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Chronic myelomonocytic leukemia (CMML), a rare and malignant
hematologic disorder, is classified as a myelodysplastic/myeloprolifera-
tive neoplasm (MDS/MPN).1 It poses a significant risk of progression to
acute myeloid leukemia and is generally associated with a poor prog-
nosis.2 CMML predominantly affects older adults, and treatment often
involves demethylation therapy tailored to the patient's age and overall
health.3 However, the complete remission rate for patients with CMML
undergoing demethylation therapy is <20% and is frequently accompa-
nied with severe side effects.1 Here, we discuss the case of an 84-year-old
male diagnosed with CMML 6 years earlier, who experienced significant
bone marrow suppression following demethylation therapy. By inte-
grating multiomics data with bioinformatics, we developed and applied a
novel approach of trimetinib monotherapy. This treatment resulted in
notable improvements in hematopoietic function and overall quality of
life, offering a promising strategy for managing CMML.

In April 2017, routine health checkups revealed that the patient had
a low platelet (PLT) count. Subsequent bone marrow tests led to a
diagnosis of immune thrombocytopenia (ITP). The patient was treated
with glucocorticoids and a thrombopoietin receptor agonist, but the
response was unsatisfactory. One year later, the patient was re-
hospitalized due to prolonged skin and oral bleeding. Routine blood
tests at that time showed the following results: white blood cell (WBC)
of 9.50 � 10⁹/L, hemoglobin (Hb) of 110 g/L, PLT of 10 � 10⁹/L, and a
monocyte percentage of 17% (absolute value 1.615 � 10⁹/L)
[Figure 1A]. Based on the persistently elevated peripheral blood
monocyte count and other laboratory findings, the patient was
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diagnosed with CMML. Given the patient's advanced age and poor
overall health, a demethylation treatment strategy was initiated as the
first-line approach. However, after three cycles of decitabine, there was
no significant improvement in the patient's peripheral blood PLT levels
[Figure 1A]. Subsequently, long-term treatment with 25 mg of
eltrombopag daily was started, accompanied by weekly PLT trans-
fusions to sustain therapy. In December 2020, the patient's condition
deteriorated, with significant abdominal distension and multiple
swellings across the body. Computed tomography (CT) imaging
revealed splenomegaly and enlarged axillary lymph nodes. Positron
emission tomography (PET)/CT results showed widespread lymph node
enlargement (maximum standardized uptake value [SUVmax] 4.7) and
a marked increase in spleen size compared to scans from June of the
same year [Figure 1B]. A left axillary lymph node excisional biopsy
confirmed extramedullary infiltration consistent with CMML. As the
patient had shown resistance to decitabine during previous treatment,
two cycles of azacitidine were administered (regimen outlined in
Figure 1A). However, bone marrow assessments indicated disease
progression. A combined treatment regimen of decitabine and azaciti-
dine was then implemented. After two cycles of this combination
therapy, the patient's splenic length decreased from 17.7 cm to 14.9 cm
[Figure 1A]. Despite a reduction in tumor cell burden, bone marrow
tests revealed extreme hypoplasia, indicating severe bone marrow
suppression. At this stage, the patient's PLT count dropped to 2� 10⁹/L,
significantly increasing the risk of bleeding. Additionally, the patient's
creatinine level rose to 143 μmol/L, indicating impaired kidney func-
tion. The patient's health status and laboratory findings confirmed that
the demethylation therapy had failed. With no viable alternatives, we
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Figure 1. Treatment timeline, imaging ex-
amination, and drug prediction results. (A)
Treatment plan and corresponding periph-
eral blood platelet and monocyte counts (dac
represents decitabine; aza represents azaci-
tidine). (B) CT images of the lower left
corner show splenomegaly; CT results of the
lower left corner show enlarged axillary
lymph nodes. The right image shows the
PET/CT results. (C) PanDrugs database pre-
dicted drug list (top 10). (D) The patient's
transcriptome differential expression anal-
ysis. (E) EpiMed database predicted drug list
(top 10). aza: Azacitidine; CT: Computed
tomography; dac: Decitabine; FDR: False
discovery rate; PET: Positron emission
tomography.
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utilized multi-omics data and bioinformatics analyses to identify new
treatment options for the patient.

