Taylor & Francis
Taylor & Francis Group

Scandinavian Journal of Clinical and Laboratory
Investigation

ISSN: (Print) (Online) Journal homepage: www.informahealthcare.com/journals/iclb20

Linkage of cell division cycle 42 with clinical
features, treatment response and survival in
adult Philadelphia chromosome negative acute
lymphoblastic leukemia

Qi Chen, Xiaoling Zhu, Di He & Wanbao Ding

To cite this article: Qi Chen, Xiaoling Zhu, Di He & Wanbao Ding (25 Apr 2024): Linkage of cell
division cycle 42 with clinical features, treatment response and survival in adult Philadelphia
chromosome negative acute lymphoblastic leukemia, Scandinavian Journal of Clinical and
Laboratory Investigation, DOI: 10.1080/00365513.2024.2333027

To link to this article: https://doi.org/10.1080/00365513.2024.2333027

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

A
h View supplementary material &

@ Published online: 25 Apr 2024.

\]
CA/ Submit your article to this journal &

||I| Article views: 143

A
& View related articles &'

(&) View Crossmark data &

Full Terms & Conditions of access and use can be found at
https://www.informahealthcare.com/action/journallnformation?journalCode=iclb20


https://www.informahealthcare.com/action/journalInformation?journalCode=iclb20
https://www.informahealthcare.com/journals/iclb20?src=pdf
https://www.informahealthcare.com/action/showCitFormats?doi=10.1080/00365513.2024.2333027
https://doi.org/10.1080/00365513.2024.2333027
https://www.informahealthcare.com/doi/suppl/10.1080/00365513.2024.2333027
https://www.informahealthcare.com/doi/suppl/10.1080/00365513.2024.2333027
https://www.informahealthcare.com/action/authorSubmission?journalCode=iclb20&show=instructions&src=pdf
https://www.informahealthcare.com/action/authorSubmission?journalCode=iclb20&show=instructions&src=pdf
https://www.informahealthcare.com/doi/mlt/10.1080/00365513.2024.2333027?src=pdf
https://www.informahealthcare.com/doi/mlt/10.1080/00365513.2024.2333027?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2024.2333027&domain=pdf&date_stamp=25 Apr 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2024.2333027&domain=pdf&date_stamp=25 Apr 2024

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION
https://doi.org/10.1080/00365513.2024.2333027

Taylor & Francis
Taylor & Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS ‘ ) Checkforupdates‘

Linkage of cell division cycle 42 with clinical features, treatment response
and survival in adult Philadelphia chromosome negative acute lymphoblastic

leukemia

Qi Chen?, Xiaoling Zhu?, Di He? and Wanbao DingP

aDepartment of Hematology, The Affiliated Hospital of Yunnan University, Kunming, China; Key Laboratory of Tumor Immunological Prevention
and Treatment & Department of Oncology, Yan'an Hospital Affiliated to Kunming Medical University, Kunming, China

ABSTRACT

Cell division cycle 42 (CDC42) regulates the progression of leukemia via mediating proliferation and immune
evasion of malignant cells. The study aimed to investigate the correlation of CDC42 with clinical features,
treatment response, event-free survival (EFS) and overall survival (OS) in adult Philadelphia chromosome
negative acute lymphoblastic leukemia (Ph~ ALL) patients. CDC42 expression in bone marrow mononuclear
cells was detected in 78 adult Ph~ ALL patients and 10 donors using real-time reverse transcriptase-polymerase
chain reaction. CDC42 was increased in adult Ph~ ALL patients compared with donors (p < .001). Besides,
elevated CDC42 was linked with pro-B ALL or early-T ALL (p = .038) and white blood cell (WBC) elevation
at diagnosis (p = .025). Fifty (64.1%) and 23 (29.5%) patients had complete remission (CR) at 1 month and
minimal residual disease (MRD) after CR, respectively. CDC42 was inversely associated with CR at 1 month
(p = .034), but not MRD after CR (p = .066). Concerning survival, patients with CDC42 > 3.310 (cut by
median value in patients) showed a shortened EFS (p = .006) and OS (p = .036) compared to those with
CDC42 < 3.310. In detail, patients with CDC42 > 3.310 and CDC42 < 3.310 had 5-year EFS rate of 29.9%
and 45.4%, and 5-year OS rate of 39.4% and 63.6%, correspondingly. Further multivariate Cox’s regression
analyses revealed that CDC42 > 3310 was independently related to shorter EFS (hazard ratio = 2.933,
p = .005). Elevated CDCA42 is related with pro-B ALL or early-T ALL, WBC elevation at diagnosis, unfavorable
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treatment response and worse survival in adult Ph~ ALL patients.

