:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

Mahara Valverde,
National Autonomous University of Mexico,
Mexico

Kshama Gupta,

Mayo Clinic, United States

Antonieta Chavez-Gonzalez,

Mexican Social Security Institute, Mexico

Jianfeng Zhang
28503037@hebmu.edu.cn

01 November 2024
20 December 2024
13 January 2025

Wang Z, Yuan J, Zhou N and Zhang J (2025)
Serum stromal cell-derived factor 1o

as a prognostic indicator in elderly patients
with acute myeloid leukemia receiving
CAG-based chemotherapy.

Front. Oncol. 14:1521179.

doi: 10.3389/fonc.2024.1521179

© 2025 Wang, Yuan, Zhou and Zhang. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Oncology

Original Research
13 January 2025
10.3389/fonc.2024.1521179

Serum stromal cell-derived
factor 1o as a prognostic
indicator in elderly patients
with acute myeloid leukemia
receiving CAG-

based chemotherapy

2%

Zhenzhen Wang?, Jing Yuan*, Nan Zhou* and Jianfeng Zhang

tDepartment of Hematology, the Second Hospital of Hebei Medical University, Hebei,
Shijiazhuang, China, 2The Second Department of General Surgery, the Fourth Hospital of Hebei
Medical University, Hebei, Shijiazhuang, China

Background: Stromal-cell-derived factor 1 (SDF-1) plays a crucial role in
hematopoiesis and has been implicated in acute myeloid leukemia (AML)
pathogenesis. Understanding its relationship with chemotherapy outcomes
could lead to improved therapeutic approaches for elderly AML patients.

Methods: This study retrospectively analyzed the medical records of elderly AML
patients (n = 187) and compared serum SDF-1a levels with age-matched controls
(n = 120). Patients received CAG (cytarabine, aclarubicin, and G-CSF)-based
chemotherapy, and serum SDF-1a levels were assessed using ELISA.

Results: Serum SDF-1a levels were significantly elevated in elderly AML patients
compared to controls (p < 0.001). Receiver operating characteristic (ROC)
analysis confirmed its diagnostic relevance, revealing the area under the ROC
curve (AUC) of 0.76. Factors such as age, French-American-British (FAB)
classification, Eastern Cooperative Oncology Group (ECOG) performance
status, primary AML status, white blood cell count, and bone marrow blast cell
ratio, were confirmed to be prognostically relevant. Serum SDF-1o levels were
elevated in patients who did not achieve complete remission (NCR) compared to
those in complete remission (CR). ROC analysis further highlighted the predictive
capability of serum SDF-lo for chemotherapy responsiveness. Independent
predictors of treatment failure included age, FAB classification, ECOG status,
and serum SDF-1a levels. Following chemotherapy, serum SDF-la levels
decreased in patients in CR but remained unchanged in those in NCR. Higher
baseline levels of SDF-1a were associated with shorter overall survival.

Conclusions: Elevated serum SDF-1a levels in elderly AML patients are associated
with poor chemotherapy response and shorter survival. Baseline serum SDF-1o
levels could serve as a prognostic marker for CAG-based treatment outcomes.

stromal-cell-derived factor 1 alpha (SDF-1a), acute myeloid leukemia (AML), elderly,
CXC chemokine receptor type 4 (CXCR4), chemotherapy response
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Introduction

Acute myeloid leukemia (AML) is a prevalent malignancy in the
elderly, typically diagnosed at around 70 years (1, 2). Despite advances
in treatment, survival rates for older adults have not improved
significantly, with less than 10% of patients over 65 surviving past
five years post-diagnosis (1). The poor prognosis in older AML patients
is multifaceted, stemming from age-related factors such as reduced
performance status, comorbidities, and increased likelihood of severe
treatment complications (3). Additionally, the elderly have a distinct
biological and cytogenetic landscape, often presenting with
unfavorable genetic mutations, secondary AML, or treatment-related
AML, further complicating their therapeutic response (4). These
complexities necessitate a deeper investigation into the factors
affecting treatment tolerance and the development of more
individualized treatment approaches for the elderly with AML.

Stromal-cell-derived factor 1 (SDF-1, CXCL12) is a CXC-
chemokine continually produced and affects various physiological
pathways, such as the development of the embryo and the
homeostasis of organs (5-7). The pleiotropic chemokine is
generated/secreted by a variety of organs, such as the lung, liver,
bone marrow, and skin. SDF-1 stimulates G protein-coupled receptors,
CXC chemokine receptor type 7 (CXCR7) and CXCR4, which have
roles in inflammation, neurogenesis, hematopoiesis, angiogenesis,
cancer metastasis, and HIV infection. SDF-1c. plays a key role in
various biological processes, including immune response, cell
differentiation, tissue repair, and tumorigenesis (8-10) It facilitates
the migration and differentiation of immune cells and has been
implicated the migration, homing, and mobilization of
hematopoietic cells, playing a vital role in the maintenance and
regulation of the bone marrow niche (11). SDF-1 also contributes to
angiogenesis, as seen in reduced vascularization in osteosarcoma upon
SDF-1 suppression (12). Interestingly, serum SDF-1a: levels have been
found to exhibit a significant positive correlation with increasing age
(13). A previous study demonstrated that patients with AML exhibited
increased total SDF-1 concentrations in their peripheral blood, while
simultaneously showing decreased levels of functionally active SDF-1
(14). While serum SDF-1 is not exclusive to any single AML subtype,
certain studies have observed higher levels in specific subtypes. For
instance, AML M4 and M5 (acute myelomonocyticleukemia and acute
monocytic leukemia) tend to show elevated SDF-1 levels, potentially
due to their higher percentage of monocytic cells, which are known to
express high levels of CXCR4 and are particularly responsive to SDF-1
signaling (15).

