Infection and Drug Resistance Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Association of Serum AXL and Gasé Levels with
Clinical Outcomes in Non-Hodgkin Lymphoma
Patients with Post-Chemotherapy Infection

Lihua Wang', Yuan Zhang', Yan Guo', Man Yang', Youmei Zi', Xiankai Liu', Guogqing Lv', Yan Huang"2

'Department of Hematology, The First Affiliated Hospital of Henan Medical University, Weihui, Henan, 453100, People’s Republic of China; 2Xinxiang
Key Laboratory of Molecular Diagnosis and Treatment of Lymphoma, Xinxiang, Henan, 453000, People’s Republic of China

Correspondence: Yan Huang, Department of Hematology, The First Affiliated Hospital of Henan Medical University, 88 Jiankang Road, Weihui, Henan,
453100, People’s Republic of China, Email 17991966@qq.com

Purpose: To investigate the association between serum AXL, growth arrest-specific protein 6 (Gas6) levels, pathogen distribution,
and prognosis in non-Hodgkin lymphoma (NHL) patients with post-chemotherapy infection.

Patients and Methods: This single-center observational cohort study included 102 NHL patients with post-chemotherapy infection.
Infection sites, pathogens, and serum levels of AXL, Gas6, and procalcitonin (PCT) were assessed. All patients were followed for
one year from infection diagnosis and divided into survival (n=79) and death (n=23) groups. Baseline characteristics, pathogen
detection, and serum markers were compared between groups. Cox regression analysis was used to identify prognostic factors, and
receiver operating characteristic curve analysis was performed to evaluate the predictive value of serum AXL and Gas6 levels.
Results: Among 102 patients, the most common infection site was the respiratory tract (58.82%). Of 108 isolated pathogens, Gram-
positive bacteria accounted for 55.56%. Compared with the survival group, the death group had significantly higher proportions of
elevated lactate dehydrogenase, International Prognostic Index (IPI) score > 2, chemotherapy cycles > 3, and B symptoms (all P <
0.05). Serum levels of AXL, Gas6, and PCT were also significantly higher in the death group (all P < 0.05). Multivariable Cox
regression analysis identified B symptoms and elevated AXL and Gas6 as independent risk factors for poor prognosis (P < 0.05). ROC
curve analysis showed that AXL and Gas6 had robust prognostic value, with sensitivities of 91.3% and 69.6%, specificities of 64.6%
and 79.7%, and area under the curve (AUC) values of 0.829 and 0.820, respectively.

Conclusion: In this exploratory study, elevated serum AXL and Gas6 levels were associated with poor outcomes in NHL patients
with post-chemotherapy infection, suggesting their potential as prognostic markers.
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Introduction
Non-Hodgkin lymphoma (NHL) comprises a highly heterogeneous group of malignant tumors of the lymphohemato-
poietic system, and its incidence has steadily increased in recent years." Owing to immune dysfunction caused by the
malignancy itself, together with myelosuppression and mucosal barrier injury induced by intensive chemotherapy,
patients with NHL are particularly susceptible to infectious complications.>* Post-chemotherapy infections are common
and clinically significant.* These infections interrupt or delay antitumor treatment, compromising therapeutic efficacy.
Moreover, they are a major cause of sepsis, multiple organ failure, and death, ultimately impairing long-term survival.’
Given this high infection burden, understanding the microbiological profile of infection in NHL patients is essential for
timely and effective management. Current evidence suggests that bacterial infections predominate after chemotherapy in
patients with NHL, with both Gram-positive and Gram-negative organisms contributing substantially; however, the distribu-
tion of specific pathogens and their antimicrobial resistance profiles varies across regions, institutions, and patient

populations.®’ In addition, the increasing detection of fungal infections and multidrug-resistant organisms has made empirical

https://doi.org/10.2147/IDR.S595522 Infection and Drug Resistance 2026:19 595522 |
Received: 18 January 2026 © 2026 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Accepted: 12 May 2026 AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the

Published: 25 May 2026 work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al

anti-infective treatment more challenging.™® Therefore, continuous surveillance of pathogen epidemiology in NHL patients
within specific medical settings is necessary to optimize empirical antimicrobial strategies and improve clinical outcomes.