Introduction

Acute lymphoblastic leukemia (ALL) is one of the most com-
mon acute hematologic malignancies, whose annual incidence
increased from 49,070 in 1990 to 64,190 in 2017 around the
world [1]. ALL is caused by the dysregulated growth of clonal
lymphoid cells, among which pre-B cells are the most com-
monly affected, followed by T cells and mature B cells [2,3].
Philadelphia chromosome refers to the reciprocal translocation
between chromosome 9 and 22, and approximately 75% of
adult ALL patients are Philadelphia chromosome negative (Ph-)
[4,5]. Currently, chemotherapy, targeted therapy, allogeneic
hematopoietic stem cell transplantation (allo-HSCT) and chime-
ric antigen receptor-T therapy have been applied in clinical
management of adult Ph~ ALL [6,7]. Unfortunately, different
from pediatric ALL patients with a relatively good treatment
outcomes, adult ALL patients benefit less and suffer from a dis-
mal survival [8-10]. Therefore, exploring markers with the abil-
ity for predicting treatment response and survival of adult
Ph™ ALL patients is helpful for the promotion of individualized
therapy in these patients.

Cell division cycle 42 (CDC42), a Ras homologous
guanosine-triphosphate hydrolase (Rho GTPase), mediates
cancer progression by regulating stemness, proliferation,
migration, and apoptosis of tumor cells [11,12]. Regarding
its role in hematological malignancy, the available evidence
suggests that CDC42 facilitates proliferation of leukemia
cells and mediates their evasion from immune surveillance,
leading to a more aggressive disease status [13,14]. For
example, a study discloses that upregulated CDC42 expres-
sion promotes uncontrolled growth and accumulation of
leukemia cells via regulating cell cycle transition and cell
division [13]. Another study illustrates that CDC42 regulates
the polarization of actin cytoskeleton in leukemia cells,
thereby preventing their interaction with natural killer (NK)
cells and reducing the cytotoxicity of NK cells [14]. Unlike
the confirmed prognostic value of CDC42 in solid tumors
[15-17], only one study has identified CDC42 as a potential
biomarker for overall survival (OS) in acute myeloid leuke-
mia patients [18], and reports on the correlation of CDC42
with survival in adult ALL patients are limited. Therefore,
this study aimed to investigate the association of CDC42
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with disease features, as well as its prognostic value in adult
Ph~ ALL patients.

Methods
Patients

This retrospective study included 78 adult ALL patients
treated at our hospital between April 2017 and December
2020. The inclusion criteria were: (a) diagnosed as primary
Ph~ ALL; (b) aged 18-60 years; (c) had accessible pre-treatment
bone marrow tissue specimens; (d) had at least one efficiency
evaluation or follow-up data. And Ph™ ALL patients who had
solid tumors at the time of diagnosis were excluded. A total
of 10 healthy bone marrow donors were selected as controls.
The inclusion criteria were: (a) physical examination within
one month before entering the study was completely normal;
(b) aged 18 years or older; (c) had accessible bone marrow
tissue specimens. The exclusion criteria were the same as the
adult Ph™ ALL patients. The study was conducted with the
consent of the Ethics Committee. Written informed consent
was signed by the patient or his/her family.