CXCR4 and its ligand, SDF-1, constitute a critical axis in AML,
involved in the navigation and maintenance of leukemia cells within the
bone marrow niche, a sanctuary that offers protection and sustenance to
both malignant and healthy hematopoietic stem cells. The prognostic
significance of CXCR4 expression on leukemia cells in AML patients has
been recognized, as varying levels of expression correlate with disease
outcomes (16, 17). Targeting CXCR4 with antagonists to dislodge
leukemia cells from the BM has shown promise, making these cells
more vulnerable to treatment. This strategy has paved the way for the use

Abbreviations: SDF-1, Stromal-cell-derived factor 1; AML, acute myeloid

leukemia; CR, complete remission.
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of CXCR4 antagonists in clinical trials, where they have been combined
with conventional chemotherapy and other agents to potentially
improve therapeutic efficacy.

Our study aims to investigate the concentration of SDF-10a. in
the serum of elderly AML patients compared to that in healthy
individuals, analyze its correlation with chemotherapy outcomes,
and observe the fluctuations in serum SDF-1a levels before and
after chemotherapy. Understanding these relationships could pave
the way for more effective and individualized treatment regimens
for elderly AML patients.

Methods
Study design and patient selection

This study retrospectively analyzed the medical records and
follow-up data of elderly patients diagnosed with AML at the Second
Hospital of Hebei Medical University. Inclusion criteria were based on
the diagnostic standards outlined in the Chinese Society of
Hematology’s Guidelines for the Diagnosis and Treatment of Adult
Acute Myeloid Leukemia (2011 edition). Patients aged 60 years or
older, without prior treatment, including radiation, chemotherapy,
targeted therapy, or hormonal therapy, were included. Exclusion
criteria comprised patients with a history of AML retreatment,
concurrent malignancies, severe organ dysfunction, acute
cardiovascular or cerebrovascular events, incomplete clinical data, or
those who expired during chemotherapy. The study was approved by
the Second Hospital of Hebei Medical University.

The study comprised two primary groups, 120 elderly controls
and 187 elderly AML patients who had received chemotherapy
(Supplementary Figure S1). Serum levels of SDF-10t were measured
in both groups. AML patients were further categorized into two
subgroups based on treatment response, complete remission (CR,
n=79) and non-complete remission (NCR, n=108). For both CR
and NCR groups, serum SDF-1a. levels were measured at baseline
and post-chemotherapy. The serum SDF-1a levels were utilized for
subsequent analyses. Multivariate logistic analysis and overall
survival analysis were conducted.

Clinical and laboratory assessments

Patients were classified according to the French-American-
British (FAB) classification system and assessed using the Eastern
Cooperative Oncology Group (ECOG) performance status scale.
Serum SDF-lo levels were assessed by an enzyme-linked
immunosorbent assay kit (R&D Systems, USA).

Chemotherapy regimen

The chemotherapy regimen employed was based on CAG,
comprising the following specific treatments: idarubicin 14 mg/
m® administered intravenously once daily on days 1-4, cytarabine
10 mg/m® administered subcutaneously once every 12 hours on
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days 1-14, and granulocyte colony-stimulating factor 200 pg/m*
administered subcutaneously on days 1-14.

Response evaluation

Complete remission (CR) was defined as per the criteria
outlined in the standard diagnostic and therapeutic criteria for
hematologic diseases. CR was characterized by the absence of
clinical symptoms and signs attributable to leukemia cell
infiltration, with hemoglobin levels 2100 g/L (in males) or =90 g/
L (in females and children), absolute neutrophil counts >1.5x10°/L,
platelet counts >100x10/9/L, absence of leukemia cells in
peripheral blood smears, and bone marrow blast cell ratio <5%.
Overall survival (OS) was calculated from the end of chemotherapy
to the date of death, loss to follow-up, or the end of the study period.

Statistical analysis

Data were presented as median * standard deviation (SD).
Student’s t-test and chi-square test were utilized for continuous and
categorical variables, respectively. Regarding the odds ratio (OR)
estimation, we employed multivariate logistic regression analysis to
identify risk factors affecting short-term prognosis in elderly AML
patients after chemotherapy. The dependent variable was complete
remission status (CR = 0, NCR = 1), while the independent variables
were the factors showing significant differences in Table 1. The formula
for odds ratio is OR = (a/c)/(b/d), where ‘a’ is the number of exposed
cases, b’ is the number of exposed controls, ‘C’ is the number of
unexposed cases, and ‘d’ is the number of unexposed controls. For the
Receiver operating characteristic (ROC) analysis, we utilized standard
methods available in our statistical software. In Figure 1, AML was set
as the disease group and Control as the reference group. Similarly, for
Figure 2, NCR was designated as the disease group and CR as the
reference group. The software then automatically generated the ROC
curves and calculated the Area Under the Curve (AUC). Regarding the
choice of statistical tests, we used Fisher’s exact test for comparisons
between two groups with binary variables. For comparisons involving
three or more categories, we employed the Chi-square test. We will
clearly indicate in Table 1 which test was used for each parameter to
improve clarity. Our analysis identified several independent risk
factors for failure to achieve complete remission in elderly AML
patients after chemotherapy. These include age more than 75 years
old, FAB subtypes M4/M5/M6, ECOG status 3-4, and serum SDF-1o.
levels more than 1.79 ng/mL. Statistical analyses were conducted using
SPSS version 20 (IBM Corp., USA), with p-values <0.05 considered
statistically significant.