While defining the pathogen spectrum is important, microbiological data alone are often insufficient for early risk
stratification, because culture results may be delayed, and clinical deterioration can occur rapidly in immunocompro-
mised patients. Accordingly, there is a pressing need to identify circulating biomarkers that can sensitively reflect
infection severity, inflammatory dysregulation, and prognosis at an early stage. In NHL patients, established prognostic
factors such as the International Prognostic Index (IPI), lactate dehydrogenase (LDH), and B symptoms are well
validated for tumor outcomes,'® but their ability to predict infection-specific prognosis is limited. Integrating these
clinical parameters with novel biomarkers may improve risk stratification in infected patients. In recent years, AXL,
a receptor tyrosine kinase of the TAM family, and its high-affinity ligand, growth arrest-specific protein 6 (Gas6), have
attracted increasing attention as potential indicators of systemic inflammation and adverse outcomes.''"'* More impor-
tantly, accumulating evidence suggests that the AXL/Gas6 axis is mechanistically linked to infection biology rather than
simply representing a nonspecific inflammatory signal.

Mechanistically, the AXL/Gas6 axis participates in multiple processes relevant to infection. By recognizing phos-
phatidylserine-containing membranes, it modulates host—pathogen interactions, facilitates apoptotic body clearance, and
in some circumstances promotes the entry of enveloped pathogens through apoptotic mimicry.'> AXL activation also
restrains innate immune signaling through suppressor of cytokine signaling proteins and inhibition of Toll-like receptor
and NF-«B, thereby limiting excessive inflammation but potentially impairing pathogen elimination.'® In parallel, AXL/
Gas6 regulates efferocytosis, endothelial integrity, and tissue repair, all of which are closely involved in the pathophy-
siology of severe infection and sepsis.'” Thus, AXL/Gas6 may serve as a marker not only of inflammation, but also of the
interaction among immune suppression, infection progression, and host tissue injury. This is particularly relevant in NHL
patients receiving chemotherapy, who often experience profound immune dysregulation and are highly vulnerable to
infection. Meanwhile, AXL/Gas6 has also been implicated in lymphoma-related immune modulation and tumor
progression.'®2° These features suggest that AXL/Gas6 may have dual clinical relevance in this setting, serving both
as molecules involved in the immunosuppressive tumor microenvironment and as potential biomarkers of infection-
related severity and prognosis.

Nevertheless, the scientific significance of AXL and Gas6 in post-chemotherapy infection among NHL patients remains
unclear. Current studies have mainly focused on solid tumors, sepsis, and general inflammatory conditions, whereas evidence
in hematologic malignancies is still scarce. In particular, it is unknown whether serum AXL and Gas6 are altered after
infection in NHL patients receiving chemotherapy, whether these changes are associated with short-term prognosis, and
whether they offer additional risk stratification value beyond conventional inflammatory markers. Clarifying these issues is
essential for determining the clinical utility of AXL/Gas6 as infection-related biomarkers in this high-risk population.
Methodologically, prognostic analyses in small cohorts are prone to overfitting. Thus, we adopted an exploratory approach
that acknowledges sample size limitations and avoids overinterpretation of predictive performance.

Based on the above considerations, we hypothesized that serum AXL and Gas6 levels are significantly associated
with infection severity and poor prognosis in NHL patients following chemotherapy, and that their dysregulation may
reflect the combined effects of infection-driven inflammation and chemotherapy-related immune impairment. Therefore,
the present study was designed to investigate pathogen distribution in NHL patients with post-chemotherapy infection at
our center and to further evaluate the relationship between serum AXL and Gas6 levels and patient survival outcomes.
Therefore, this study aimed to characterize infection sites and pathogen distribution and to evaluate the prognostic value
of serum AXL and Gas6 levels in NHL patients with post-chemotherapy infection.

