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Myelofibrosis (MF) is a philadelphia chromosome-negative chronic
myeloprolifera- tive neoplasm.It has a worse prognosis than polycythemia vera
and essential thrombocy- themia.At present,both Chinese and foreign guidelines
recommend ruxolitinib as first-line treatment for IPSS/DIPSS/DIPSS-Plus patients
with splenomegaly in intermediate-risk-2 and high-risk MF-CP.However,long-
term follow-up revealed possible increase in the discontinuation rate of
ruxolitinib due to drug resistance and other reasons with the prolongation of
the treatment duration. At this study,it imposes a great challenge for clinical
management owing to the lack of standard treatment for patients who have lost
efficacy due to drug resistance,and the absence of subsequent treatment
strategies. Significantly, venetoclax combined with azacytidine, with or without
the use of ruxolitinib, was reported to be effective and safe for patients in MF-
accelerated/acute phase.Here, we report a case of MF-CP patient who was
unresponsive to ruxolitinib, with therapeutic response after applying venetoclax
and azacytidine in combination with ruxolitinib. After treatment, the patient
showed improved condition. After two courses of treatment with venetoclax
and azacytidine combined with ruxolitinib, the patient has been continuously
treated with oral ruxolitinib and has achieved a therapeutic effect for more than 1
year. The treatment response of this patient we reported provides a new safe and
effective treatment method for MF-CP patients who are no longer responsive
to ruxolitinib.
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Introduction

Myelofibrosis(MF) is a philadelphia chromosome-negative
chronic myeloproliferative neoplasm characterized by anemia,
leucocytosis or hypoplasia, thrombocytosis or hypo- plasia,
hepatosplenomegaly, constitutional symptoms, and fibrous tissue
proliferation in the bone marrow. As a heterogeneous
myeloproliferative phenotype, MF has varied survival time, ranging
from several months to several years. MF has a worse prognosis than
polycythemia vera and essential thrombocythemia. At present, the
only solution for this condition is allogeneic hematopoietic stem cell
transplantation, yet accompanied by high treatment-related mortality
and transplant- related complications (1).

According to COMFORT-1 and COMFORT-2 studies,
Ruxolitinib was effective in reducing spleen size, alleviating MF,
and improving the quality of life in MF-chronic phase (CP) patients
from moderate-risk-2 and high-risk groups; and it can significantly
prolong overall survival (OS), with a median OS of 5.3 years (2-4).
Both Chinese and foreign guidelines recommend ruxolitinib as
first-line treatment for IPSS/DIPSS/DIPSS-Plus patients with
splenomegaly in intermediate-risk-2 and high-risk MF-CP (1, 5).
However, long-term follow-up revealed possible increase in the
discontinuation rate of ruxolitinib due to drug resistance and other
reasons with the prolongation of the treatment duration (6, 7). For
these patients the NCCN guideline recommend treatment with
Fedratinib, Pacritinib or Momelotinib (5). However, in China, none
of these drugs are available.

Significantly, v enetoclax combined with azacytidine, with or
without the use of ruxolitinib, was reported to be effective and safe
for patients in MF-accelerated/acute phase (8-10). To our
knowledge, for MF-CP patients who are no longer responsive to
ruxolitinib, there is no report on the effectiveness of combined
therapy using venetoclax (VEN) and azacytidine (AZA) with
ruxolitinib (RUX). Here is our report of one MF-CP patient who
was unresponsive to ruxolitinib, with therapeutic response after
applying venetoclax and azacytidine in combination with
ruxolitinib. This is an exploratory study. This case report may
provide a new safe and effective strategy for clinical management.