Results

Elevated serum SDF-1a in elderly with AML

In a retrospective analysis, serum SDF-1lo levels were
significantly higher in elderly patients with AML (n = 187)
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TABLE 1 Analysis of single factors affecting the chemosensitivity in
elderly patients with acute myeloid leukemia (AML).

Factors CR(n=79) NCR(n=108) p value
Gender

Male 43 (54.4%) 61 (56.5%) 0.882
Female 36 (45.6%) 47 (43.5%)

Age (years)

60-69 30 (37.9%) 18 (16.7%) < 0.001
70-79 34 (43.1%) 47 (43.5%)

> 80 15 (19.0%) 43 (39.8%)

FAB classification

Mo 4 (5.1%) 0 (0%) < 0.001
M1 5 (6.3%) 10 (9.3%)

M2 26 (32.9%) 13 (12.0%)

M3 21 (26.5%) 27 (25.0%)

M4 19 (24.1%) 42 (38.9%)

M5 4 (5.1%) 15 (13.9%)

M6 0 (0%) 1 (0.9%)

ECOG (Eastern Cooperative Oncology Group)

1 25 (31.6%) 18 (16.7%) 0.002
2 39 (49.4%) 43 (39.8%)

3 15 (19.0%) 44 (40.7%)

4 0 (0%) 3 (2.8%)

Primary AML

Yes 77 (97.5%) 95 (87.9%) 0.027
No 2 (2.5%) 13 (12.1%)

White blood cell count (* 10%/L)

<50 68 (86.1%) 74 (68.5%) 0.006
> 50 11 (13.9%) 34 (31.5%)

Blood platelet count (* 10°/L)

<20 35 (44.3%) 58 (53.7%) 0.237
> 20 44 (55.7%) 50 (46.3%)

Bone marrow blast cell ratio (%)

<50 60 (75.9%) 36 (33.3%) < 0.001
> 50 19 (24.1%) 72 (66.7%)

The data were shown as n (percentage). The comparisons of data between the two groups were
done by Fisher’s exact test or Chi-square test.
CR, complete remission; NCR, without complete remission.

compared to age-matched control subjects (n = 120, p< 0.001,
Figure 1A). The diagnostic utility of serum SDF-lo was further
substantiated through ROC curve analysis, which yielded an AUC
of 0.76, with an optimal cut-off value at 161 ng/mL, sensitivity of
65.24%, and specificity of 80.83% (Figure 1B), suggesting that SDF-

frontiersin.org


https://doi.org/10.3389/fonc.2024.1521179
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

Q

p < 0.001
1
- I
%’ 3 — %
ol8
5 o uc;ogc
5 3
2
LDI_ — oooo
n B ”
S 1 5 ogation
E LEAAA 830
(% oSg ;: c: :o
0 [ |
Control AML

FIGURE 1

10.3389/fonc.2024.1521179

100
80
X
2 60
=
2 4
2 “"AUC: 0.76
p <0.001
20— Cut off: 1.61 ng/mL
. Sensitivity: 65.24 %
Specificity: 80.83 %
0 T | T T
0 20 40 60 80 100

100% - Specificity%

Elevated serum SDF-1a in elderly with AML. (A) Box plots comparing serum SDF-1a levels between elderly patients with acute myeloid leukemia
(AML) (n = 187) and healthy controls (n = 120), with p-values derived from the Mann-Whitney test. (B) Features ROC analysis assessing the ability of

serum SDF-1o to differentiate elderly individuals with AML from controls.

1o could be a valuable biomarker for distinguishing AML in the
elderly population.

Factors influencing chemosensitivity in
elderly AML patients

Further examination of the single-factor analysis identified
critical factors impacting chemosensitivity following two cycles of
induction chemotherapy. Of the patients, 79 achieved complete
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remission (CR), while 108 did not respond completely (NCR) or
died. We found statistically significant differences in short-term
prognosis between the two groups based on age, FAB classification,
Eastern Cooperative Oncology Group (ECOG) performance status,
primary versus secondary AML, white blood cell count, and bone
marrow blast cell ratio (Table 1). Gender and blood platelet count
did not show a significant impact on chemosensitivity. Age, with a
p-value of < 0.001, FAB classification, with specific subtypes such as
MO showing a significant difference, ECOG performance status (p =
0.002), primary AML status (p = 0.027), white blood cell count (p =
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Prognostic role of serum SDF-1o in AML chemosensitivity. (A) Box plots show baseline serum SDF-1a levels compared between elderly AML patients
achieving complete remission (CR, n = 79) and those not achieving remission (NCR, n = 108), with significance tested by the Mann-Whitney test.
(B) ROC analysis predicts complete remission after chemotherapy based on baseline serum SDF-1a levels in these patients.
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0.006), and bone marrow blast cell ratio (p < 0.001), were found to
be prognostically relevant, indicating their potential as predictors
for treatment response in this patient population.

Prognostic role of serum SDF-1a. in
AML chemosensitivity

To analyze the prognostic value of serum SDF-la levels in
chemosensitivity of elderly patients with AML, we divided patients
into those who achieved complete remission (CR, n = 79) and those
who did not (NCR, n = 108), based on their response to two cycles
of induction chemotherapy. Baseline serum levels of SDF-1a. were
compared between the two groups, revealing significantly higher
concentrations in patients who did not achieve complete remission
(p < 0.001, Figure 2A). A ROC analysis was conducted using
baseline serum SDEF-1a: levels to predict chemosensitivity (short-
term prognosis) in these patients (Figure 2B). The analysis indicated
a strong prognostic value with an AUC of 0.83, suggesting that
baseline serum SDF-lot is a potential predictor of treatment
response in elderly AML patients.

