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Background: Juvenile myelomonocytic leukemia (JMML), which is predominantly found
in infants, is a clonal abnormality of pluripotent hematopoietic stem cells and presents
with the symptoms of both myeloproliferative tumors and myelodysplastic syndromes.
Estimates have shown that ~20 cases of JMML occur annually in Japan. Ornithine
transcarbamylase deficiency (OTCD), the most common among all urea cycle disorders
(UCDs), occurs in 1 of 80,000 people in Japan.

Case Presentation: A 10-month-old infant who had fever, vomiting, and diarrhea
for 2 days was referred to our hospital for the following abnormalities in blood
tests: white blood cell count, 48,200/pL; hemoglobin, 9.0 g/dL; and platelet count,
135,000/p.L. Bone marrow examination showed a nucleated cell count of 396,000/mm?
and blast cell count of 5.0%, as well as decreased mature granulocyte count and
slightly myeloperoxidase stain-negative blasts but no monoclonal cell proliferation on
May-Giemsa staining. Colony assay showed the proliferation of spontaneous colony
and high sensitivity to granulocyte-macrophage colony-stimulating factor. Genetic
analysis of peripheral blood mononuclear cells showed that the patient was positive
for neuroblastoma RAS (NRAS) mutation. The patient was ultimately diagnosed with
JMML. Approximately 170 days after his first hematopoietic stem cell transplantation
(HSCT), the patient’s JMML relapsed. Shortly after the recurrence, nausea, vomiting,
hyperventilation, and decreased vitality were observed, followed by a decrease in the level
of consciousness. The patient’s ammonia level was 472 wmol/L. A test for seven different
genetic mutations for the UCD showed the presence of c. 119G>A (amino acid change
p. Arg40His). As such, late-onset OTCD was added to his diagnosis. Administration of
sodium phenylacetate, I-arginine hydrochloride, and carnitine was continued following
the diagnosis of OTCD, after which hyperammonemia was not observed. Regarding
JMML relapse, HSCT was performed on day 405 after the first transplantation.
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Conclusion: Hyperammonemia should be considered a differential diagnosis when
unexplained and non-specific symptoms occur during the treatment of hematologic
malignancies. Patients should be tested for UCD as a cause of hyperammonemia, and
treatment for hyperammonemia should be continued until the cause is identified. The
patient shows normal developmental progress, has an intact neurological status, and has
not experienced another hyperammonemia attack. His JMML has remained in remission

for over 3 years.

Keywords: juvenile myelomonocytic leukemia, ornithine transcarbamylase deficiency, urea cycle disorder,
hyperammonemia, hematopoietic stem cell transplantation, chemotherapy

INTRODUCTION

Juvenile myelomonocytic leukemia (JMML) is a clonal
abnormality of pluripotent hematopoietic stem cells, which
is predominantly observed in infants and presents with
the symptoms of both myeloproliferative tumors and
myelodysplastic syndromes (1). Estimates have shown that
approximately 20 cases of JMML occur annually in Japan, with
the median age at diagnosis being 2 years (2). A suspected case
of JMML typically presents with non-specific constitutional
signs and symptoms, such as fever, infection, pallor, bleeding,
cough, poor weight gain, maculopapular rash, lymphadenopathy,
moderate hepatomegaly, marked splenomegaly, leukocytosis,
absolute monocytosis, anemia, and thrombocytopenia (3).

Ornithine transcarbamylase deficiency (OTCD) is an X-linked
genetic disorder that prevents the breakdown and excretion of
ammonia. This allows ammonia to attain toxic levels, which
affect the central nervous system (4). OTCD is the most common
among all urea cycle disorders (UCDs) (5), and occurs in 1 of
80,000 people in Japan (6, 7). Male neonates with OTCD often
experience ammonia toxicity, protein intolerance, and die within
a week after birth. However, those with late-onset OTCD (age
at onset, >28 days) present with a wide range of symptoms
that range from asymptomatic phenotype to hyperammonemia,
coma, and death (8, 9).

To the best of our knowledge, there has been no report on a
case presenting with both JMML and OTCD. Herein, we report
the case of an infant boy diagnosed with late-onset OTCD who
developed hyperammonemia at relapse after hematopoietic stem
cell transplantation (HSCT) for JMML.