Case presentation

In April 2018, a 55-year-old female patient experienced
discomfort in the left abdomen. A complete blood count (CBC)
showed anaemia, with a white blood cell count of 3.8 x 10° cells/L,
hemoglobin of 97 g/L, and platelet count of 160 x 10° cells/L, with
no visible circulating blasts in the peripheral blood. Abdominal
ultrasound: splenomegaly (intercostal thickness of about 7.1cm,
length and diameter of about 23cm), and hepatomegaly. The bone
marrow cytology and flow cytometry showed normal proliferation,
without abnormal phenotypes or blast cells. Chromosomal analysis
showed a normal karyotype. Gene detection in bone marrow: BCR-
ABL fusion gene negative, and JAK2V617F positive. Bone marrow
biopsy indicated reticular fibers (+), significant fibrous tissue
proliferation in the medullary cavity(MF grade 2), visible myeloid
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and erythroid cells, increased number of megakaryocytes, and
strange nuclei with excessive lobulation of megakaryocytes. Based
on these examinations, the patient was diagnosed with
myeloproliferative neoplasm, MF-CP(IPSSintermediate-risk-2,
DIPSS intermediate- risk-2, and DIPSS Plus intermediate-risk-2),
with a MPN10 score of 22 points. The patient had medical history
of coronary atherosclerotic heart disease. On 26 April 2018, the
patient was treated with ruxolitinib 15mg twice per day orally.
Subsequently, the patient’s symptoms have improved and the
spleen shrinks. However, the patient presented with aggravated
anemia, with hemoglobin at 76g/L. Later, thalidomide, danazole,
prednisone and erythropoietin were added for treatment anemia,
and aspirin to prevent thrombosis. Meanwhile, corresponding
scheme of medications was adjusted according to regular review
of the CBC, liver and kidney function, as well as liver and spleen
color Doppler ultrasound. After treatment, the patient showed
stable disease, with gradual shrinkage of the spleen and stabilized
blood cell count. The color Doppler ultrasound in January 2022
showed abnormality of splenomegaly (intercostal thickness and
long diameter of about 5.5cm and 19cm, respectively), with no
enlargement of the liver (portal vein 1.0cm).