Independent risk factors for chemotherapy
response in elderly AML

In the multivariate logistic regression analysis, factors
influencing the likelihood of achieving complete remission after
two cycles of induction chemotherapy were identified (Table 2). The
analysis, which considered CR and NCR as dependent variables,
revealed several independent risk factors for the absence of
complete remission. Patients aged over 75 years had an OR of
2.364, indicating more than double the risk of not achieving CR
compared to younger patients. Notably, those with FAB
classification M4/M5/M6 had a markedly higher risk (OR of
4.217), and ECOG performance status of 3-4 was associated with
an OR of 3.892. Additionally, a serum SDF-1o level higher than
1.79 ng/mL was associated with a 46% increase in the risk of not
achieving CR (OR of 1.462). The presence of secondary AML, a
white blood cell counts greater than 50 x 10°/L, and a bone marrow
blast cell ratio over 50% also appeared to influence
chemosensitivity, but not to a statistically significant extent. These
findings suggest that age, FAB classification, ECOG status, and
serum SDF-1a levels are significant predictors of chemotherapeutic
response in the elderly AML population.

Serum SDF-1a response to chemotherapy
in elderly AML patients

We next investigated the variations in serum SDF-1a. levels
among AML patients before and after chemotherapy. A decrease in
serum SDF-10 was observed post-treatment across both all patients
(Figure 3A, p <0.001) and patients who achieved CR (Figure 3B, p <
0.001). Conversely, in patients who did not reach CR (NCR,
Figure 3C), serum SDF-lo levels did not change significantly

Frontiers in Oncology

10.3389/fonc.2024.1521179

TABLE 2 Multivariate logistic analysis for the chemosensitivity in elderly
patients with acute myeloid leukemia (AML).

OR | 95% CI p
value

Age more than 75 years old 2364 1.526 0.009
to 6.114

FAB with M4/M5/M6 4.217 | 3.085 0.002
t0 9.893

ECOG with 3-4 3.892 | 2.174 0.006
to 8.602

Secondary AML 1.867 | 0914 0.125
to 3.225

White blood cell count more than 2.073 | 0.946 0.087

50 * 10°/L to 3.148

Bone marrow blast cell ratio more 1.684  0.853 0.119

than 50% to 2.795

Seum SDF-1o more than 1.79 ng/mL 1462 1.098 0.027
to 1.883

OR, Odds Ratio; CI, confidence interval.
ECOG, Eastern Cooperative Oncology Group.

post-chemotherapy (p = 0.105). These findings suggest a
correlation between serum SDF-lov levels and the sensitivity of
elderly AML patients to chemotherapy, where a decrease in SDF-10.
is associated with a positive response to treatment.

Baseline serum SDF-1o and long-term
survival in elderly AML patients

To confirm the prognostic significance of baseline serum SDF-
1ot levels in elderly AML patients, we utilized a cut-off value of 1.79
ng/mL to predict complete remission post-chemotherapy. The
cohort was stratified into a low serum SDF-la group (n = 87)
and a high serum SDF-1o. group (n = 100). Over a 5-year follow-up
period, the OS curves clearly demonstrated a significant difference
between the two groups. Patients in the low SDF-1ow group had a
median overall survival of 18 months, whereas those in the high
SDF-1a group had a notably shorter median OS of only 11 months
(Figure 4). This disparity suggests a strong association between
baseline serum SDF-1a. levels at diagnosis and long-term outcomes
in elderly AML patients, with lower levels indicating a more
favorable prognosis.

Discussion

The discovery of effective biomarkers for elderly AML patients
holds immense clinical importance due to the unique challenges
this group faces. AML in older adults is characterized by a lower
survival rate, with less than 10% living beyond five years post-
diagnosis, exacerbated by age-related declines in physical health,
comorbidities, and more frequent adverse reactions to aggressive
treatments. Additionally, the biological and genetic profiles of AML
in the elderly often include unfavorable mutations and complexities
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Serum SDF-1a response to chemotherapy in elderly AML patients. (A) Changes in serum SDF-1a. post-chemotherapy are tracked for elderly AML
patients, with CR (B) and without CR (C), analyzed using paired t-tests for statistical significance.

such as secondary or treatment-related AML, which complicate
response to standard therapies. In this study, we found that the
serum SDF-1q, with its significant roles in immune cell migration,
tissue repair, and tumor microenvironment regulation, could serve
as a critical indicator of treatment response and overall prognosis.
Elevated SDF-1ov levels were identified as significant both
diagnostically and prognostically. Serum SDF-la not only
differentiated AML patients from controls with notable accuracy
(AUC of 0.76), but also emerged as a predictive marker for
chemotherapy outcomes, with higher levels correlating with NCR
and shorter overall survival. Several factors, including age, FAB
classification, ECOG performance status, and initial serum SDF-1o.
levels, were statistically significant in predicting chemosensitivity
and risk of treatment failure. We therefore propose a simple
illustrative model, which begins with patient assessment,
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FIGURE 4

Baseline serum SDF-1a and long-term survival in elderly AML
patients. Patients were stratified into low (n = 87) and high (n = 100)
serum SDF-1o groups based on a cut-off of 1.79 ng/mL for
predicting complete remission after chemotherapy. The panel
illustrates 5-year overall survival curves for these groups,
highlighting the impact of baseline serum SDF-1a. levels on long-
term outcomes.
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considering factors such as age (with >75 years as a risk factor),
FAB classification (M4/M5/M6 as risk factors), ECOG performance
status (3-4 as risk factors), and serum SDF-1c level. Risk
stratification follows, with serum SDF-1c. > 1.79 ng/mL indicating
high risk and < 1.79 ng/mL suggesting lower risk. Importantly, a
post-chemotherapy decrease in serum SDF-10. levels was associated
with positive response to treatment, emphasizing its potential as a
biomarker for monitoring treatment efficacy and predicting long-
term survival in this vulnerable population.