Data and specimen collection

Clinical characteristics were obtained from the hospital’s
electronic system. Bone marrow mononuclear cells (BMMC)
were extracted from the bone marrow tissue specimens of
patients and donors which were obtained from the hospital.
CDC42 expression in BMMC was detected by real-time
reverse transcriptase-polymerase chain reaction (RT-qPCR).

CDC42 detection

First, total RNA was extracted from bone marrow tissue
specimens by using a Trizol reagent (Thermo Fisher,
Waltham, MA). Second, cDNA was obtained by reverse
transcription using the PrimeScript™ RT Master Mix kit
(Takara, Kusatsu, Japan). Finally, ¢cDNA was used for
RT-qPCR to detect the expression of CDC42. GAPDH was
selected as the internal reference. The expression of CDC42
was calculated by the 2724t method. The experimental pro-
cedure was carried out by a completely uninformed
researcher and was strictly carried out according to the
instructions. CDC42 primer sequence: 5'-GTTGTTGTGGGT
GATGGTGC-3' (forward), and 5-TCCCCACCAATCATAA
CTGT-3' (reverse). GAPDH primer sequences: 5'-GGGTCAT
CATCTCTGCACCT-3' (forward), and 5'-GGTCATAAGTCC
CTCCACGA-3' (reverse) [19].

To better analyze the relationship between CDC42
expression and the prognosis of the adult Ph™ ALL patients,
the median value (3.310) of the CDC42 expression in the
adult Ph~ ALL patients was used as a cut-off value for sub-
sequent analysis.

Treatment

Based on the patient’s condition and their willingness, as
well as the doctor’s recommendations, different treatment

protocols were chosen. According to the Chinese Guidelines
for Diagnosis and Treatment of Acute Lymphoblastic
Leukemia (2016) [20] and the Guidelines of Chinese Society
of Clinical Oncology (CSCO) hematological malignancies,
treatment protocols were mainly involved as follows: the
CALLG-2008 protocol (Chinese Acute Lymphoblastic
Leukemia Group), the VDP protocol (vincristine, daunoru-
bicin and prednisone), the VDLP protocol (vincristine,
daunorubicin, L-asparaginase and prednisone), the VDCLP
protocol  (vincristine, daunorubicin, cyclophosphamide,
L-asparaginase and prednisone) and the Hyper-CVAD pro-
tocol (hyper-fractionated cyclophosphamide, vincristine,
doxorubicin and dexamethasone).

Evaluations

The efficiency evaluation and the follow-up data were
obtained from the hospital’s electronic information base.
The complete remission (CR) was assessed one month after
the treatment; specifically, the adult Ph~ ALL patients who
were treated with VDP protocol, VDLP protocol, VDCLP
protocol and Hyper-CVAD protocol were assessed on day
28, the adult Ph~ ALL patients who were treated with
CALLG-2008 protocol were assessed on day 33. Patients
who reached the CR, the minimal residual disease (MRD)
of them would be evaluated next. Based on the follow-up
data, the final follow-up date was February 2023. Then,
event-free survival (EFS) and OS were calculated.

Statistical analysis

SPSS 21.0 (IBM Corp., Armonk, NY) software was used for
data analysis in this study. Continuous variables were shown
as median and interquartile range (IQR) or median and
range, and categorical variables were expressed as numbers
(%). Mann-Whitney’s U-test was used for comparative anal-
ysis. The Kaplan-Meier curves showed EFS and OS for
patients with different CDC42 expressions (with the median
value as the cut-off value), and the analysis method was the
log-rank test. Univariate and stepwise forward multivariate
Cox’s regression analyses were used to assess factors associ-
ated with EFS and OS. Significant differences were shown
when the p value was <.05.

