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Abstract

Background Wilms' tumor gene 1 (WT1) mRNA quantification is a useful marker of measurable residual disease in acute
myeloid leukemia (AML). However, whether monitoring the WT'1 mRNA levels may predict the outcome of venetoclax
(VEN) combination therapy in AML is not reported. This study aims to elucidate whether W7’/ mRNA dynamics could
predict long-term prognosis.

Methods 33 patients with untreated or relapsed/refractory AML evaluated for peripheral blood WT1 dynamics in VEN
combination therapy were analyzed.

Results The median age was 73 years (range 39-87). Azacitidine was combined with VEN in 91% of patients. Overall, the
median overall survival (OS) was 334 days (95% CI 210-482), and the complete remission (CR) plus CR with incomplete
hematologic recovery rate was 59%. A 1-log reduction of WT'1 mRNA values by the end of cycle 2 of treatment was associ-
ated with significantly better OS and event-free survival (EFS) (median OS 482 days vs. 237 days, p=0.049; median EFS
270 days vs. 125 days, p=0.02). The negativity of post-treatment W71 mRNA value during the treatment was associated
with significantly better OS and EFS (median OS 482 days vs. 256 days, p=0.02; median EFS not reached vs. 150 days,
p=0.005). Multivariate analysis confirmed the significance of these two parameters as strong EFS predictors (HR 0.26,
p=0.024 and HR 0.15, p=0.013, respectively). The increase in WT'l mRNA values was correlated with relapse.
Conclusion This study demonstrates that W7/ mRNA dynamics can be a useful marker for assessing long-term prognosis
of VEN combination therapy for AML.
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Introduction

Elderly patients with acute myeloid leukemia (AML) ineli-
gible for intensive chemotherapy have a poor prognosis
[1-3]. However, the combination of venetoclax (VEN), a
selective BCL-2 inhibitor, and azacitidine (AZA) or low-
dose cytarabine (LDAC) is expected to improve the prog-
nosis in these patients [4, 5].

Besides the cytogenetic abnormality at the diagnosis of
AML [6], the degree of post-treatment measurable residual
disease (MRD) is an important prognostic factor [7, 8]. The
results of the phase III VIALE-A trial showed that among
patients who achieved a complete remission (CR) plus CR
with incomplete hematologic recovery (CRi) after VEN/
AZA treatment, those who achieved multiparameter flow
cytometry (MFC)-MRD < 10~ had significantly longer over-
all survival (OS) (hazard ratio (HR) 0.285) and event-free
survival (EFS), indicating that MRD is a strong predictor of
OS [9]. Thus, longitudinal evaluation of MRD is necessary
to predict the long-term outcome of AML patients treated
with VEN combination therapy. However, MRD evaluation
in MFC requires periodic bone marrow examination and
given that no validated assay has been established, it cannot
be performed in routine clinical practice. Therefore, estab-
lishing simpler universal MRD markers is desired in AML
treated with VEN combination therapy.

The Wilms' tumor gene 1 (WTI) was identified as a
tumor suppressor gene for pediatric kidney Wilms' tumor
[10]. WTI mRNA is overexpressed at least 80% of patients
with AML and can be universally used as an MRD marker,
even in patients with AML who are not eligible for leu-
kemia-specific polymerase chain reaction (PCR) assays
(e.g., for NPM1, PML-RARA, or CBF AML) [11, 12].
Several studies have shown that high PB W71 mRNA val-
ues after treatment of AML are associated with relapse
and poor prognosis [13—15]. However, the usefulness of
PB WTI mRNA quantification as a predictor of long-term
prognosis in VEN combination therapy for AML has not
been reported. In this study, we evaluated the usefulness
of PB WT1 mRNA dynamics in patients with untreated
or relapsed/refractory AML treated by VEN combination
therapy. We found that post-treatment PB W71 mRNA val-
ues are associated with long-term prognosis.

Patients and methods
Study design

The multicenter prospective observational study was con-
ducted in Akita prefecture, Japan. This study enrolled
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patients with AML who were judged ineligible for inten-
sive chemotherapy by the attending physician and treated
by VEN combination therapy. It was conducted in accord-
ance with the 1964 Helsinki Declaration and approved by
the Ethics Committee of Akita University (August 6, 2021/
No. 2696). Written informed consent was obtained from
all participants before enrollment.