SDF-1 activates Akt and ERK pathways, promoting invasion,
metastasis, cell cycle progression, epithelial-mesenchymal
transition, proliferation, and migration in various cancer types,
including lung cancer, AML and glioblastoma (18, 19).
Additionally, in breast cancer, elevated SDF-1 levels activate the
NEF-xB pathway, promoting epithelial-mesenchymal transition and
the emergence of cancer stem cell-like characteristics (20). In AML,
SDF-1 plays a crucial role through its interaction with the CXCR4
receptor, influencing several aspects of the disease. Primarily, SDF-
10/CXCR4 interaction facilitates the homing and retention of
leukemic stem cells within the protective bone marrow
microenvironment, promoting their survival, proliferation, and
contributing to chemotherapy resistance (21, 22). This interaction
triggers key signaling pathways such as PI3K/Akt and MAPK/ERK
that enhance cell survival and drug resistance, posing significant
challenges in treatment and contributing to high relapse rates (23—
26). Our results underscore the diagnostic potential of serum SDEF-
la, as evidenced by a significant elevation in patients with AML
compared to healthy controls. The ROC curve analysis yielded an
AUC of 0.76, demonstrating a reasonably good diagnostic
performance. This is particularly valuable given the complexity of
diagnosing AML in the elderly, who often present with ambiguous
clinical manifestations and have comorbid conditions that may
confound standard diagnostic criteria. Our findings support earlier
studies suggesting that in AML, elevated levels of CXCR4-
expressing microparticles and SDF-1, which correlate with higher
white blood cell counts, play a significant role in disease progression
and may serve as potential diagnostic markers (14). In addition,
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SDF-1 gene polymorphisms and CXCR4 expression in AML
patients were found to correlate with higher disease risk and
poorer prognosis (15), suggesting their potential as targets for
therapy and markers in diagnostic evaluations. However, the
sensitivity and specificity achieved in this study suggest that while
SDF-1a is promising, it is not definitive on its own. It would be
prudent to use SDF-10t in conjunction with other diagnostic tools to
improve overall accuracy, thereby facilitating early and accurate
diagnosis, which is crucial for the effective management of AML.

Further insights were gained from examining factors that
influence chemosensitivity in elderly AML patients. The single-
factor analysis highlighted several parameters including age, FAB
classification, ECOG performance status, and primary versus
secondary AML status as significant. A comprehensive analysis
highlighted the complexity of treating older AML patients, showing
that while age alone should not dictate the suitability for intensive
therapy, it remains an important factor in evaluating treatment
options and outcomes, with various studies indicating differing
impacts of therapy types on survival depending on age and clinical
characteristics (27). In a study of 1252 AML patients, they reported
a significant correlation between performance status (PS) and
various clinical outcomes (28). Notably, as PS increased, median
age also rose, and there was an associated increase in healthcare
utilization, comorbidity scores, and worsened laboratory values
(higher white blood cell counts and creatinine, lower albumin).
These findings underline the importance of considering
performance status as a significant factor in the clinical
management and treatment strategy decisions for AML patients.
Analysis of 1690 AML patients undergoing allogeneic stem cell
transplantation revealed that the FAB classification, particularly
types M6/M7, is predictive of worse outcomes, including decreased
leukemia-free survival and increased nonrelapse mortality,
highlighting its continued prognostic relevance in AML, NOS
patients (29). The prognostic variability by FAB classification and
ECOG status underscores the heterogeneous nature of AML and the
need for individualized treatment approaches.

Based on the important roles of SDF-10:/CXCR4 signaling in
AML chemotherapy resistance, a previous study showed that
inhibition of CXCR4 disrupted the SDF-10/CXCR4 signaling
pathway, which plays a crucial role in protecting AML cells from
chemotherapy-induced apoptosis by mediating their interaction
with the bone marrow microenvironment (21). By antagonizing
this pathway, it could enhance the sensitivity of AML cells to
chemotherapy, potentially improving treatment outcomes. In
evaluating the prognostic role of serum SDF-1a in relation to
chemosensitivity, our study provides novel insights. Higher
baseline SDF-1a. levels were notably associated with a lower
likelihood of achieving complete remission post-chemotherapy.
This finding suggests a potential mechanistic role of SDF-1a in
mediating resistance to chemotherapeutic agents, possibly through
the promotion of survival pathways in leukemic cells. The strong
prognostic value indicated by an AUC of 0.83 for predicting
chemosensitivity further reinforces the potential of SDF-1a. as a
predictive biomarker, suggesting that its baseline measurement
could inform treatment planning and prognosis. The multivariate
logistic regression analysis identified several independent risk
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factors that affect the likelihood of achieving complete remission.
Notably, older age, advanced FAB classifications, and poorer ECOG
performance status significantly increased the risk of poorer
chemotherapy outcomes. Moreover, a higher serum SDF-1o. level
was associated with an increased risk of not achieving complete
remission, highlighting its role as a critical biomarker in clinical
prognostication. These factors could be utilized to construct a
prognostic model that predicts treatment outcomes, enabling
clinicians to tailor aggressive or conservative treatment strategies
based on a patient individual risk profile.