Results
Clinical features of adult Ph~ ALL patients

This study enrolled 78 adult Ph~ ALL patients, with a
median (range) age of 34.5 (19.0-59.0) years. Among them,
there were 46 (59.0%) male patients. A respective of 16
(20.5%) and 62 (79.5%) patients were assessed as T-cell ALL
and B-cell ALL, respectively. The number of patients with
pro-B ALL or early-T ALL was 9 (11.5%). Besides, there
were 23 (29.5%), 59 (75.6%) and 68 (87.2%) patients with
white blood cell (WBC) elevation at diagnosis, hemoglobin
(HGB) <100g/L and platelet (PLT) <100 x 10°/L, accord-
ingly. The median (range) bone marrow blast was 74.0
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(31.0-94.0) %. In addition, 21 (26.9%) patients were recog-
nized as cytogenetic abnormalities (Table 1). Besides, there
were 10 donors with a median (range) of 45.0 (32.3-51.5)
years, among whom six (60.0%) donors were male
(Supplementary Table 1).

Comparison of CDC42 between adult Ph~ ALL patients
and donors

CDC42 was elevated in adult Ph~ ALL patients compared
with donors (p < .001). In detail, the median (IQR) CDC42
of adult Ph™ ALL patients was 3.310 (2.020-5.413), ranging
from 0.870 to 12.150. The median (IQR) CDC42 of donors
was 0.960 (0.713-1.805), ranging from 0.410 to 2.930
(Figure 1).

Association of CDC42 with clinical features of adult
Ph~ ALL patients

Increased CDC42 was linked with pro-B ALL or early-T
ALL (p = .038) and WBC elevation at diagnosis (p = .025)
in adult Ph~ ALL patients. However, CDC42 was not cor-
related with other clinical characteristics including age, gen-
der, disease type, HGB <100g/L, PLT <100 x 10°/L, bone
marrow blasts >74% and cytogenetic abnormalities (all
p > .050) (Table 2).

Clinical outcomes of adult Ph~ ALL patients

Fifty (64.1%) adult Ph~ ALL patients achieved CR at
1 month. Furthermore, 23 (29.5%) patients were assessed as
MRD after CR. Thirty-two (41.0%) patients received
allo-HSCT. The median follow-up time was 1.7 years, rang-
ing from 0.1 to 5.0 years. Additionally, the median EFS was
3.5 years, while the median OS was not reached. Besides,
the 1-year, 3-year and 5-year accumulating EFS rates were
73.4%, 52.9% and 35.3%, accordingly. The 1-year, 3-year and
5-year accumulating OS rates were 81.5%, 69.1% and 51.0%,
correspondingly (Supplementary Table 2).

Table 1. Clinical characteristics of adult Ph~ ALL patients.
Adult Ph~ ALL patients (N = 78)
34.5 (19.0-59.0)

Clinical characteristics

Age (years), median (range)

Male, n (%) 46 (59.0)
Type, n (%)

T-ALL 16 (20.5)
B-ALL 62 (79.5)
Pro-B ALL or early-T ALL, n (%) 9 (11.5)
WBC elevation at diagnosisa, n (%) 23 (29.5)

HGB <1004/L, n (%) 59 (75.6)

PLT <100 x 10%/L, n (%) 68 (87.2)
Bone marrow blasts (%), median (range) 74.0 (31.0-94.0)
Cytogenetic abnormalitiesb, n (%) 21 (26.9)

Linkage of CDC42 with CR and MRD in adult Ph~ ALL

patients

CDC42 was negatively associated with CR at 1 month in

adult Ph~ ALL patients (p =

.034). In detail, the median

(IQR) CDC42 in patients with and without CR at 1 month

Figure 1. CDC42 was increased in adult Ph~ ALL patients compared with

donors.

Table 2. Correlation between CDC42 expression and clinical characteristics of

adult Ph~ ALL patients.