Methodology

Study Design and Participants

This was a single-center, observational cohort study. Only the first infection episode per patient was analyzed to avoid
within-patient clustering effects. A total of 102 consecutive patients with non-Hodgkin lymphoma (NHL) who developed
post-chemotherapy infections at the First Affiliated Hospital of Henan Medical University between July 2022 and
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October 2024 were enrolled. Inclusion criteria were as follows: (1) meeting the diagnostic criteria for NHL according to
the Chinese Guidelines for Lymphoma Treatment (2022 Edition);*' (2) age >18 years; (3) receiving at least one cycle of
systemic chemotherapy; and (4) confirmed diagnosis of infection during or after chemotherapy based on the Diagnostic
Criteria for Nosocomial Infections.”? Exclusion criteria were as follows: (1) comorbid Hodgkin lymphoma or other
malignancies; (2) presence of active infection before chemotherapy; and (3) incomplete clinical or follow-up data. This
study was approved by the Ethics Committee of the First Affiliated Hospital of Henan Medical University (No. EC-022-
135), and written informed consent was obtained from all patients.

Data Collection and Pathogen Detection
Demographic characteristics (age, sex), disease characteristics (pathological type, clinical stage, B symptoms), treatment

information (chemotherapy cycles), and IPIscores™

were collected from the electronic medical record system. We
collected specimens from infection sites (sputum, blood, urine, secretions) under sterile conditions, inoculated them
onto appropriate culture media, and incubated them at 35°C for 24-48 hours. Suspected colonies were identified using

the VITEK 2 COMPACT automated system (bioMérieux, France).

Blood Sampling and Serum Storage

Fasting venous blood was collected within 1-6 hours after the diagnosis of infection and before antibiotic administration.
A single measurement was performed for each patient. After collection, blood samples were immediately sent to the
hospital laboratory. An aliquot was used for routine testing, and the remaining blood was centrifuged at 3500 rpm (radius
10 cm) for 10 minutes to separate serum. The serum was then stored at —80°C until analysis of AXL and Gas6 levels.

Serological Marker Measurement

Serum procalcitonin (PCT) levels were measured by chemiluminescence immunoassay. Serum AXL levels were
measured using enzyme-linked immunosorbent assay (ELISA) kits (Jianglai Bio, Shanghai, China) according to the
manufacturer’s instructions. The AXL ELISA kit (JL17046) had a detection range of 0.312-20 ng/mL, a sensitivity of
0.16 ng/mL, and intra- and inter-assay coefficients of variation (CVs) both <10%. Serum Gas6 levels were measured
using enzyme-linked immunosorbent assay (ELISA) kits (Huamei Bio, Wuhan, China) according to the manufacturer’s
instructions. The Gas6 ELISA kit (CSB-EL009270HU) had a detection range of 0.78—50 ng/mL, sensitivity of 0.19 ng/
mL, and intra- and inter-assay CVs both <10%. Elevated LDH was defined as >250 U/L,** consistent with the upper limit
of normal in our laboratory.

Follow-Up and Prognostic Grouping

All patients were followed for 1 year from the date of infection diagnosis through outpatient visits and telephone calls.
Patients were divided into a survival group (n=79) and a death group (n=23) based on outcomes at the end of follow-up.
For patients who died within the 1-year follow-up period, survival time was defined as the interval from the date of first
infection to death, measured in weeks. For patients who survived, survival time was censored at 52 weeks.

Data Analysis

Data analysis was performed using SPSS 25.0 software. The normality of continuous variables, including age, AXL (ng/
mL), Gas6 (ng/mL), and PCT (ng/mL), was assessed using the Kolmogorov—Smirnov test (or Shapiro—Wilk test for
smaller sample sizes). Normally distributed continuous data are expressed as mean + standard deviation (X & s), and
comparisons between two groups were performed using an independent samples #-test. Categorical data are expressed as
numbers (percentages) [n (%)], and group comparisons were conducted using the y*-test or Fisher’s exact test, as
appropriate. Univariable Cox proportional hazards regression analysis was performed to screen potential prognostic
variables associated with overall survival. Variables with P < 0.05 in univariable analysis were entered into a forward
stepwise multivariable Cox proportional hazards regression model, with entry and removal criteria set at o. = 0.05 and o =
0.10, respectively. The proportional hazards assumption was assessed using Schoenfeld residuals. Hazard ratios (HRs)
and 95% confidence intervals (CIs) were reported. Due to the limited number of death events, the events-per-variable
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ratio was calculated, and internal validation was performed using 1000 bootstrap resamples to obtain bias-corrected HRs
and C-indices. Receiver operating characteristic curve analysis was used to evaluate the prognostic performance of serum
AXL and Gas6 levels. A two-tailed P < 0.05 was considered statistically significant.