Previous prognostic studies demonstrated that SDF-1
expression was significantly correlated with poor prognosis of
breast cancers (30). High pre-treatment levels and increasing
post-treatment levels of SDF-1a. are independent prognostic
factors associated with poor progression-free and overall survival
in esophageal squamous cell carcinoma patients undergoing
concurrent chemoradiotherapy (31). In addition, elevated CXCR4
expression on leukemia cells were also found to be associated with a
poor prognosis in patients with AML (32). By analyzing the
dynamic response of serum SDF-1la levels to chemotherapy, we
found a decrease in SDF-1o. post-treatment was associated with a
positive response to chemotherapy, evident from the significant
reductions in patients who achieved CR. This contrasts with those
who did not achieve remission, where SDF-1c. levels remained
largely unchanged. These observations suggest that monitoring
SDF-1a levels during treatment could serve as an indicator of
therapeutic effectiveness, providing real-time feedback on patient
response to chemotherapy. Lastly, our longitudinal analysis of
baseline serum SDF-1o. and its impact on long-term survival
outcomes provided compelling evidence of its prognostic
significance. Patients with lower baseline levels of SDF-1a
exhibited significantly longer median overall survival, suggesting
that lower SDF-1o levels at diagnosis are indicative of a more
favorable prognosis.

However, for further studies, we may combine with other
diagnostic strategies to enhance the predictive and prognostic
value of SDF-1. Additionally, targeting the SDF1/CXCR4 axis
represents an exciting avenue for therapeutic intervention. Several
CXCR4 inhibitors, such as plerixafor (AMD3100) and BL-8040,
have shown promise in preclinical and early clinical studies for
AML. However, challenges remain, particularly in balancing the
inhibition of leukemic cell homing while preserving normal
hematopoietic stem cell function. The critical role of the SDF1/
CXCR4 axis in normal stem cell trafficking and tissue regeneration
necessitates careful consideration of potential side effects. While our
study focused on elderly AML patients, the prognostic significance
of SDF1/CXCR4 in pediatric AML may differ due to the distinct
biological characteristics of childhood leukemia. Studies in younger
cohorts have suggested that high CXCR4 expression correlates with
poor prognosis, but the relationship might not be as straightforward
as in elderly patients. Our findings could potentially be extrapolated
to other hematological malignancies and solid tumors where the
SDF1/CXCR4 axis plays a role in disease progression and
metastasis, such as lymphomas, multiple myeloma, and breast
cancer. However, tumor-specific studies would be necessary to
validate the prognostic value of SDFI in these contexts.
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Conclusions

In conclusion, the multifaceted roles of SDF-1a: highlighted in our
study emphasize its potential as a biomarker for diagnosing, predicting
treatment response, and prognosticating in elderly AML patients.
These findings warrant further exploration into the mechanisms by
which SDF-1o contributes to AML pathophysiology and treatment
outcomes. Moreover, prospective clinical trials are needed to validate
the clinical utility of incorporating SDF-1ainto routine practice, which
could revolutionize the management approach to AML in the elderly,
ultimately improving both therapeutic outcomes and quality of life for
this vulnerable patient population.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Fourth
Hospital of Hebei Medical University. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

ZW: Data curation, Validation, Writing — original draft, Writing —
review & editing. JY: Data curation, Validation, Writing — original
draft, Writing - review & editing. NZ: Data curation, Validation,
Writing — original draft, Writing - review & editing. JZ: Data curation,
Funding acquisition, Resources, Supervision, Validation, Writing -
original draft, Writing — review & editing.

References

1. Palmieri R, Paterno G, De Bellis E, Mercante L, Buzzatti E, Esposito F, et al.
Therapeutic choice in older patients with acute myeloid leukemia: A matter of fitness.
Cancers (Basel). (2020) 12:120. doi: 10.3390/cancers12010120

2. Choi JH, Shukla M, Abdul-Hay M. Acute myeloid leukemia treatment in the
elderly: A comprehensive review of the present and future. Acta Haematol. (2023)
146:431-57. doi: 10.1159/000531628

3. Bazarbachi A. Exciting times ahead for older patients with acute myeloid
leukemia: azacitidine and venetoclax followed by allogeneic hematopoietic cell
transplantation. Bone Marrow Transplant. (2022) 57:147-8. doi: 10.1038/s41409-
021-01474-9

4. Prassek VV, Rothenberg-Thurley M, Sauerland MC, Herold T, Janke H, Ksienzyk
B, et al. Genetics of acute myeloid leukemia in the elderly: mutation spectrum and
clinical impact in intensively treated patients aged 75 years or older. Haematologica.
(2018) 103:1853-61. doi: 10.3324/haematol.2018.191536

5. Cheng X, Wang H, Zhang X, Zhao S, Zhou Z, Mu X, et al. The role of SDF-1/
CXCR4/CXCR7 in neuronal regeneration after cerebral ischemia. Front Neurosci.
(2017) 11:590. doi: 10.3389/fnins.2017.00590

Frontiers in Oncology

10.3389/fonc.2024.1521179

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The study
was supported by Hebei Province Medical Science Research Key
Project (20210748).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1521179/
full#supplementary-material

6. Sun Z, Li X, Zheng X, Cao P, Yu B, Wang W. Stromal cell-derived factor-1/CXC
chemokine receptor 4 axis in injury repair and renal transplantation. J Int Med Res.
(2019) 47:5426-40. doi: 10.1177/0300060519876138