CDC42 expression,

Clinical characteristics median (IQR) Z value p Value
Age -0.210 834
<35 years 3.270 (1.765-5.745)

=35 years 2.335 (1.508-4.250)

Gender —-0.803 422
Female 3.250 (1.420-4.495)

Male 2.720 (1.680-5.530)

Type —0.371 710
T-ALL 2.695 (1.580-5.470)

B-ALL 2.970 (1.620-4.788)

Pro-B ALL or early-T ALL —-2.072 .038
No 2.625 (1.548-4.683)

Yes 4.740 (2.908-7.638)

WBC elevation at —2.246 .025

diagnosisa

No 2.160 (1.510-4.410)

Yes 4.900 (2.410-6.540)

HGB <100g/L -1.339 181
No 2.530 (1.250-4.410)

Yes 3.220 (1.640-5.650)

PLT <100 x 10°/L -1.270 204
No 2.160 (1.155-5.490)

Yes 3.250 (1.750-5.155)

Bone marrow blasts >74% —1.744 .081
No 2.120 (1.525-4.925)

Yes 3.550 (2.380-5.280)

Cytogenetic —-1.538 124

abnormalitiesb
No
Yes

2410 (1.535-4.425)
4.900 (2.785-5.830)

Ph~ ALL: Philadelphia chromosome-negative acute lymphoblastic leukemia; SD:
standard deviation; T-ALL: T-cell acute lymphoblastic leukemia; B-ALL: B-cell
acute lymphoblastic leukemia; WBC: white blood cell; HGB: hemoglobin; PLT:
platelet.

2WBC >30 x 10%L for B-ALL, WBC >100 x 10%L for T-ALL.

bCytogenetic abnormalities defined as any of the following conditions: t(9;22)
(934;911)/BCR-ABL,  t(4;11)(g21;923)/ALL1-AF4, t(1:19)/E2A-PBX, HOX11L2,
hyperdiploidy or hypodiploidy.

Ph= ALL: Philadelphia chromosome-negative acute lymphoblastic leukemia;
CDC42: cell division cycle 42; IQR: interquartile range; T-ALL: T-cell acute lym-
phoblastic leukemia; B-ALL: B-cell acute lymphoblastic leukemia; WBC: white
blood cell; HGB: hemoglobin; PLT: platelet.

aWBC >30 x 10%L for B-ALL, WBC >100 x 10°L for T-ALL.

bCytogenetic abnormalities defined as any of the following conditions: t(9;22)
(934;,911)/BCR-ABL,  t(4;11)(q21;923)/ALL1-AF4, t(1:19)/E2A-PBX, HOX11L2,
hyperdiploidy or hypodiploidy.
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were 2.970 (1.620-5.028) and 3.755 (2.600-6.385), respec-
tively. However, CDC42 was not linked with MRD after CR
(p = .066). Specifically, the median (IQR) CDC42 in patients
with and without MRD after CR were 3.290 (2.120-6.000)
and 2.160 (1.470-4.410), correspondingly (Table 3).

Comparison of EFS and OS between adult Ph~ ALL
patients with CDC42 < 3.310 and =3.310

EFS was shorter in adult Ph™ ALL patients with
CDC42 > 3.310 compared to those with CDC42 < 3.310
(p = .006). In detail, the 1-year, 3-year and 5-year accumu-
lating EFS rates in Ph™ ALL patients with CDC42 > 3.310
were 60.3%, 35.8% and 29.9%, respectively; while the rates
of those with CDC42 < 3.310 were 87.0%, 70.2% and 45.4%,
accordingly (Figure 2(A)). Besides, patients with CDC42 >
3.310 displayed a shortened OS compared with those with
CDC42 < 3.310 (p = .036). Specifically, the 1-year, 3-year
and 5-year accumulating OS rates of Ph~ ALL patients with
CDC42 = 3.310 were 76.5%, 55.3% and 39.4%, correspond-
ingly; whereas the rates in those with CDC42 < 3.310 were
86.5%, 82.6% and 63.6%, respectively (Figure 2(B)).

Subgroup analyses

In patients with CR, EFS was shortened in patients with
CDC42 > 3.310 compared to those with CDC42 < 3.310

Table 3. Correlation between CDC42 expression and CR/MRD of adult Ph~ ALL
patients.