In August 2023, the patient showed poor appetite, distension in
the left abdomen, and discomfort. CBC showed white blood cell
count of 2.4x10° cells/L, hemoglobin of 82g/L, and platelet count of
40 x 10° cells/L.MPN10 score was 33 points. Abdominal ultrasound
revealed large liver, with a maximum oblique diameter of about
16.0cm in the right lobe; with splenomegaly, intercostal thickness of
about 7.6cm, length diameter of about 23cm. It is considered that
ruxolitinib treatment has lost its efficacy. Literature reports that
ruxolitinib discontinuation syndrome (RDS) occurred in 13.5%
patients after a median time of 7 days from ruxolitinib stop. And
in multivariable Cox regression analysis, platelet count <100 x 10°
cells/L and spleen>10 cm below costal margin at ruxolitinib stop
were significantly associated with higher probability of RDS (11).
On this basis, the patient was treated with ruxolitinib gradually
adjusted to 5mg/d. On 15 September 2023, the patient was tested
with white blood cell count of 6.15 x 10° cells/L, hemoglobin of 68
g/L, and platelet count of 59 x 10° cells/L, with the presence of 2%
circulating blasts in the peripheral blood. Blood erythropoietin was
96.7mIU/ml (reference range of 4.30-29.00). Abdominal ultrasound
revealed large liver, with an anterior posterior diameter of the left
lobe of about 10.7cm and a maximum oblique diameter of about
16.8cm in the right lobe; with splenomegaly, intercostal thickness of
about 7.9cm, length diameter of about 25cm, splenic portal vein
dilation, widest inner diameter of about 2.3cm, and splenic
infarction. Cytology of bone marrow indicated reduced
proliferation of nucleated cells, and no primitive immature cells.
Flow cytometry showed no abnormal phenotypes or blast cells.
Chromosomal analysis showed a complex karyotype: 46,XX,der
(1:6)(q10;q10)[10]/46, idem, add(3) (p25) [9]/46,XX,del(20) (q11.2)
[1]. MDS FISH of bone marrow showed 20q positive in 8.5% and
negative in the remaining part. Bone marrow biopsy suggested
extremely reduced proliferation, no increase in immature cells, no
megakaryocytes, and visible focal fibrosis (MF focal grade 2). Next-
generation sequencing showed mutation of Tier LJAK2 V617F
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(VAF85%);mutation of Tier Il: ARID2 R1677*(VAF45%),BCORLI
G777* (VAF2.7%).The diagnosis of MF-CP(IPSS high-risk,DIPSS
intermediate-risk-2, DIPSS Plus high-risk, MIPSS70 high-risk and
MIPSS70-plus very-high-risk) remained in this patient. MPN10
score was 48 points. In China, drugs Fedratinib, Pacritinib and
Momelotinib are all unavailable. After thorough communication
with the patient and her family, exploratory treatment with
venetoclax, azacitidine and ruxolitinib was administered. On 15
Septem- ber 2023, the patient was provided with venetoclax
(100mg, quaque die (qd),days1-7), azacytidine (100mg,qd,days1-
7) and ruxolitinib (5mg,qd,continuously orally). However, after
combined treatment, the patient developed grade IV bone
marrow suppression (granulocytopenia for 7 days, and platelet
count of <20x10° cells/L for 1 day) (Figure 1), pulmonary
infection, herpes zoster. The patient improved and was
discharged after receiving symptomatic supportive treatment such
as anti-infection, anti-virus, and component blood transfusion (1
unit of platelet collection via transfusion irradiation machine, and
10 units of leukocyte suspension red blood cell removal). On 1
November 2023, 40 days after combined therapy, the patient’s CBC
was white blood cell count of 20.10 x 10 cells/L, neutrophil count
of 16.10 x 10 cells/L, hemoglobin of 112 g/L, and platelet count of
128 x 10’ cells/L. Abdominal ultrasound showed normal size and
shape of the liver, and widened inner diameter of the main portal
vein, with a maximum width of about 1.4cm; enlarged spleen, with a
thickness of about 7.8cm and a length of about 21.5cm; and
widened diameter of the splenic portal vein, with a maximum
width of about 1.5cm. MPN10 score of the patient was 16 points. All
these results indicated an effective treatment.On 17 November 2023,
the patient was given the second course of “venetoclax + azacytidine
+ ruxolitinib”. On 4 January 2024, the patient had white blood cell
count of 12.30 x 10° cells/L, hemoglobin of 97 g/L, and platelet
count of 59 x 10° cells/L. Due to the patient’s personal reasons,
the subsequent “venetoclax + azacytidine’treatment was not
continued, but ruxolitinib(5-15mg,twice a day,adjusted according
to platelet count) was continued oral. On April 16, 2024,143 days
after the second therapy, the patient had white blood cell count
of 5.60 x 10 cells/L, hemoglobin of 100 g/L, and platelet count of
97 x 10 cells/L. Abdominal ultrasound displayed full shape of the
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liver, with the inner diameter of the main portal vein widened by
1.6cm, splenomegaly, intercostal thickness of about 7.0cm,length of
about 20.2cm,and widened inner diameter of splenic portal vein,
with a maximum width of about 1.6cm. On 19 November 2024,12
months after the second chemotherapy, the patient received
another reexamination via abdominal ultrasound, showing full
shape of the liver, with widened inner diameter of the main
portal vein by 1.6cm; as well as splenomegaly, with intercostal
thickness of about 7.2cm,and length and diameter of about 22.5cm.
In addition, CBC suggested white blood cell count of 22.56x10°
cells/L, hemoglobin of 109g/L, and platelet count of 118x10” cells/L.
The bone marrow cytology showed normal proliferation, 3%
primitive immature cells. Flow cytometry showed 1.56% blast
cells. Chromosomal analysis showed a abnormal karyotype:46,XX,
add(6)(p25)[16]/46,idem,add(3)(p25)[3]/46,XX[1]. Bone marrow
biopsy suggested extremely reduced proliferation, no increase in
immature cells, and visible focal fibrosis (MF focal grade 3).Next-
generation sequencing showed mutation of Tier LJAK2 V617F
(VAF95.4%);muta- tion of Tierll: ARID2 R1677* (VAF45.7%),
BCORL1 G777* (VAF31.9%).