Results

Distribution of Infection Sites and Pathogens

Among the 102 infected patients, the respiratory tract was the most common site of infection, accounting for 60 cases
(58.82%), followed by the gastrointestinal tract in 13 cases (12.75%), urinary tract in 12 cases (11.76%), skin and
mucous membranes in 12 cases (11.76%), and other sites in 5 cases (4.90%). A total of 108 pathogenic strains were
isolated, including 60 Gram-positive bacteria (55.56%), 39 Gram-negative bacteria (36.11%), and 9 fungi (8.33%). The
detection rates of Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, and
Enterococcus faecalis were significantly higher in the death group compared with the survival group (P < 0.05). There
were no significant differences in the detection rates of Pseudomonas aeruginosa or fungi between the two groups (P >
0.05). Details are shown in Table 1.

Comparison of Clinical Characteristics and Serological Markers Between Prognostic
Groups

The proportions of patients with elevated serum LDH, IPI score > 2, chemotherapy cycles > 3, and the presence of
B symptoms were significantly higher in the death group than in the survival group (P < 0.05). There were no statistically
significant differences between the two groups in terms of gender, age, pathological type, or tumor stage (P > 0.05).
Regarding serological markers, serum levels of AXL, Gas6, and PCT were significantly higher in the death group than in
the survival group (P < 0.05). Details are shown in Table 2.

Cox Regression Analysis of Factors Influencing Prognosis in NHL Patients

Univariable Cox regression analysis showed that pathological type, B symptoms, AXL levels, and Gas6 levels were
significantly associated with overall survival, whereas sex, age, serum LDH, IPI score, chemotherapy cycles, and PCT
were not significantly associated with overall survival. Among these factors, AXL levels exhibited the strongest
prognostic significance, with an HR of 13.425 (95% CI: 3.980—45.280, P < 0.001). In contrast, sex, age, LDH, IPI

Table | Comparison of Major Pathogen Detection Rates Between the Death and Survival Groups in
NHL Patients with Post-Chemotherapy Infection [n(%)]

Pathogen Death Group (n=23) Survival Group (n=79) 2Zvalue P value
Gram-negative Bacteria
Overall 14 (60.87) 25 (15.19) 6.442 0.011
Klebsiella pneumoniae 8 (34.78) 12 (17.72) 4338 0.037
Escherichia coli 7 (30.43) 9 (11.39) 4.884 0.027
Pseudomonas aeruginosa 3 (34.78) 3 (8.86) 2.751 0.097
Gram-positive Bacteria
Overall 20 (86.96) 40 (50.63) 9.704 0.002
Staphylococcus aureus 14 (60.87) 20 (25.32) 10.133 0.001
Staphylococcus epidermidis 10 (43.48) 14 (17.72) 6.568 0.010
Enterococcus faecalis 6 (26.09) 6 (7.59) 5.868 0.015
Fungi
Overall 2 (8.70) 7 (8.97) 0.002 0.967
Candida albicans I (4.35) 4 (5.06) 0.020 0.889
Aspergillus I (4.35) 3 (3.80) 0.014 0.905
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Table 2 Comparison of Clinical Characteristics and Serum Biomarkers Between the Death and
Survival Groups in NHL Patients with Post-Chemotherapy Infection

Clinical Indicator Death Group (n=23) | Survival Group (n=79) | x*/t value | P value
Gender 0.133 0.715
Male 13 (56.52) 48 (60.76)
Female 10 (43.48) 31 (39.24)
Age (years, X £ s) 57.87+5.94 55.29+7.60 1.497 0.138
NHL pathological types 0.002 0.961
B-NHL 20 (86.96) 69 (87.34)
T-NHL 3 (13.04) 10 (12.66)
NHL staging 0.029 0.866
I~Il 8 (34.78) 29 (36.71)
Ni~1v I5 (65.22) 50 (63.29)
Serum LDH 6.038 0.014
Normal 7 (30.43) 47 (59.49)
Elevated 16 (69.57) 32 (40.51)
IPI scores 4.104 0.043
<2 7 (30.43) 43 (54.43)
22 16 (69.57) 36 (45.57)
Chemotherapy Cycles 10.761 0.001
<3 8 (34.78) 57 (72.15)
23 15 (65.22) 22 (27.85)
B Symptoms 6.032 0.014
Yes 18 (78.26) 39 (49.37)
No 5(21.74) 40 (50.63)
AXL (ng/mL) 4.89610.651 3.862+0.805 5.639 <0.001
Gasé (ng/mL) 23.774+3.566 19.019+3.755 5.403 <0.001
PCT (ng/mL) 4.458+0.798 3.737+0.829 3.703 <0.001