CDC42 expression,

Items median (IQR) Z value p Value
CR at 1 month -2.120 034
No 3.755 (2.600-6.385)
Yes 2.970 (1.620-5.028)
MRD after CR -1.839 .066
No 2.160 (1.470-4.410)
Yes 3.290 (2.120-6.000)

Ph= ALL: Philadelphia chromosome-negative acute lymphoblastic leukemia;
CDC42: cell division cycle 42; CR: complete remission; MRD: minimal residual
disease; IQR: interquartile range.

(p = .040) (Supplementary Figure 1A), while OS was not
different between patients with CDC42 > 3.310 and <3.310
(p = .541) (Supplementary Figure 1B). In patients with
MRD after CR, EFS was shorter in patients with
CDC42 = 3.310 than those with CDC42 < 3.310 (p = .040)
(Supplementary Figure 1C), and no difference was seen in
OS between patients with CDC42 > 3.310 and <3.310
(p = .640) (Supplementary Figure 1D). Concerning
patients without CR, neither EFS (p = .144) (Supplementary
Figure 1E) nor OS (p = .133) (Supplementary Figure 1F)
was varied between patients with CDC42 > 3.310
and <3.310.

Factors affecting EFS in adult Ph~ ALL patients

CDC42 = 3.310 (yes vs. no) (hazard ratio (HR) = 2.623,
p = .008), pro-B ALL or early-T ALL (yes vs. no) (HR =
2.929, p = .019), WBC elevation at diagnosis (yes vs. no)
(HR = 2.804, p = .003) and cytogenetic abnormalities (yes
vs. no) (HR = 2.737, p = .004) were related to poor EFS in
adult Ph~ ALL patients (Figure 3(A)). According to multi-
variate Cox’s regression analyses, CDC42 > 3.310 (yes vs.
no) (HR = 2.933, p = .005), WBC elevation at diagnosis (yes
vs. no) (HR = 2.329, p = .021) and disease type (T-cell ALL
vs. B-cell ALL) (HR = 2.283, p = .045) were independently
associated with shorter EFS (Figure 3(B)).

Factors affecting OS in adult Ph~ ALL patients

CDC42 > 3.310 (yes vs. no) (HR = 2.369, p = .041), pro-B
ALL or early-T ALL (yes vs. no) (HR: 3.967, p = .004),
WBC elevation at diagnosis (yes vs. no) (HR = 4.169,
p < .001), bone marrow blasts > 74% (yes vs. no) (HR =
2.474, p = .036) and cytogenetic abnormalities (yes vs. no)
(HR = 2.756, p = .012) were correlated with shortened OS
in adult Ph~ ALL patients (Figure 4(A)). While after adjust-
ment, only WBC elevation at diagnosis (yes vs. no) (HR =

Figure 2. Adult Ph~ ALL patients with CDC42 > 3.310 exhibited a shorter EFS and OS. Comparison of EFS (A) and OS (B) between adult Ph~ ALL patients with

CDC42 = 3.310 and <3.310.
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Figure 3. CDC42 > 3.310 was independently related to shorter EFS in adult Ph~ ALL patients. Univariate (A) and multivariate (B) Cox’s regression analyses for EFS

in adult Ph~ ALL patients.

3.780, p = .001) and pro-B ALL or early-T ALL (yes vs. no)
(HR: 3.193, p = .018) were independently correlated with
worse OS (Figure 4(B)).

Discussion

Previous studies provide evidence that there is a dysregula-
tion of Rho GTPases (including Racl, Rho and CDC42,

etc.) in hematological malignancy [13,21]. For instance, a
study notices that CDC42 expression is elevated in acute
myeloid leukemia compared with controls based on the
BloodSpot database [13]. Another study observes that Racl
is overexpressed in ALL patients compared with normal
donors [21]. However, no public database has revealed the
CDC42 in Ph~ ALL patients. The present study identified
that CDC42 was increased in adult Ph~ ALL patients com-
pared to donors. The potential explanations could be those:
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Figure 4. CDC42 > 3.310 was not an independent factor for OS in adult Ph~ ALL patients. Univariate (A) and multivariate (B) Cox’s regression analyses for OS in

adult Ph~ ALL patients.