Patients

In this paper, we analyzed untreated or relapsed/refractory
AML patients who could be evaluated for changes of PB
WT1 mRNA in the multicenter prospective observational
study.

Dosing regimen

VEN combined either with AZA (75 mg/m? subcutane-
ously for 7 consecutive days, repeated after 28 days each) or
LDAC (20 mg/m? subcutaneously for 10 consecutive days,
repeated after 28 days) was administered orally once daily
using a 28-day cycle of therapy. The VEN dose ramp-up was
conducted over 3 to 4 days in accordance with the package
insert to mitigate the risk of tumor lysis syndrome. The dose
adjustment of VEN was also conducted in accordance with
the package insert based on the concomitant use of antifun-
gal drugs of CYP3A inhibitors. Drug reduction, withdrawal,
and shortening of dosing days were allowed at the decision
of the attending physician.

Response criteria and assessments

Clinical responses were assessed using the modified Inter-
national Working Group response criteria for AML [16].
Progressive disease (PD) and primary refractory disease
was defined according to the recommendations of the Euro-
pean LeukemiaNet (ELN) 2017 [17]. Overall response rates
(ORRs) included CR, CRi, morphologic leukemia-free state,
and partial remission. Cytogenetic analysis was evaluated
according to ELN 2017 [17]. OS was measured from the
date of initial VEN administration to the date of death. EFS
was measured from the date of initial VEN administration to
the date of disease progression, confirmed relapse, or death
of any causes.

Measurement of WT7 mRNA levels

Total RNA extraction was performed from white blood cells
in PB. WT'1 mRNA was measured at SRL Co., Ltd. (Tokyo,
Japan) or BML Co., Ltd. (Kawagoe city, Japan) by using
the WT1 mRNA assay kit II (Otsuka Pharmaceutical Co.,
Ltd., Tokyo, Japan) in accordance with the manufacturer’s
instructions as previously described [18]. The lower limit of
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measurement for the W77 mRNA was 50 copies/ug RNA,
and the patients were negative for WT1 if the mRNA levels
were below this limit. The W71 mRNA value in PB was
assessed before and after each cycle of the VEN combina-
tion therapy.

Statistical analysis

The clinical data cutoff date was September 30, 2022. Spear-
man's correlation coefficient was used to assess correlations
between two ranked variables. All p-values were two-sided,
and statistical significance was set at p <0.05. OS and EFS
were estimated according to the Kaplan—Meier method. We
used the log-rank test to compare survival curves between
groups. To identify covariates that predict longer EFS, uni-
variate and multivariate Cox regression analyses were per-
formed. Multivariate models were analyzed including all the
variables that had p-values <0.10 in the univariate model.
The HR between the groups was estimated with the Cox pro-
portional hazards model with the same stratification factors.
The 95% confidence intervals (CIs) were determined with
the Clopper—Pearson exact method. Statistical analyses were
performed using GraphPad Prism 9.4.1 (GraphPad Inc., San
Diego, CA, USA).

Results
Patients and treatment

From June 2021 to September 2022, 33 patients with
untreated or relapsed/refractory AML who could be evalu-
ated for PB WT1 dynamics in VEN combination therapy
were analyzed in this study (Fig. 1).

Patient background is shown in Table 1. The median age
was 73 years (range 39-87), and 45.0% of the patients were
aged 75 years or older. Eastern Cooperative Oncology Group
(ECOG) performance status (PS) scores were evaluated: PS
0-1 in 29 patients (88%) and PS 2—4 in 4 patients (12%).
Fourteen patients were untreated AML and 19 patients were
relapsed/refractory AML. Nineteen patients (58%) were
classified as de novo AML and 14 patients (42%) as second-
ary AML. According to the French American British (FAB)
classification, 25 patients (76%) were classified as M2 and
4 patients (12%) as M4/M5. Poor cytogenetic abnormalities
were defined using the ELN 2017 [17]. Twelve (39%) of 31
patients tested were identified as having poor cytogenetic
abnormalities such as 7 or 7q deletion, 5 or 5q deletion, and
complex karyotype. The median W71 mRNA value before
the VEN combination therapy was 3900 copies (range
190-77000). In the prior therapy group (n=19), 13 patients
(68%) had a history of AZA treatment.