Discussion

MEF is characterized by splenomegaly, as well as severe systemic
symptoms including extreme fatigue, shortness of breath, nighttime
sweating, weight loss, fever, and bone pain, usually with JAK2,
CALR, or MPL mutations (12). MF includes PMF, post-ET MF, and
post-PV MF, eventually progressing to acute leukemia in
approximately 10%~20% of MF cases (13). Based on peripheral
blood and bone marrow blasts, MF comprises of several sub-
phenotype such as MF-CP, -accelerated phase, and -blast phase.
Ruxolitinib has been recommended as the first-line option for IPSS/
DIPSS/DIPSS -Plus intermediate-2 and high-risk MF-CP patients
with splenomegaly. However, the outcome is unsatisfactory owing
to the increased discontinuation rate resulted from prolonged
treatment time. Francesca Palandri et al. reported that the 1-year,
2-year and 3-year discontinuation rates of ruxolitinib in MF-CP
patients were 22.2%, 32.4% and 40.8%, respectively, due to lack of
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FIGURE 1
Changes in CBC after the first course of "VEN+AZA+RUX" treatment.
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response, loss of efficacy, disease progression and intolerance (6).
CN Harrison et al. reported a 5-year discontinuation rate of 73.3%
for patients receiving ruxolitinib (7). For these MF patients who are
intolerant or no longer unresponsive, there is also limited and
challenged subsequent treatment.

As a selective BCL-2 inhibitor, venetoclax can induce apoptosis by
selectively inhibiting BCL-2, leading to the release of cytochrome C
from mitochondria (14). It has been approved by the U.S. FDA for the
treatment of acute myeloid leukemia in 2018. Azacytidine may
synergistically inhibit the pro-survival MCLI- and BCL-XL based
pathways, thereby increasing the dependence of myeloid malignancies
(AML, MDS and MPNs) cells on BCL-2 (15, 16). Venetoclax in
combination with hypomethylating agents is effective and safe for both
de novo and relapsed/refractory acute myeloid leukemia. According to
existing clinical studies (17, 18), venetoclax-azacitidine regimen can
realize a composite complete remission rate of 55%-~75% in the
treatment of newly diagnosed elderly AML patients. Meanwhile, for
relapsed and refractory AML, venetoclax combined with
hypomethylating agents also exhibits satisfactory efficacy, with an
objective response rate of 60%-64% and a median duration of
leukemia-free status of 8.8-8.9 months (19, 20). This scheme can
also be effective in patients with relapsed refractory AML who have
previously used hypomethylating agents, with a CR/CRi rate of 43%
and a median OS time of 10.8 months for CR/CRi patients (21).

Nowadays, there is no standard treatment for MF-accelerated/
acute phase. Hypomethylating agents in combination with JAK
inhibitors or with venetoclax are common therapeutic options with
confirmed efficacy and safety in clinical work. In a multicenter
retrospective study, Naseema Gangat et al. reported the use of
venetoclax combined with demethylating drugs (azacitidine/
decitabine) for treating 32 patients with MPN-BP, including 9
patients with previous PMF, 12 with post-ET MF, and 11 with
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post-PV MF, with a median age of 69 years. The CR+CRi rate was
44%, and the median OS was 8 months (8). Another retrospective
study on the treatment of MPN-BP with venetoclax combined with
demethylating drugs (azacitidine/decitabine) involved 2 cases of
previous PMF, 2 cases of post-ET MF, 3 cases of post PV-MF, 3
cases of ET, 1 case of PV, and 1 case of MPN-u. The median age was
71 years (48-81), and the total effective rate (CR+PR) was 42% (9).
In another study on five MF-BP patients [median age of 76 years
(72-84)] treated with azacytidine, venetoclax and ruxolitinib,
Thomas Systchenko et al. reported a total response rate of 80%
and a complete response rate of 40%, as well as a median follow-up
of 10 months and a median OS of 13.4 months, with post-treatment
improvement in patients’ quality of life. The treatment was effective
and safe without serious adverse reactions (10).

COMFORT-I study suggested that ruxolitinib was effective and
safe for intermediate -2 and high-risk MF through 5-year long-term
follow-up. This scheme could rapidly and continuously shrink the
spleen, significantly improve survival, and reduce the risk of death
(22). Ruxolitinib combined with azacytidine has potential synergy
for spleen length reduction and BM fibrosis improvement. In a
Phase II clinical trial of the combination treatment of ruxolitinib
and azacitidine in 46 patients with MF who hadn’t received prior
therapy with RUX or AZA,62% and 71% of these patients had a
reduction in subcostal spleen length greater than 50% at 24 weeks
and at any time during the study, respectively. At 24 months, 57% of
patients experienced improved grade of myeloreticular fibrosis,
supporting the efficacy and safety of this combined therapy for
MF patients (23). For the MF patients who are intolerant or no
longer unresponsive to ruxolitinib, the NCCN guideline
recommend treatment with Fedratinib, Pacritinib or Momelotinib
(5). Fedratinib is a potent and selective JAK2 and FLT3 inhibitor.
The phase II non- randomized JAKARTA-2 trial showed that