7. LiJ, Chen H, Zhang D, Xie ], Zhou X. The role of stromal cell-derived factor 1 on
cartilage development and disease. Osteoarthr Cartil. (2021) 29:313-22. doi: 10.1016/
jj0€a.2020.10.010

8. Jeng KS, Jeng CJ, Jeng WJ, Chang CF, Sheen IS. Role of C-X-C chemokine ligand
12/C-X-C chemokine receptor 4 in the progression of hepatocellular carcinoma. Oncol
Lett. (2017) 14:1905-10. doi: 10.3892/01.2017.6396

9. Liu H, Liu H, Deng X, Chen M, Han X, Yan W, et al. CXCR4 antagonist
delivery on decellularized skin scaffold facilitates impaired wound healing in
diabetic mice by increasing expression of SDF-1 and enhancing migration of
CXCR4-positive cells. Wound Repair Regener. (2017) 25:652-64. doi: 10.1111/
wrr.2017.25.issue-4

10. Zhou W, Guo S, Liu M, Burow ME, Wang G. Targeting CXCL12/CXCR4 axis in
tumor immunotherapy. Curr Med Chem. (2019) 26:3026-41. doi: 10.2174/
0929867324666170830111531

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1521179/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1521179/full#supplementary-material
https://doi.org/10.3390/cancers12010120
https://doi.org/10.1159/000531628
https://doi.org/10.1038/s41409-021-01474-9
https://doi.org/10.1038/s41409-021-01474-9
https://doi.org/10.3324/haematol.2018.191536
https://doi.org/10.3389/fnins.2017.00590
https://doi.org/10.1177/0300060519876138
https://doi.org/10.1016/j.joca.2020.10.010
https://doi.org/10.1016/j.joca.2020.10.010
https://doi.org/10.3892/ol.2017.6396
https://doi.org/10.1111/wrr.2017.25.issue-4
https://doi.org/10.1111/wrr.2017.25.issue-4
https://doi.org/10.2174/0929867324666170830111531
https://doi.org/10.2174/0929867324666170830111531
https://doi.org/10.3389/fonc.2024.1521179
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

11. Tang CH, Chuang JY, Fong YC, Maa MC, Way TD, Hung CH. Bone-derived
SDF-1 stimulates IL-6 release via CXCR4, ERK and NF-kappaB pathways and
promotes osteoclastogenesis in human oral cancer cells. Carcinogenesis. (2008)
29:1483-92. doi: 10.1093/carcin/bgn045

12. Walenkamp AME, Lapa C, Herrmann K, Wester HJ. CXCR4 ligands: the next
big hit? J Nucl Med. (2017) 58:77S-82S. doi: 10.2967/jnumed.116.186874

13. Carbone LD, Buzkova P, Fink HA, Robbins JA, Bethel M, Hamrick MW, et al.
Association of plasma SDF-1 with bone mineral density, body composition, and hip
fractures in older adults: the cardiovascular health study. Calcif Tissue Int. (2017)
100:599-608. doi: 10.1007/s00223-017-0245-8

14. Kalinkovich A, Tavor S, Avigdor A, Kahn J, Brill A, Petit I, et al. Functional CXCR4-
expressing microparticles and SDF-1 correlate with circulating acute myelogenous
leukemia cells. Cancer Res. (2006) 66:11013-20. doi: 10.1158/0008-5472.CAN-06-2006

15. Aladle D, Ghannam MA, El-Ashwah S, Ghobrial FEI, Mortada MI. Association
of SDF-1 gene polymorphism with increased risk of acute myeloid leukemia patients.
Asian Pac J Cancer Prev. (2021) 22:1035-43. doi: 10.31557/APJCP.2021.22.4.1035

16. DuW,LuC, ZhuX, HuD, Chen X, LiJ, et al. Prognostic significance of CXCR4 expression
in acute myeloid leukemia. Cancer Med. (2019) 8:6595-603. doi: 10.1002/cam4.v8.15

17. Su L, Hu Z, Yang YG. Role of CXCR4 in the progression and therapy of acute
leukaemia. Cell Prolif. (2021) 54:¢13076. doi: 10.1111/cpr.13076

18. Kim HY, Oh YS, Song IC, Kim SW, Lee HJ, Yun HJ, et al. Endogenous stromal
cell-derived factor-1 (CXCL12) supports autonomous growth of acute myeloid
leukemia cells. Leuk Res. (2013) 37:566-72. doi: 10.1016/j.Jeukres.2013.01.016

19. Cun Y, Diao B, Zhang Z, Wang G, Yu J, Ma L, et al. Role of the stromal cell
derived factor-1 in the biological functions of endothelial progenitor cells and its
underlying mechanisms. Exp Ther Med. (2021) 21:39. doi: 10.3892/etm.2020.9471

20. Kong L, Guo S, Liu C, Zhao Y, Feng C, Liu Y, et al. Overexpression of SDF-1
activates the NF-kappaB pathway to induce epithelial to mesenchymal transition and
cancer stem cell-like phenotypes of breast cancer cells. Int ] Oncol. (2016) 48:1085-94.
doi: 10.3892/ij0.2016.3343

21. Zeng Z, Shi YX, Samudio IJ, Wang RY, Ling X, Frolova O, et al. Targeting the
leukemia microenvironment by CXCR4 inhibition overcomes resistance to kinase
inhibitors and chemotherapy in AML. Blood. (2009) 113:6215-24. doi: 10.1182/blood-
2008-05-158311

22. Skelding KA, Barry DL, Theron DZ, Lincz LF. Bone marrow microenvironment
as a source of new drug targets for the treatment of acute myeloid leukaemia. Int ] Mol
Sci. (2022) 24:563. doi: 10.3390/ijms24010563