Treatment exposure and tolerability are described in
Table 2. AZA was selected as the combination drug with
VEN in most cases (91%) and LDAC in only 3 patients
(9%). Antifungal drugs were used in 79% of cases (flucona-
zole 88%, posaconazole 8%, voriconazole 4%). The median
number of treatment cycles was 5 (range 1-14 cycles). The
median observation period was 211 days (range 60-536
days). At the time of the cutoff date, 13 patients (39%) were
still receiving the VEN combination therapy, and 20 (61%)
had interrupted VEN combination therapy due to adverse
events (AEs) (40%) and disease progression (60%).

Response to VEN combination therapy
The treatment response and OS are shown in Fig. 2. The

CR/CRi rates and ORRs after the first cycle were 39%, and
78%, respectively (Fig. 2A). The CR/CRi rates and ORRs

Fig. 1 Flow diagram of patient
disposition

(N = 33)

WT1 mRNA evaluated before and
after venetoclax treatment

The time point at which minimum WT71 mRNA achieved
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+ AfterCycle2 (N=9)
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@ Springer



484

International Journal of Clinical Oncology (2024) 29:481-492

Table 1 Baseline characteristics of the patients

Table 2 Treatment exposure and tolerability

Characteristics All (n=33) Treatment characteristics All (n=33)

Age, median (range) 73 (39-87) Combination drug with VEN, no (%)
<75 years—no. (%) 18 (55) AZA 30 (91)
>75 years—no. (%) 15 (45) LDAC 309

Male sex, no. (%) 17 (52) Concomitant use of CYP3A inhibitor, no (%)

ECOG PS score, no. (%) None 7(21)

0-1 29 (88) Moderate CYP3A inhibitor (FLCZ) 23 (70)
2-4 4(12) Strong CYP3A inhibitor (PSCZ, VRCZ) 3(9)

AML status, no. (%) Total treatment cycles of VEN combination therapy, 5(1-14)
Untreated 14 (42) median (range)

Relapsed/Refractory 19 (58) Interruption of treatment at any cycles, no./total no. (%) 20/33 (61)

Prior history of relapse, no. (%) Due to adverse events 8/20 (40)

0 21 (64) Due to disease progression 12/20 (60)
1 8(24) VEN venetoclax, AZA azacitidine, LDAC low-dose cytarabine, FLCZ
>2 4(12) fluconazole, PSCZ posaconazole, VRCZ voriconazole

AML type, no. (%)

De novo 19 (58)
Secondary 14 (42)

Secondary AML, no. (%) No significant differences in OS were observed among
History of MDS 10 (7D) patients stratified by baseline W'/ mRNA value (median
History of MPN L) 3900 copy/pg RNA) (Fig. 2D).

History of CMMoL L) In an analysis of post-treatment response, patients
History of AA L) who achieved CR/CRIi as the best response showed a sig-
Therapy-related AML L) nificantly better OS than those who did not achieve CR/

FAB classification, no./total no. (%) CRi (median OS 482 days (95% CI 237 to NA) and 210
Mo/M1 3339 days (95% CI 91-334), p=0.004; Fig. 2E). With regard
M2 25/33.(76) to stratification by post-treatment minimum W71 mRNA
M4/M5 4/33 (12) value at any time (Fig. 2F), which was divided into two
Unclassified 1733 (3) groups with a median W77 mRNA value of 690 copy/pg

Pcz;r)cytogenetic abnormalities”, no./total no. 12/31 (36) RNA (n=33), the low WI'l mRNA group (n= 16) showed

0

Baseline WT1 value, median (range) 3900 (190-77000)

Prior treatment regimen, no./total no. (%)

AZA 13/19 (68)
CAG or LDAC 7/19 (37)
DNR/Ara-C or IDA/Ara-C 7/19 (37)
HSCT 5/19 (26)

ECOG Eastern Cooperative Oncology Group, PS performance sta-
tus, MDS myelodysplastic syndromes, MPN myeloproliferative neo-
plasms, CMMoL chronic myelomonocytic leukemia, AA aplastic ane-
mia, AML acute myeloid leukemia, FAB French American British,
WT1 Wilms’ tumor — 1, AZA azacitidine, CAG low-dose cytarabine
and aclarubicin in combination with granulocyte colony-stimulating
factor, LDAC low-dose cytarabine, DNR daunorubicin, Ara-C cytara-
bine, /DA idarubicin, HSCT hematopoietic stem cell transplantation