CASE PRESENTATION

A 10-month-old infant who had fever, vomiting, and diarrhea
for 2 days was referred to our hospital owing to blood
test abnormalities. He had no family history of OTCD. He
had neither abnormal eating habits nor poor appetite nor
insidious symptoms such as liver disorders, behavioral disorders,
psychiatric symptoms, growth delay, and developmental delay.
His laboratory data were as follows: white blood cell count
(WBC), 48,200/pL [normal range (NR): 7,000-15,000/LL];
hemoglobin count, 9.0 g/dL (NR: 13.5-18.0 g/dL); platelet
count, 135,000/pnL (NR: 150,000-330,000/L); and C-reactive

protein content, 10.3 mg/dL (NR: <0.3 mg/dL). The patient
had a height of 69.5cm [—1.8 standard deviation (SD)] and
a weight of 8,800g (—0.4 SD). His vital signs showed an
abnormal body temperature of 39.4°C and a heart rate of 164
beats/min. Physical examination revealed pigmented papules
scattered over his extremities, a liver palpable 5cm in the
right hypochondriac region, and a spleen palpable 6cm in
the left hypochondriac region. The initial laboratory tests
conducted at our facility showed the following results: WBC
count, 60,900/L; neutrophilic rate, 37.7%; lymphocyte rate,
42.7%; monocyte rate, 19.1% (3-9%); hemoglobin count, 9.1
g/dL; platelet count, 145,000/ L; fetal hemoglobin level, 19.1%
(NR: <1.2%); aspartic aminotransferase level, 63 TU/L (NR:
20-45 IU/L); alanine aminotransferase level, 36 IU/L (NR: 4-
24 TU/L); gamma-glutamyl transpeptidase level, 40 IU/L (NR:
5-17 1U/L); and ammonia level, 83 pg/dL (NR: <80 pg/dL).
Bone marrow examination showed a nucleated cell count of
396,000/mm?, megakaryocyte count of 0/mm?>, monocyte rate
of 5.4%, blast cell count of 5.0%, and myeloid to erythroid
ratio of 3.41. It also showed decreased mature granulocytes
and count and slightly myeloperoxidase stain-negative blast
cells but no monoclonal cell proliferation using May-Giemsa
staining (Figure 1). Colony assay showed spontaneous colony
proliferation and high sensitivity to granulocyte-macrophage
colony-stimulating factor. Genetic analysis of peripheral blood
mononuclear cells showed that the patient was positive for
neuroblastoma RAS (NRAS) mutation [Codon 12, 13 mutation-
positive ¢.35G>A (amino acid change p.G12D)]. No germline
mutation of NRAS was observed. Chromosome analysis showed
a normal karyotype. Based on these findings, the patient was
diagnosed with JMML.

Figure 2 shows the clinical course of the patient. He had
never been treated with any cytoreductive therapy before the
first HSCT. After being transferred to an HSCT facility, he was
pretreated with busulfan (1.2 mg/m? for 4 days), fludarabine
(30 mg/m? for 4 days), and melphalan (90 mg/m? for 2 days)
and underwent an allogeneic cord blood transplantation (CBT)
8 months after the diagnosis of JMML. The acute clinical course
after CBT was unremarkable, and the complete chimera was
confirmed on day 25. On day 66, cytomegalovirus pneumonia
was observed; the patient was treated with ganciclovir, and he
showed a mild recovery. On day 87, pulmonary hypertension was
noted, which was treated with steroids and sildenafil. On day 153,
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FIGURE 1 | Bone marrow examination showed a decrease in mature
granulocytes and slight myeloperoxidase stain-negative blast cells but no
monoclonal cell proliferation with May-Giemsa staining.

hypertension was noted, and the patient was subsequently treated
with antihypertensive drugs. On day 167, the patient suffered
from tubulopathy and nephrotic syndrome, but he showed mild
recovery after hyperbaric medicine treatment. Throughout this
course, ammonia levels were normal after several measurements.

On approximately day 170, hematopenia (WBC, 2,600/pL;
hemoglobin, 11.0 g/dL; and platelet count, 69,000/LL)
appeared gradually, and on day 179, a positive peripheral
blood mononuclear cell NRAS mutation was confirmed, which
appeared to have relapsed. Tacrolimus, which was used for
managing various complications that could not be ruled
out as graft-versus-host disease, was difficult to discontinue.
Mercaptopurine hydrate (50 mg/m?) was then started; however,
immediately following administration, nausea, vomiting,
hyperventilation, and decreased vitality were observed, followed
by a decrease in the level of consciousness. At the start of the
medication, his WBC count was 2,300/jLL, and chimerism at this
time was not confirmed. The ammonia level on the 10th day
after the onset of these symptoms was 472 pmol/L and carbon
dioxide partial pressure decreased with respiratory alkalosis
(pCO; 23.8 mmHg), which was determined to have been caused
by hyperammonemia. Administration of sodium phenylacetate
(250 mg/kg), L-arginine hydrochloride (400 mg/kg), and sodium
benzoate (250 mg/kg) was then initiated. On day 222 (19 days
after the start of the medication), mercaptopurine hydrate
was discontinued. Considering his extremely high ammonia
levels, we also began preparations for hemodialysis. However,
his ammonia levels quickly dropped and normalized (115
pmol/L at 12h, 70 wmol/L at 24 h after the initiation of nitrogen
scavenger therapy), accompanied by the rapid disappearance
of all symptoms. At the onset of the hyperammonemia attack,
the nephrotic syndrome persisted; therefore, potassium intake
was restricted due to poor potassium excretion caused by
tubular damage. The nitrogen scavenger therapy was gradually

