combination chemotherapy for juvenile chronic 
myelogenous leukemia. J Clin Oncol. 1987;5:1960-1967.

	17.	 Alsultan A, Jarrar M, Mushaqbah W, Al-Sudairy R, Jawdat 
D. Successful second unrelated cord blood transplantation 
in a child with juvenile myelomonocytic leukemia. Pediatr 
Transplant. 2014;18:651-652.

	18.	 Barrett AJ. Mechanisms of graft vs leukemia reaction. Stem 
Cells. 1997;15:248-258.

	19.	 Truitt RL, Johnson BD. Principles of graft versus leukemia 
reactivity. Biol Blood Marrow Transplant. 1995;1:61-68.

	20.	 Worth A, Kanchana R, Webb D, Chesselss J, Passmore J, Veys 
P. Successful treatment of juvenile myelomonocytic leukemia 
relapsing after stem cell transplantation using donor lympho-
cyte infusion. Blood. 2003;101:1713-1714.

	21.	 Tanoshima R, Goto H, Yanagimachi M, Kajiwara R, Kuroki F, 
Yokota S. Graft versus leukemia effect against juvenile myelo-
monocytic leukemia after unrelated cord blood transplantation. 
Pediatr Blood Cancer. 2007;50:665-667.

	22.	 Orchard PJ, Miller JS, McGlennen R, Davies SM, Ramsay 
NK. Graft-versus-leukemia is sufficient to induce remission in 
juvenile myelomonocytic leukemia. Bone Marrow Transplant. 
1998;22:201-203.

	23.	 Loh ML. Recent advances in the pathogenesis and treat-
ment of juvenile myelomonocytic leukaemia. Br J Haematol. 
2011;152:677-687.