score, and chemotherapy cycles showed no significant correlation with overall survival (all P > 0.05). Variables with P <
0.05 (pathological type, B symptoms, AXL, and Gas6 levels) were included in the subsequent multivariate analysis
(Table 3). The specific coding of categorical variables is shown in Supplementary Table 1. Subsequently, a multivariable

Cox regression analysis was conducted. The overall model was statistically significant (> = 46.600, P < 0.001). Three
variables were retained in the final model: AXL, Gas6, and B symptoms. After adjusting for confounding factors, AXL
(HR =5.750, 95% CI: 2.300-14.390, P < 0.001), Gas6 (HR =1.227, 95% CI: 1.082-1.390, P < 0.001), and B symptoms
(HR = 5.537, 95% CI: 1.108-27.662, P < 0.05) remained independent prognostic factors. These results confirm that
elevated AXL and Gas6 levels, as well as the presence of B symptoms, are independently associated with poor prognosis
in NHL patients with post-chemotherapy infection (Table 4). Stepwise Regression Model Fitting Process is shown in
Supplementary Table 2.

The analysis was performed using 1000 bootstrap resamples to obtain bias-corrected hazard ratios (HRs) and
C-indices. The bias-corrected C-index after bootstrap resampling was 0.74 (95% CI: 0.65-0.82). The bias-corrected
HRs and 95% confidence intervals (Cls) for each variable were as follows: B symptoms: HR = 4.21 (95% CI:
0.85-19.76); AXL: HR = 5.02 (95% CI: 1.89-13.28); Gas6: HR = 1.20 (95% CI: 1.03-1.39).

ROC curve analysis demonstrated that serum AXL and Gas6 had prognostic value for 1-year mortality (Figure 1).
The optimal cutoff value for AXL was 4.045 ng/mL, yielding a sensitivity of 91.3%, a specificity of 64.6%, and an AUC
0f 0.829 (95% CI: 0.747-0.910, P < 0.001). For Gas6, the optimal cutoff was 22.425 ng/mL, with a sensitivity of 69.6%,
a specificity of 79.7%, and an AUC of 0.820 (95% CI: 0.725-0.915, P < 0.001).
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Table 3 Univariable Cox Regression Analysis of Prognostic Factors in NHL
Patients with Post-Chemotherapy Infection

Variable B SE | Wald P HR 95% CI

Sex —0.663 | 0.579 | 1.308 | 0.253 0515 0.166—1.605
Age 0.069 0.04 | 2968 | 0.085 1.071 0.991-1.158
Pathological Type —2.028 | 0.84 | 55822 | 0.0l6 0.132 | 0.025-0.683
Serum LDH —1.264 | 0.689 | 3.365 | 0.067 0.282 | 0.073-1.090
IPI Score —0.88 | 0.552 | 2.538 | O.111 0.415 0.141-1.225
Chemotherapy Cycles | —1.189 | 0.615 | 0.094 | 0.759 0.828 | 0.248-2.765
B Symptoms 2513 | 0954 | 6935 | 0.008 | 12.338 | 1.901-80.058
AXL (ng/mL) 2.597 0.62 17.53 | <0.001 | 13.425 | 3.980-45.280
Gasé (ng/mL) 0.234 | 0.081 | 8396 | 0.004 1.264 1.079-1.480
PCT (ng/mL) 0.382 | 0.281 | 1.843 | 0.175 |.465 0.844-2.544

Table 4 Multivariable Cox Regression Analysis of Independent
Prognostic Factors in NHL Patients with Post-Chemotherapy Infection

Variable B SE Wald > | P HR 95% CI

B Symptoms | 1.711 | 0.821 | 4.349 0.037 5.537 | 1.108-27.662
Gasé 0.204 | 0.064 | 10.232 0.001 1.227 | 1.082-1.390
AXL 1.75 0.468 | 13.993 <0.001 | 5.754 | 2.300-14.395

Discussion

Chemotherapy remains the cornerstone of systemic treatment for non-Hodgkin lymphoma (NHL). However, treatment-
related immunosuppression significantly increases the risk of opportunistic infections, leading to treatment interruptions,
increased complications, and worsened prognosis.>> Therefore, investigating the pathogen characteristics and their
association with prognosis in NHL patients with post-chemotherapy infections is essential for optimizing clinical
management strategies. This study confirmed the prognostic impact of clinicopathological factors and revealed the

potential value of serum AXL and Gas6 as prognostic biomarkers in such patients.