”Cytogenetic risk was evaluated according to the ELN 2017

as best response during the entire observation period were
59%, and 81%, respectively (Fig. 2B). The median OS
was 334 days (95% CI 210-482) for all patients (Fig. 2C).
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a significantly better OS than the high WT'1 mRNA group
(n=17) (median OS was 482 days (95% CI 331 to NA) and
201 days (95% CI 150-237, p=0.002; Fig. 2F). The time
points when the post-treatment minimum W77 mRNA
value were achieved is shown in Fig. 1.

Correlation between WT7 mRNA levels in PB
and the treatment response during the VEN
combination therapy

When the bone marrow blast most decreased (n=28), the
correlation between the reduction rate of blasts in the bone
marrow (log reduction) and the reduction rate of WTI
mRNA value in PB (log reduction) was moderately cor-
related (r=0.63; p<0.001; Fig. 3A). However, the inter-
individual variability of W7/ mRNA value was found from
negative to 12,000 (median 175 copy/pg RNA) at the time
when patients achieved CR/CRi (Fig. 3B), suggesting the
possibility of using W71 mRNA value as a marker for
deeper remission than hematological CR.
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Fig.3 Correlation between W71 mRNA levels in peripheral blood
and leukemia cells in the bone marrow. A Correlation between the
reduction rate of blasts in the bone marrow (log reduction) and the
reduction rate of W71 mRNA value in peripheral blood (log reduc-
tion). B Inter-individual variability of W7/ mRNA value in periph-
eral blood among patients with CR/CRi. CR/CRi, hematologic com-
plete remission/complete remission with incomplete hematologic
recovery

Reduction rate of WTT mRNA value by the end
of cycle 2 is an independent prognostic factor for 0S
and EFS

Of the 25 patients who could continue VEN combination
therapy until PD (Fig. 1), the WT1 mRNA value in PB was
assessed in 21 patients by the end of cycle 2, and OS and
EFS were stratified by a reduction rate of W7/ mRNA value
(log reduction) (Fig. 4). Patients with at least 1-log reduction
in WT1 mRNA values (n=9) had significantly better OS and
EFS compared with patients without 1-log reduction (n=12)
(median OS 482 days vs. 237 days, p=0.049; median EFS
270 days vs. 125 days, p=0.02) (Fig. 4A, B). Patients with
at least 2-log reduction in W71 mRNA values (n=6) showed
better OS and EFS compared with patients with less than
2-log reduction (n=15) (Fig. 4C, D). Furthermore, among
patients with poor cytogenetic abnormalities and who could
continue VEN combination therapy until PD, those with at
least 1-log reduction in W71 mRNA values (n=3) showed
significantly better OS and EFS than those without 1-log
reduction (n=15) (median OS, NR vs. 196 days, p=0.03;
median EFS, 288 days vs. 41 days, p=0.01) (Fig. 4E, F).
Univariate analysis showed that the presence of poor
ECOG PS was a poor prognostic factor for EFS (HR 4.31,
p=0.07); however, this difference was not statistically
significant. Shorter duration of the AZA + VEN treatment
cycles was observed among the patients with poor PS (PS
2-4) group than among those in the better PS group (PS 0-1)
(Median duration of treatment cycles, 3.5 vs. 6 cycles). The
reason for treatment interruption was AEs (pneumonia and
hematologic toxicity) in 50% of the patients in the poor PS
group. Univariate analysis showed that at least 1-log reduc-
tion of WT'l mRNA by the end of cycle 2 showed the good
prognostic factor for EFS (HR 0.26, p=0.024). Multivariate
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Cox proportional hazards regression analysis showed that
at least 1-log reduction of W71 mRNA by the end of cycle
2 was an independent good prognostic factor for EFS (HR
0.26, 95% CI1 0.078-0.84, p=0.024; Table 3).