reduced after referring to the ammonia levels and blood amino
acid analysis results and was finally stopped. No neurological
sequelae were observed. Plasma amino acid analysis showed
high glutamate levels and normal citrulline levels, with urinary
organic acid analysis showing the presence of high orotic acid
levels. A test for seven different genetic mutations for the UCD
showed ornithine transcarbamylase (OTC) gene mutation
[c. 119G>A, (amino acid change p. Arg40His)]. Thereafter,
late-onset OTCD was added to his diagnosis. None of his blood
relatives had UCD and he did not present with any symptoms
of suspected hyperammonemia. Administration of sodium
phenylbutyrate, L-arginine hydrochloride, and carnitine was
resumed after the diagnosis of OTCD, and no hyperammonemia
was observed. Four cycles of azacytidine (75 mg/m? for 3 days)
were administered for the bridging therapy before HSCT. The
ethical aspects of the use of azacytidine were reviewed and
approved by the institutional review board of Saga University
Hospital (approval date: September 3, 2018).

Regarding the relapse of JMML, he was pretreated with
fludarabine (30 mg/m? for 5 days) and melphalan (90 mg/m? for
2 days). Subsequently, he underwent unrelated allogeneic bone
marrow transplantation on day 405 after the first transplant and
on day 165 after the onset of hyperammonemia. Administration
of the nitrogen scavenger agents, sodium phenylacetate (250
mg/kg) and L-arginine hydrochloride (125 mg/kg), was resumed
in time with the second HSCT (immediately after the genetic
diagnosis of OTCD), and HSCT was completed safely without
inducing another hyperammonemia attack. We introduced a
protein intake limit of 1.5g per body weight per day. The
complete chimera was confirmed on day 29. He shows normal
developmental progress, with an intact neurological status,
and has not experienced another hyperammonemia attack.
Furthermore, he has no abnormal eating habits. His JMML has
remained in remission for over 3 years.

DISCUSSION

The present case presents an extremely rare combination of
JMML and OTCD. One noteworthy aspect of the present case is
the proven involvement of congenital UCD in the pathogenesis
of hyperammonemia associated with cancer treatment. The
incidence of JMML and OTCD is 1-2/million and 1/80,000,
respectively (6, 7, 10), which suggests the extremely low
frequency of complicated cases. OTC is present at Xp21, whereas
NRAS is present at 1p13.2. Considering that these two diseases
have unrelated genetic mutations, the probability of encountering
a case with a combination of JMML and OTCD, as in the present
case, was astronomically low. Despite including not only JMML
but also hematologic oncology diseases and chemotherapy-
related cases in our literature search, we found no reports on
hyperammonemia with underlying OTCD.
Chemotherapy-related hyperammonemia was first reported
in the 1980s (11, 12), followed by cases occurring after HSCT
(13). In most cases, no obvious cause was identified, and the
disease was reported as idiopathic hyperammonemia. We
have no knowledge regarding any report demonstrating the
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FIGURE 2 | Patient’s clinical course and treatment for juvenile myelomonocytic leukemia and complications. Tac, tacrolimus; PSL, prednisolone; 6-MP,
6-mercaptopurine; HSCT, hematopoietic stem cell transplantation; OTCD, ornithine transcarbamylase deficiency.

involvement of an inherited metabolic disease, as observed
in the present case. Although there has been a report of
those associated with 5-fluorouracil, ammonia is a known
metabolite of 5-fluorouracil, with evidence showing a transient
and favorable course (14). Only one case has been reported,
in which the disease developed during the early steroid
treatment phase of acute lymphocytic leukemia (15). No
previous reports have suggested an association between
hyperammonemia and mercaptopurine, which is the most
recently used chemotherapy drug in the present case. There is
an exceptional report of a case of acquired carbamoylphosphate
synthetase 1 deficiency following transplantation in which the
pathogenesis was presumed (16). Chemotherapy-associated
idiopathic hyperammonemia may be a multifactorial condition
with various onset times, causative agents, and underlying
diseases. However, as noted in the present case, UCD should
also be considered. Symptoms of hyperammonemia are
non-specific and include nausea, vomiting, lack of vigor,
seizures, and impaired consciousness, which are relatively
frequently encountered during chemotherapy. When abnormal
neurological findings are observed, differentiating them from
those caused as a result of the disease treatment should be a
priority, including direct central damage by anticancer drugs,
central nervous system metastasis of malignancy, thrombosis,
and hemorrhage, although measuring ammonia levels has also
been considered important. In addition, if hyperammonemia is
observed, even during chemotherapy, UCD should be considered
a potential cause. Therefore, clinicians should have a detailed