Overview of the patient's condition
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FIGURE 2

Overview of the patient's condition. CBC (complete blood count): The following order is white blood cells (x10° cells/L), hemoglobin (g/L) and

platelets(x10° cells/L).AZA, azacytidine. VEN, venetoclax.
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fedratinib was also effective in reducing splenomegaly and symptom
burden in patients with ruxolitinib-resistant intermediate-2- risk/
high-risk MF (24). However, in China, none of these drugs are
available, no effective strategies for subsequent treatment are
available for MF patients who are intolerant to or unresponsive to
ruxolitinib. Navitoclax (ABT-263) is an oral BCL-2 inhibitor with a
high affinity for BCL-XL, BCL-2, and BCL-W. Claire N. Harrison
et al. conducted a Phase II multicenter, open-label clinical trial on
34 patients with intermediate-to-high-risk MF-CP who had failed
or progressed after ruxolitinib treatment. With the use of ruxolitinib
combined with Navitoclax, 26.5% of patients achieved SVR35 at 24
weeks and 41% at any time during the study, with a median
duration of 13.8 months. At 24 weeks, 30% of patients achieved
TSS50, 33% of patients had grade 1-2 BMF improvements, and 64%
of patients showed improved anemia, yet without the achievement
of median OS. The most common adverse event was
thrombocytopenia (25).

In our case, the patient was diagnosed with MF-CP (IPSS
intermediate-risk-2, DIPSS intermediate-risk-2, and DIPSS Plus
intermediate-risk-2) in April 2018. The patient had improved
condition after treatment with ruxolitinib, with decreased MPN10
score, and alleviated splenomegaly compared to before. The efficacy
lasted for over 5 years. In August 2023, the patient showed changes in
the condition, including poor tolerance, discomfort with left abdominal
distention, as well as progressive decline of hemoglobin and platelets.
With a possibility of disease progression, the patient was discovered to
be still in the MF-CP after evaluation of bone marrow. It was
speculated that the patient was no longer responsive to ruxolitinib.
After one course of treatment with a combined therapy of venetoclax,
azacytidine, and ruxolitinib, the patient was observed with improved
general condition, hematopoietic recovery, hemoglobin and platelet
levels returned to normal, smaller spleen than before,and decreased
MPNI0 score. The treatment was effective. During the treatment, the
patient developed grade IV bone marrow suppression, pulmonary
infection, and herpes zoster. After treatment, the patient showed
improved condition. After two courses of treatment with venetoclax
and azacytidine combined with ruxolitinib, the patient has been
continuously treated with oral ruxolitinib and has achieved a
therapeutic effect for more than 1 year. The treatment response of
this patient we reported provides a new safe and effective treatment
method for MF-CP patients who are no longer responsive to
ruxolitinib (Figure 2). In addition, elderly patients with MF had poor
tolerance to chemotherapy and a longer bone marrow suppression
time. The treatment was evaluated to be ineffective in hematology and
spleen one month after the first chemotherapy. However, by day 40,
there was a significant improvement in hematology and a significant
reduction in spleen size compared to before.

Conclusion

This is an exploratory study and the first report of safe and
effective treatment of a patient with MF-CP who failed to respond to
ruxolitinib by venetoclax and azacitidine combined with ruxolitinib.
The usage of venetoclax and azacitidine in patients with MF-CP
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may be different from that in patients with acute leukemia. The time
for response evaluation in patients with MF-CP may be different
from that in patients with acute leukemia. In our case, the
evaluation is required around 6 weeks after treatment, and
consolidation therapy is also beneficial for condition management
and CBC. However this finding also has limitations. This is a single
case with multiple prior treatments and the duration of response
may not be generalizable. In the future, further well-designed
clinical trials are needed for confirmation.
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