We first performed gene mutation analysis of the patient's bone
marrow and identified twomutations:NRAS (p.G12D, 44.01%) and TET2
(p.Q740X, 44.28%). Using the PanDrugs database,4 we predicted tar-
geted therapies for these mutations, as illustrated in Figure 1C. To further
refine the drug selection, we conducted whole-transcriptome sequencing
of the patient's peripheral blood. Differential messenger RNA (mRNA)
expression analysis revealed 282 upregulated and 772 downregulated
differentially expressed genes (DEGs), as shown in Figure 1D. The top
five upregulated genes were IGKC, PDXDC2P, RPSAP58, PYURF, and
NBPF20, while the top five downregulated genes were EEF1G, PTPRCAP,
WDR83OS, SAP25, and XIST.

Next, we utilized our team's proprietary epigenetic precision medi-
cine prediction database (EpiMed)5 to identify drugs capable of nega-
tively regulating the patient's DEGs. The drug prediction results from
EpiMed are presented in Figure 1E. By intersecting the drug prediction
174
lists from PanDrugs and EpiMed, we identified trametinib as a potential
therapeutic candidate.

The patient was started on oral trametinib at a dose of 1 mg once
daily. After 1 week without adverse events, the trametinib dose was
increased to 2 mg/day, in combination with eltrombopag at 25 mg daily.
Two weeks later, the patient's creatinine level gradually decreased to
111 μmol/L, bleeding symptoms resolved, and the need for PLT trans-
fusion therapy was eliminated. After 30 months of treatment, the patient
demonstrated significant improvement, with PLT counts rising to
280 � 10⁹/L and spleen size reducing to 12.5 cm � 5.3 cm. Ultimately,
eltrombopag treatment was discontinued, and the trametinib dose was
reduced to 1 mg/day, continuing with monotherapy to this day. The
patient has now survived for 7 years without disease progression, with a
significantly improved quality of life.

Our patient, who initially presented with thrombocytopenia, was
diagnosed with ITP and underwent appropriate treatment; however, the
response was unsatisfactory. Studies indicate that approximately 20% of
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patients with MDS or MDS/MPN are misdiagnosed as having ITP.6 This
underscores the importance of conducting retrospective analyses to
reassess the diagnoses of patients with ITP who fail to respond to con-
ventional treatments. Following the diagnosis of CMML, the patient un-
derwent seven cycles of demethylation therapy, which ultimately proved
ineffective. Genetic mutation testing revealed mutations in NRAS and
TET2. Research has shown that mutations in Ras signaling
pathway-related genes (such as NRAS and KRAS) can activate
mitogen-activated extracellular signal-regulated kinase (MEK) and its
downstream pathways, leading to excessive tumor cell proliferation and
low PLT levels.7,8 Trametinib, a specific MEK inhibitor, is commonly used
to treat unresectable or metastatic melanomas harboring BRAFV600E
and V600K mutations.9 However, a multicenter clinical trial
(NCT00920140) demonstrated that oral trametinib monotherapy also
has therapeutic effects on refractory or relapsed myeloid malignancies
with Ras-related gene mutations. Trametinib has been shown to suppress
tumor cell proliferation and increase PLT levels in affected patients.10

Furthermore, Arnold Kloos et al. found that a combination of azacitidine
and trametinib additively inhibits extracellular signal-regulated kinase
phosphorylation, thereby depleting signaling from mutated NRAS.11

However, the presence of a TET2 mutation in our patient reduced
sensitivity to demethylation therapies.12 Given the patient's prior failure
with demethylation therapy and their poor overall health, trametinib
monotherapy was determined to be the most suitable treatment option.13

In summary, the study successfully identified trametinib as an effec-
tive treatment for CMML with NRAS and TET2 mutations through the
integration of multi-omics data and bioinformatics methods. This case
serves as a representative example of the complex clinical challenges our
team has addressed. Future clinical trials of trametinib should include a
larger cohort of patients with refractory CMML to further investigate its
mechanisms of efficacy.
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