Sensitivity

mmm AXL(Ng/mL)
(AUC=0.829, 95% CI: 0.747-0.910)

L s = Gas6 (ng/mL)
R (AUC=0.820, 95%Cl:0.725-0.915)
L, - - - baseline
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure | ROC curve of serum AXL and Gasé levels for predicting patient prognosis. ROC curves of AXL: AUC 0.829 (95% CI: 0.747-0.910), cutoff 4.045 ng/mL, sensitivity
91.3%, specificity 64.6%. ROC curves of Gasé: AUC 0.820 (95% Cl: 0.725-0.915), cutoff 22.425 ng/mL, sensitivity 69.6%, specificity 79.7%.
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Pathogenic Characteristics of Infections

In this study, the respiratory tract was the most common site of infection in NHL patients after chemotherapy (58.82%),
consistent with most reports.”®*’ This is mainly attributed to chemotherapy-induced mucosal barrier damage, granulo-
cyte deficiency, and underlying pulmonary diseases. Gram-positive bacteria (55.56%) were predominant, with
Staphylococcus aureus and Staphylococcus epidermidis being the most common. This is likely related to central venous
catheter placement, disruption of skin and mucosal barriers, and exposure to the hospital environment.”® Gram-negative
bacteria (36.11%), particularly Klebsiella pneumoniae and Escherichia coli, are frequently associated with severe
bloodstream infections and sepsis, presenting greater treatment challenges.”” In univariate analysis, positivity for specific
pathogens, including pneumonia-associated pathogens, was more frequent among fatal cases, suggesting that severe
infection contributes to poor outcomes.

Heterogeneity of Lymphoma and Infection-Related Mortality

Non-Hodgkin lymphoma encompasses a diverse group of subtypes with distinct biological behaviors, treatment
responses, and infectious risk profiles. For instance, aggressive subtypes such as diffuse large B-cell lymphoma
(DLBCL) and peripheral T-cell lymphomas are associated with more profound immunosuppression from intensive
chemotherapy regimens, whereas indolent lymphomas like follicular lymphoma may have a lower infection burden
but still face increased risk after rituximab-based therapies.>* The absence of subtype-specific analyses in the present
study limits our ability to determine whether the prognostic value of AXL and Gas6 varies across different NHL entities.
Moreover, infection-related mortality in NHL patients is multifactorial: direct septic complications, chemotherapy delay
or dose reduction due to infection, and the interplay between systemic inflammation and lymphoma progression all
contribute to poor outcomes.>' In our cohort, fatal cases exhibited higher rates of pneumonia and bloodstream infections,
but we could not disentangle the relative contributions of infection severity versus underlying lymphoma refractoriness.
Future studies with larger sample sizes and predefined subtype stratification are needed to address these complexities.

Multidimensional Analysis of Prognostic Factors
Multivariable Cox regression analysis, after adjustment for confounding factors, identified B symptoms and elevated
serum levels of AXL and Gas6 as independent risk factors for poor prognosis in NHL patients with post-chemotherapy
infections. However, several statistical limitations must be acknowledged. With only 23 death events and an events-per-
variable (EPV) ratio of 7.67 in the full Cox model, the risk of model instability and overfitting is substantial, even with
stepwise selection to restrict the number of predictors.®? Additionally, collinearity among the variables further compro-
mises the stability of the effect estimate for B symptoms. Therefore, the identified risk factors, including AXL and Gaso6,
should be interpreted as exploratory rather than definitive, and their effect sizes may be overly optimistic. Future studies
with larger sample sizes, along with LASSO regularization or external validation, are needed to confirm these findings.
Beyond statistical considerations, tumor invasiveness remains a key prognostic determinant. Univariate analysis
showed that elevated serum LDH, a high IPI score (= 2), and the presence of B symptoms were associated with poor
prognosis, reflecting higher tumor burden and biological aggressiveness. Although LDH and IPI score did not retain
independent significance in multivariate analysis (possibly due to overlap with factors such as AXL and Gas6 or limited
sample size), B symptoms emerged as an independent prognostic factor. B symptoms (fever, night sweats, weight loss)
not only indicate tumor activity but may also reflect systemic inflammation, which could exacerbate the hyperinflamma-