knowledge of the presenting signs and history of the patient to
suspect UCD (17).

OTCD is known to be triggered by starvation, infection, fever,
vomiting, excessive protein intake, gastrointestinal bleeding,
excess glucocorticoids, and various drugs (18, 19). The severity
of male OTCD is correlated with the deleterious mutation
that results in structural changes in the OTC protein. In a
Japanese nationwide study, c.119G>A of OTC mutation was
found to be the most common variant and was observed in
male patients with late-onset OTCD (20). The timing of the
hyperammonemia attacks in the patient was consistent with
that observed in the previous reports. In the present case,
the patient had good tolerance to various drugs (ganciclovir,
tacrolimus, azacytidine, fludarabine, melphalan, and busulfan).
It is noteworthy that some of the medications used in
the patients included high-dose chemotherapy. High-dose
chemotherapy during both transplantations did not trigger
hyperammonemic attacks associated with OTCD, suggesting
that the intensity of chemotherapy was not necessarily the
only factor involved in the development of the disease. We
found no reports linking mercaptopurine to hyperammonemic
attacks associated with UCDs. However, mercaptopurine most
likely triggers hyperammonemic attacks. In our case, this drug
was administered for disease control during recurrence; it may
have caused tumor collapse, which consequently served as
a source of nitrogen. We hypothesized that tumor collapse
alone provided a sufficient source of nitrogen to cause the
hyperammonemic attack. However, this hypothesis hardly
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explains the entire course of our patient’s hyperammonemic
attack, and no facts can support specific evidence for other
causal hypotheses. For example, allopurinol, which indirectly
affects the urea cycle, was not administered. The patients’ protein
intake was approximately 1.5 g/kg/day immediately before the
hyperammonemic attack onset. Moreover, the patient did not
receive parenteral nutrition. Therefore, mercaptopurine is a
highly suspected agent because of its temporal anteroposterior
relationship with hyperammonemic attacks. Unfortunately,
neither an association nor a pathophysiologically plausible
hypothesis could be found in known reports. The onset of OTCD
occurred at a time when the child had multiple uncontrollable
problems, including post-transplantation relapse and various
post-transplantation complications. Davies et al. reported that
the post-transplantation onset of idiopathic hyperammonemia
occurred at a median onset time of 25 days, with the latest
onset occurring at 106 days (13). It can be argued that post-
transplantation hyperammonemia, although common during the
acute post-transplantation period, is not necessarily unique to the
acute period. The timing of the onset of the hyperammonemia
attack in the current case was as late as day 223 after the
first transplantation. Post-transplantation management requires
long-term follow-up, including hyperammonemia. Mitchell et
al. reported that postmortem examination of the liver in five
patients failed to reveal ultrastructural evidence characteristic of
the Reye’s syndrome (11). In addition, Frere et al. hypothesized
the involvement of gastrointestinal hemorrhage and infection
as pathological causes of hyperammonemia after HSCT (21).
However, this hypothesis is not strong, and these conditions
are not likely to be associated with the induction of seizures in
our patient’s case. Almost all published studies concluded that
post-HSCT hyperammonemia is idiopathic (22). In addition, the
present case showed that the second transplantation could be
safely managed without acute attacks of OTCD by introducing
the nitrogen removal treatment in advance. If hyperammonemia
is observed during chemotherapy or after transplantation, we
believe that continuing the treatment for hyperammonemia until
and after identifying the cause is imperative because many deaths
have been reported in several studies regarding unexpected
hyperammonemia during chemotherapy (11-13). The clinical
outcome of our patient was excellent, and he is currently showing
normal developmental range, with an intact neurological status
and has not experienced another hyperammonemia attack. His
JMML has remained in remission for over 3 years. Kido et al.
reported that patients with UCD with a maximum ammonia
concentration of >360 pwmol/L either died (15%, 11/74) or
developed mental retardation (51%, 38/74) (23). Fortunately,
our patient is doing well at present and has no neurological
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