WT1 mRNA negativity during the VEN combination
therapy is an independent prognostic factor for 0S
and EFS

Of the 25 patients who could continue VEN combination
therapy until PD (Fig. 1), the WT'l mRNA value was evalu-
ated during the clinical course at least once in all patients;
OS and EFS were stratified by the value of post-treatment
minimum W71 mRNA (Fig. 5). Patients with post-treatment
WTI1 mRNA negative value (n=238) showed significantly
better OS and EFS than those without (n=17) (median
OS 482 days vs. 256 days, p=0.02; median EFS NR vs.
150 days, p=0.005) (Fig. 5A, B). Eight of the 25 patients
achieved post-treatment W7/ mRNA negative value: four
patients by the end of cycle 1, two patients by the end of
cycle 4, and two patients by the end of cycle 10. When
patients with post-treatment W71 mRNA positive value
(n=17) were divided into two groups by a median WTI
mRNA value, OS and EFS were significantly better in the
post-treatment WT1 mRNA negative group (n=38) and low
positive group (n=8) compared with the high positive group
(n=9) (median OS 482 days vs. 364 days vs. 201 days,
median EFS NR vs. 211 days vs. 125 days) (Fig. 5C, D). In
NPM1-mutated AML cases, the measurement of NPM1 lev-
els is generally recommended as an MRD marker. As for the
usefulness of WT1 monitoring as an MRD marker in genetic
variant cases, we investigated a case of NPM1-mutated AML
enrolled in the present study with regard to the usefulness
of WT1 monitoring as an MRD marker instead of the meas-
urement of the NPMI1 levels. A 77-year-old woman with
NPMI-mutated AML achieved CR after the third cycle of
VEN/AZA therapy, and WT1 negativity was confirmed after
the fifth cycle of VEN/AZA therapy with a 4-log reduction
in its levels compared with the pre-treatment WT1 value.
The patient has been continuing the VEN/AZA therapy for
536 days without any events. Therefore, WT1 monitoring
could serve as an MRD marker, even in patients with some
genetic variants. Furthermore, among patients who showed
the best response to CR/CRi, those with post-treatment WT'/
mRNA negative values (n=7) showed a trend toward better
OS and EFS than those without post-treatment W7/ mRNA
negative values (n=38) (median OS, 482 days vs. 364 days,
p=0.08; median EFS, NR vs. 160 days, p=0.06) (Fig. SE,
F). Multivariate Cox proportional hazards regression analy-
sis showed that a negative W7/ mRNA value during the
clinical course was an independent prognostic factor for EFS
(HR 0.15,95% CI1 0.033-0.67; P=0.013).
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groups by using the log-rank test (p=0.02). C Kaplan—-Meier curve
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free survival for>2—log reduction group (red; n=6, median EFS
261 days, 95% CI 180 to not available) vs. <2 —log reduction group
(black; n=15, median EFS 150, 95% CI 41 to 270). No significant
difference was found between the two groups by using the log-rank
test (p=0.06). E Kaplan—-Meier curve of overall survival for>1-log
reduction group (red; n=3, median OS not reached, 95% CI not
available to not available) and < 1-log reduction group (black; n=5,
median OS 196 days, 95% CI 70 to not available) among patients
with poor cytogenetic abnormalities. A significant difference was
found between the two groups by the log-rank test (p=0.03). F
Kaplan—Meier curve of event-free survival for>1—log reduction
group (red; n=3, median EFS 288 days, 95% CI 180 to not available)
and < 1 —log reduction group (black; n=>5, median EFS 41 days, 95%
CI 31 to not available) among patients with poor cytogenetic abnor-
malities. A significant difference was found between the two groups
by the log-rank test (p=0.01)
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Table 3 Univariate and multivariate analyses for event-free survival (n=25)

Variable Univariate model Multivariate model
HR 95% CI p value HR 95% CI p value
Age,>75 years 0.70 0.24-2.06 0.52
Sex, male 0.95 0.34-2.64 0.92
ECOG PS, 24 4.31 0.89-20.1 0.07 2.02 0.37-11.02 0.42
AML type, de novo 1.00 0.35-2.85 1.00
FAB classification, M4/M5 0.77 0.17-3.42 0.73
Poor cytogenetic abnormalities”! 225 0.81-6.25 0.12
Pre-treatment line, > 1 1.84 0.63-5.38 0.27
Number of previous relapse, > 1 1.00 0.34-2.95 1.00
Baseline LDH > ULN 1.96 0.69-5.55 0.21
Best response by the end of the second cycle, CR/CRi 0.40 0.12-1.27 0.12
WT1I reduction by the end of the second cycle, > 1-log 0.26 0.078-0.84 0.024 0.26 0.078-0.84 0.024