Frontiers in Oncology

09

10.3389/fonc.2024.1521179

23. YuJ,Li M, Qu Z, Yan D, Li D, Ruan Q. SDF-1/CXCR4-mediated migration of
transplanted bone marrow stromal cells toward areas of heart myocardial infarction
through activation of PI3K/Akt. J Cardiovasc Pharmacol. (2010) 55:496-505.
doi: 10.1097/FJC.0b013e3181d7a384

24. Song Z-Y, Wang F, Cui S-X, Qu X-J. Knockdown of CXCR4 inhibits CXCL12-
induced angiogenesis in HUVECs through downregulation of the MAPK/ERK and
PI3K/AKT and the Wnt/B-catenin pathways. Cancer Invest. (2018) 36:10-8.
doi: 10.1080/07357907.2017.1422512

25. Du H, Gao L, Luan J, Zhang H, Xiao T. CXC chemokine receptor 4 in diffuse
large B cell lymphoma: achievements and challenges. Acta Haematol. (2019) 142:64-70.
doi: 10.1159/000497430

26. Xiang Y, Li Y, Yang L, He Y, Jia D, Hu X. miR-142-5p as a CXCR4-targeted
microRNA attenuates SDF-1-induced chondrocyte apoptosis and cartilage degradation
via inactivating MAPK signaling pathway. Biochem Res Int. (2020) 2020:4508108.
doi: 10.1155/2020/4508108

27. Cortes JE, Mehta P. Determination of fitness and therapeutic options in older
patients with acute myeloid leukemia. Am J Hematol. (2021) 96:493-507. doi: 10.1002/
2jh.26079

28. Paras G, Othus M, Schonhoff K, Shaw C, Sorror M, Halpern AB, et al. Effect of
ECOG performance status on outcomes in patients with acute myeloid leukemia and
other high-grade myeloid neoplasms. Leukemia. (2023) 37:231-4. doi: 10.1038/s41375-
022-01745-4

29. Canaani J, Beohou E, Labopin M, Socie G, Huynh A, Volin L, et al. Impact of
FAB classification on predicting outcome in acute myeloid leukemia, not otherwise
specified, patients undergoing allogeneic stem cell transplantation in CR1: An analysis
of 1690 patients from the acute leukemia working party of EBMT. Am ] Hematol.
(2017) 92:344-50. doi: 10.1002/ajh.24640

30. Kang H, Watkins G, Parr C, Douglas-Jones A, Mansel RE, Jiang WG. Stromal
cell derived factor-1: its influence on invasiveness and migration of breast cancer cells
in vitro, and its association with prognosis and survival in human breast cancer. Breast
Cancer Res. (2005) 7:R402-410. doi: 10.1186/bcr1022

31. Chen YH, Lu HI, Wang YM, Lo CM, Chou SY, Li SH. SDF-1alpha predicts poor
prognosis in patients with locally advanced esophageal squamous cell carcinoma
receiving definitive concurrent chemoradiotherapy. BioMed J. (2022) 45:522-32.
doi: 10.1016/j.bj.2021.05.004

32. Spoo AC, LiiBbert M, Wierda WG, Burger JA. CXCR4 is a prognostic marker in
acute myelogenous leukemia. Blood. (2007) 109:786-91. doi: 10.1182/blood-2006-05-
024844

frontiersin.org


https://doi.org/10.1093/carcin/bgn045
https://doi.org/10.2967/jnumed.116.186874
https://doi.org/10.1007/s00223-017-0245-8
https://doi.org/10.1158/0008-5472.CAN-06-2006
https://doi.org/10.31557/APJCP.2021.22.4.1035
https://doi.org/10.1002/cam4.v8.15
https://doi.org/10.1111/cpr.13076
https://doi.org/10.1016/j.leukres.2013.01.016
https://doi.org/10.3892/etm.2020.9471
https://doi.org/10.3892/ijo.2016.3343
https://doi.org/10.1182/blood-2008-05-158311
https://doi.org/10.1182/blood-2008-05-158311
https://doi.org/10.3390/ijms24010563
https://doi.org/10.1097/FJC.0b013e3181d7a384
https://doi.org/10.1080/07357907.2017.1422512
https://doi.org/10.1159/000497430
https://doi.org/10.1155/2020/4508108
https://doi.org/10.1002/ajh.26079
https://doi.org/10.1002/ajh.26079
https://doi.org/10.1038/s41375-022-01745-4
https://doi.org/10.1038/s41375-022-01745-4
https://doi.org/10.1002/ajh.24640
https://doi.org/10.1186/bcr1022
https://doi.org/10.1016/j.bj.2021.05.004
https://doi.org/10.1182/blood-2006-05-024844
https://doi.org/10.1182/blood-2006-05-024844
https://doi.org/10.3389/fonc.2024.1521179
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Serum stromal cell-derived factor 1α as a prognostic indicator in elderly patients with acute myeloid leukemia receiving CAG-based chemotherapy
	Introduction
	Methods
	Study design and patient selection
	Clinical and laboratory assessments
	Chemotherapy regimen
	Response evaluation
	Statistical analysis

	Results
	Elevated serum SDF-1α in elderly with AML
	Factors influencing chemosensitivity in elderly AML patients
	Prognostic role of serum SDF-1α in AML chemosensitivity
	Independent risk factors for chemotherapy response in elderly AML
	Serum SDF-1α response to chemotherapy in elderly AML patients
	Baseline serum SDF-1α and long-term survival in elderly AML patients

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