(1) CDC42 facilitated cell polarity and asymmetric division,
inhibiting the apoptosis of leukemia cells [13]. (2) CDC42
exerted a function of enhancing proliferation of ALL cells,
thus, its elevation indicated the increased number of malig-
nant cells [13]. Therefore, there was an elevated CDC42 in
adult Ph~ ALL patients compared with normal bone mar-
row donors.

Apart from the aberrant expression of CDC42, the cur-
rent study also disclosed that CDC42 was positively cor-
related with pro-B cell ALL or early-T ALL and WBC
elevation at diagnosis. The probable reasons might be those:

(1) pro-B cell ALL or early-T ALL represented more malig-
nant immunological subtypes of ALL, characterized by the
aggressive growth of leukemia cells [22,23]; moreover,
increased CDC42 was correlated with the growth of leuke-
mia cells [13,14]. Thus, elevated CDC42 was linked with
pro-B cell ALL or early-T ALL. (2) Increased CDC42 mod-
ulated dysregulated proliferation of leukemia cells, and
potentially facilitated egressing of immature WBCs from
bone marrow to peripheral blood in ALL [11,13,24]. Hence,
CDC42 was positively linked with WBC elevation at diag-
nosis in adult Ph™ ALL patients.
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Concerning the correlation of CDC42 with treatment
response, the present study observed that CDC42 was
inversely correlated with CR at 1 month in adult Ph~ ALL
patients. The potential explanations could be those: (1)
CDC42 activated p21-activated kinases to induce drug resis-
tance in ALL, leading to worse treatment response [25,26].
(2) Increased CDC42 contributed to immune escape of leu-
kemia cells from cytotoxicity of NK cells via remodeling
actin  cytoskeleton, resulting in insufficient treatment
response in adult Ph~ ALL patients [14]. Therefore, elevated
CDC42 was related to unpleasing treatment response in
adult Ph~ ALL patients.

Previous studies have suggested the potential of Rho
GTPases as a prognostic marker in patients with leukemia
due to their modulatory function in cancer progression
[27-29]. A study discloses that RhoH (a member of Rho
GTPases) has an ability for predicting prognosis of acute
myeloid leukemia patients [28]. Another study reveals that
elevated RhoF (another member of Rho GTPases) expres-
sion is independently associated with worse OS in acute
myeloid leukemia [27]. As a core member of Rho GTPases,
CDC42 is hypothesized as a marker for predicting survival
of adult Ph™ ALL patients. The current study identified that
higher CDC42 was correlated with shortened EFS (further
confirmed by multivariate Cox’s regression analyses) and
OS in adult Ph~ ALL patients. The potential explanations
might be those: (1) increased CDC42 contributed to resis-
tance toward treatment in ALL patients, resulting in poor
prognosis of them [28]. (2) Elevated CDC42 promoted
tumor progression, increasing the potential of central ner-
vous system infiltration in ALL, which led to shortened sur-
vival of patients [30]. Therefore, CDC42 > 3.310 predicted
a worse survival profile of adult Ph~ ALL patients.

Limitations of the present study were as follows: (1) this
was a single center study; thus, selective bias was unavoid-
able. (2) The relatively small sample size (N = 78) was a
major shortage of this study, which weakened the statistical
power to some extent. Therefore, the findings of this study
required verification by studies with a larger sample size in
the future. (3) The study merely included adult Ph~ ALL
patients, while the prognostic value of CDC42 in other sub-
types (such as adult Ph* ALL) was uncertain. (4) This was
a retrospective study; hence, confounding factors was hard
to avoid.

In conclusion, increased CDC42 may link with pro-B
ALL or early-T ALL, WBC elevation at diagnosis, unfavor-
able clinical response and worse survival in adult Ph~ ALL
patients, suggesting its potency as a prognostic biomarker
for these patients. However, the findings require further val-
idation in prospective studies with a larger sample size.
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