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, FAB French American British,
BM bone marrow, LDH lactase dehydrogenase, ULN upper limit of normal, CR complete remission, CRi complete remission with incomplete

hematologic recovery

*“ICytogenetic risk was evaluated according to the ELN 2017

Correlation between WTT mRNA dynamics
during the VEN combination therapy and OS
and EFS

Figure 6A and B show the dynamics of W71 mRNA val-
ues in PB during the clinical course in patients who could
continue VEN combination therapy until PD (n=15 in the
group with events and n=10 in the group without events).
The event details are as follows: disease progression (n=4),
recurrence (n=38), and death of any causes (n=3). Among
the patients without any events during the clinical course, the
WT1 mRNA values in PB showed a declining trend. On the
other hand, among the patients with any events during the
clinical course, the WTI mRNA values in PB showed a sus-
tained increase or re-increase after a decrease. An increase
in the WT1 value preceding any events (progressive disease
in 3 patients and relapse in 5 patients) was confirmed in at
least 8 of the 15 patients, as shown in Fig. 6A. The median
number of days from the increase in WT1 expression to
event occurrence was 49 days (range, 20—142). In the other
seven cases, the association between WT1 level increase and
event occurrence could not be evaluated correctly because
WTI1 level measurement and treatment response were not
evaluated in every cycle. Patients without events showed sig-
nificantly better OS and EFS than those with events (median
OS NR vs. 256 days, p=0.01, median EFS NR vs. 150 days,
p<0.001). Of the 25 patients who could continue VEN com-
bination therapy until PD, 15 patients achieved CR/CRIi.
Among these 15 patients who achieved CR/CRi, we evalu-
ated the correlation between the dynamics of WT'1l mRNA
in PB and OS and EFS. As a result, patients in whom WT]
mRNA values decreased to < 100 copy/pug RNA and then
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sustained < 100 (n=15) showed better OS and significantly
better EFS than in those without (n=10) (median OS NR vs.
423 days, p=0.09, median EFS NR vs. 180 days, p=0.009)
(Fig. 6C, D). Therefore, even in patients who achieved
hematologic CR, the dynamics for W7/ mRNA values in
PB could be an MRD marker for long-term prognosis.

Discussion

In this study, we showed the prognostic impact of post-treat-
ment W71 mRNA dynamics in 33 patients with untreated
or relapsed/refractory AML treated with VEN combination
therapy.

The CR/CRIi rate was 39% after cycle 1, and 59% during
the entire observation period. The median OS was 334 days
(95% CI 210 to 482). In the phase 3 trial of the VIALE-A
study for patients with AML ineligible for intensive chemo-
therapy, the median OS was 14.7 months (~ 448 days) in the
VEN/AZA group and the CR/CRi rate was 43.4% after cycle
1 and 66.4% during the study period [4]. Thus, CR/CRi rates
in our cohort were comparable to the VIALE-A study.

MRD assessment is important for predicting treatment
response and relapse in AML [8]. The two most commonly
used and recommended techniques for MRD monitoring
are MFC and real-time quantitative PCR (RT-PCR)-based
methods [19]. However, the standardized technique of
MFC, which requires bone marrow samples, has not been
fully developed in clinical practice, and the sensitivity
of MRD detection is insufficient (107). By contrast, RT-
PCR methods are very sensitive, rapid, and well standard-
ized. However, RT-PCR techniques are applicable only



International Journal of Clinical Oncology (2024) 29:481-492

489

1.0 — —— Negative (n=8)
'_§ E —— Positive (n=17)
s ] P =0.02
> ]
@ ]
= 0.5
c ]
) J
> 3
SR
0.0—-—r—r—r—|—|—1ﬂﬂﬂ—|—l—l—l—l—l—l—l—l—l-|—l—r—r—r—r—l—l—1ﬂj
0 200 400 600
Days
1.0 —— Negative (n=8)
E 3 —— Low positive (n=8)
e ] —— High positive (n=9)
3 ]
= 0.5+
§ ] —vs —, P=0.1
o ] — vs —, P=0.001
3 — vs —, P=0.02
0.0
0 200 400 600
Days
E
1.0 * — —— Negative (n=7)
] E —— Positive (n=8)
s ] P =0.08
3 3
(7] ]
= 0.5+
o ]
o ]
> p
o ]
0.0:Wmm
0 200 400 600
Days