tory state following infection and contribute to a worse prognosis.***

Prognostic Value of Novel Serum Markers AXL and Gasé in the Context of Existing

Literature

A key finding of this study is that elevated serum levels of AXL and Gas6 are strong independent predictors for poor
prognosis. These results should be placed within the broader landscape of prognostic models for lymphoma. AXL and
Gas6, components of the TAM receptor tyrosine kinase pathway, have emerged as regulators of tumor immunity,
inflammation, and apoptosis. AXL has been reported to be abnormally overexpressed in various human malignancies
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and is closely associated with systemic inflammatory responses.>” In patients with NHL who develop infections after
chemotherapy, elevated AXL levels may reflect an excessive inflammatory response, which can lead to widespread
tissue injury and ultimately contribute to organ dysfunction and increased mortality. Gas6, a ligand of the TAM
receptor family, plays a crucial role in the regulation of inflammation, immune homeostasis, and coagulation. Increased
serum Gas6 levels may represent a compensatory mechanism aimed at suppressing excessive inflammation; however,
persistently elevated levels may also indicate an immunosuppressive state or endothelial dysfunction, thereby con-
tributing to an unfavorable clinical outcome.*® The interaction between the AXL receptor and its ligand Gas6 has been
shown to inhibit apoptosis and promote tumor progression through activation of the AKT and NF-kB signaling
pathways.*”*® Therefore, the concurrent elevation of AXL and Gas6 may define a high-risk pathophysiological state
in infected patients, reflecting the coexistence of heightened inflammatory drive and dysregulated immune modulation,
which together contribute to poor prognosis. Our findings add to the growing evidence that TAM pathway components
could serve as complementary biomarkers to existing prognostic indices, particularly in the setting of post-
chemotherapy infections.

Study Limitations and Future Directions

This study has several limitations. First, it was a single-center retrospective study with a small sample and few outcome
events, resulting in a low EPV ratio in the Cox model. Although stepwise Cox regression limited the number of variables,
model instability and overfitting remain concerns. Second, AXL and Gas6 were measured only at infection diagnosis,
precluding assessment of their utility in guiding treatment response or monitoring dynamic changes during anti-infective
therapy. Third, non-Hodgkin lymphoma (NHL) is heterogeneous; the lack of subgroup analyses by pathological subtype
limits generalizability to specific NHL subtypes. Fourth, pathogen drug resistance data were not analyzed, which is
a notable shortcoming given the rising threat of multidrug-resistant organisms in immunocompromised hosts. As
emphasized by Koca and Eskazan, clinical prediction models require external validation across diverse populations
and should incorporate dynamic response markers and machine learning to refine risk stratification.** Although such
approaches were beyond our exploratory study, future prospective studies should evaluate serial AXL and Gas6
measurements alongside treatment response as dynamic biomarkers. Future multicenter, large-sample prospective studies
with adequate power are needed to validate the prognostic efficacy of AXL and Gas6, to explore the value of their serial
measurements in guiding anti-infective therapy and assessing treatment response.

Conclusion

The prognosis of NHL patients with post-chemotherapy infection is likely influenced by tumor burden, treatment-related
factors, and infection characteristics. In this exploratory analysis with a small sample size and limited outcome events,
higher serum AXL and Gas6 levels were associated with worse short-term prognosis. However, given the restricted
number of events and concerns about model stability, these findings do not support clinical risk stratification and should
be considered strictly hypothesis-generating. Further validation in larger, multicenter cohorts is required to assess their
robust prognostic value.

Abbreviations
NHL, non-Hodgkin lymphoma (NHL); Gas6, growth arrest-specific protein 6; PCT, procalcitonin; IPI, International
Prognostic Index (IPI).
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