Fig.5 Prognostic impact of minimum W7/ mRNA value during the
VEN combination therapy. A Kaplan-Meier curve of overall sur-
vival for the WT1 mRNA negative group (red; n=8, median OS 482
days, 95% CI 482 to not available) vs. positive group (black; n=17,
median OS 256 days, 95% CI 196-410). A significant difference was
found between the two groups by using the log-rank test (p=0.02). B
Kaplan—Meier curve of event-free survival for the WT'1 mRNA nega-
tive group (red; n=8, median EFS not reached, 95% CI 180 to not
available) vs. positive group (black; n=17, median EFS 150 days,
95% CI-211). A significant difference was found between the two
groups by using the log-rank test (p=0.005). C Kaplan-Meier curve
of overall survival for the WT'1 mRNA negative group (red; n=8,
median OS 482 days, 95% CI 482 to not available) vs. low positive
group (blue, WI'l mRNA value <700 copy/pg RNA; n=8, median
OS 364 days, 95% CI 237 to not available) vs. high positive group
(black; WT1 mRNA value > 700 copy/pg RNA; n=9, median OS 201
days, 95% CI 70 to not available). A significant difference was found
between the negative and high positive groups (p=0.001) or low pos-
itive and high positive groups (p=0.02) by using the log-rank test.

for patients who have a suitable target gene such as the
chimeric gene fusions [12]. In this regard, W71 mRNA
overexpression is observed at least 80% of the patients
with AML, that is, WTI mRNA could be a universal MRD
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D Kaplan—Meier curve of event-free survival for the W7/ mRNA
negative group (red; n=8, median EFS not reached, 95% CI 180 to
not available) vs. low positive group (blue, WT'I mRNA value <700
copy/ug RNA; n=8, median EFS 211 days, 95% CI 121-288) vs.
high positive group (black; W71 mRNA value > 700 copy/pg RNA;
n=9, median EFS 125 days, 95% CI 31 to not available). A signifi-
cant difference was found between the negative and high positive
groups (p<0.001) or low positive and high positive groups (p=0.02)
by using the log-rank test. E Kaplan—Meier curve of overall survival
for the WI'l mRNA negative group (red; n="7; median OS, 482 days;
95% CI 482 to not available) vs. positive group (black; n=28; median
08, 364 days; 95% CI 201 to not available) among patients with CR/
CRi. No significant difference was found between the two groups
using the log-rank test (p=0.08). F Kaplan—Meier curve of event-free
survival for the WT'1 mRNA negative group (red; n="7, median EFS
not reached, 95% CI 180 to not available) vs. positive group (black;
n=_8; median EFS, 160 days; 95% CI, 121-288) among patients with
CR/CRIi. No significant difference was found between the two groups
using the log-rank test (p=0.06)

marker even in patients with AML without disease-spe-
cific fusion genes [11, 12]. In our cohort, baseline WT'1
mRNA overexpression was observed in 87.5% (42/48) of
the patients.
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Fig.6 Prognostic impact of WI'/ mRNA dynamics. A, B Dynamics
of WT'l mRNA values in patients with or without any events. C, D
The overall survival and event-free survival stratified by the dynam-
ics of WT'1 mRNA values after treatment among patients with CR/
CRi (n=15). C Kaplan—-Meier curve of overall survival for WT1
mRNA sustained< 100 group (red; n=5, median OS not reached,
95% CI not available to not available) and not sustained < 100 group
(black; n=10, median OS 423 days, 95% CI 201 to not available).

The number of leukemic cells in the bone marrow is
known to correlate with WT1 mRNA levels in the bone
marrow [20, 21], and a significant decrease in W71 mRNA
levels in PB during treatment is correlated with good blast
clearance [22]. Furthermore, several reports have revealed
that the expression level of W'/ mRNA and the data of
MEC and RT-PCR are consistent and equally predict clini-
cal outcome [23]. Although WT1 mRNA values could be
evaluated in both bone marrow and PB, bone marrow sam-
ples could be influenced by the background level of WT1
gene expression. Therefore, WT1 mRNA evaluation in PB,
which could be evaluated more simply than bone marrow,
could more accurately predict relapse [24]. In this study, we
found a positive correlation between a reduction rate of bone
marrow leukemic cells (log reduction) and a reduction rate
of WT'l mRNA values in PB (log reduction). Therefore, WT'I
mRNA evaluation in PB is a universal surrogate marker of
leukemic persistence. Monitoring the W7/ mRNA levels in
PB may be useful, especially for patients with long-lasting
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No significant difference was found between the two groups by using
the log-rank test (p=0.09). D Kaplan—-Meier curve of event-free
survival for WT'l mRNA sustained < 100 group (red; n=35, median
EFS not reached, 95% CI not available to not available) and not sus-
tained < 100 group (black; n=10, median EFS 180 days, 95% CI
121-288). A significant difference as found between the two groups
by using the log-rank test (p=0.009). CR/CRi, hematologic complete
remission/complete remission with incomplete hematologic recovery

myelosuppression in MLFS cases and for those in whom
frequent bone marrow examination is difficult.

Several studies have shown that a 1-log reduction in WT
mRNA value in PB is a predictor of relapse-free survival
and a 2-log or greater reduction in W71 mRNA value is
associated with significantly better OS [13—15]. In addition,
WTI mRNA value positivity (>50 copies/ug RNA) in PB
after intensive chemotherapy or stem cell transplantation is
an independent poor prognostic factor for relapse [24-28].
Therefore, WT'1 mRNA value after chemotherapy can indi-
cate disease activities such as remission and relapse [29].
This study also found that W71 mRNA 1-log reduction by
the end of cycle 2 and W71 mRNA value negativity during
the treatment cycle were associated with significantly pro-
longed OS and EFS. The WT'I mRNA 1-log reduction by the
end of cycle 2 significantly prolonged OS and EFS also in
patients with poor cytogenetic abnormalities.

We also found that the dynamics of W7’/ mRNA value
in PB could predict clinical outcome, that is, no increase in
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WT1 mRNA was associated with better EFS and an increase
in WTI mRNA was associated with relapse. Furthermore,
WTI mRNA values at the time of CR/CRi achievement var-
ied from negative to 12,000 (median 175 copies/pg RNA),
and WT1 mRNA was expected to be a marker of MRD even
in patients who achieved hematologic CR. Among patients
who achieved CR/CRi (n=15), post-treatment W7’/ mRNA
negativity (n="7) showed a trend toward better OS and EFS
than for those without (n=8) (median OS 482 days vs. 364
days, p=0.08; median EFS NR vs. 160 days, p=0.06).
Although the log-rank test did not show a statistically signif-
icant difference, the small number of patients may preclude
accurate statistical analysis. Among patients who achieved
CR/CRi (n=15), the post-treatment W7/ mRNA values to
be sustained < 100 copies/pg RNA (n=5) showed signifi-
cantly better EFS (median EFS NR vs. 180 days, p=0.009).
These results were obtained in patients with AML treated
with VEN combination therapy until PD.

In this study, WT1 mRNA expression was quantified as
the ratio of WT1 mRNA levels to GAPDH mRNA levels,
and which is not a universally validated MRD assay method.
In this regard, the measurement of WT1 levels in this study
did not use the ABL1 adjustment; thus, it cannot be com-
pared with that in a previously reported paper [24-28].

This study has several limitations. First, the number of
sample sizes was small, and the duration of the observa-
tion period was short. Second, treatment adjustment at the
decision of the attending physician was allowed. Finally, the
risk category of the ELN classification could not be applied
because NPM1 and FLT3 mutations were not evaluated in all
patients. Therefore, increased number of patients and long-
term follow-up are warranted in future investigations.

Conclusion

To the best of our knowledge, this study is the first study to
describe the prognostic value of W71 mRNA in PB as an
MRD marker in patients with AML treated with VEN com-
bination therapy. In conclusion, monitoring of W71 mRNA,
which can be easily evaluated through PB sampling, could
be a universal MRD marker for almost all AML patients
treated with VEN combination therapy to predict disease
prognosis.
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