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Preoperative splenic area as a prognostic G
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Abstract

Background The correlation between the preoperative splenic area measured on CT scans and the overall survival
(0S) of early-stage non-small cell lung cancer (NSCLC) patients remains unclear.

Methods A retrospective discovery cohort and validation cohort consisting of consecutive NSCLC patients who
underwent resection and preoperative CT scans were created. The patients were divided into two groups based on
the measurement of their preoperative splenic area: normal and abnormal. The Cox proportional hazard model was
used to analyse the correlation between splenic area and OS.

Results The discovery and validation cohorts included 2532 patients (1374 (54.27%) males; median (IQR) age 59
(52-66) years) and 608 patients (403 (66.28%) males; age 69 (62-76) years), respectively. Patients with a normal
splenic area had a 6% higher 5-year OS (n=727 (80%)) than patients with an abnormal splenic area (n=1805 (74%))
(p=0.007) in the discovery cohort. A similar result was obtained in the validation cohort. In the univariable analysis,
the OS hazard ratios (HRs) for the patients with abnormal splenic areas were 1.32 (95% confidence interval (Cl): 1.08,
1.61) in the discovery cohort and 1.59 (95% Cl: 1.01, 2.50) in the validation cohort. Multivariable analysis demonstrated
that abnormal splenic area was independent of shorter OS in the discovery (HR: 1.32, 95% Cl: 1.08, 1.63) and validation
cohorts (HR: 1.84,95% Cl: 1.12, 3.02).

Conclusion Preoperative CT measurements of the splenic area serve as a prognostic indicator for early-stage
NSCLC patients, offering a novel metric with potential implications for personalized therapeutic strategies in top-tier
oncology research.
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Background

Non-small cell lung cancer (NSCLC) remains the leading
cause of cancer-related deaths worldwide [1, 2]. Despite
surgery being the primary treatment for patients with
early-stage NSCLC [3], approximately 25-50% of NSCLC
patients experience local recurrence or death follow-
ing major surgery [4, 5]. Identifying prognostic markers
is crucial in the management of cancer, as they enable
stratification of patients for treatment by identifying
those with different outcome risks [6]. However, current
issues with prognostic markers, particularly in cancers
that exhibit tumor heterogeneity and patient response
variability, make it challenging to identify reliable mark-
ers [7]. Additionally, some prognostic markers lack suffi-
cient validation or have limited generalizability to diverse
patient populations [8]. Using several reported prognos-
tic markers in NSCLC patients may lead to increased
costs [9] or potential harm [10, 11]. Therefore, identifying
new, inexpensive, and noninvasive biomarkers is essential
for identifying individuals with a high mortality risk and
initiating early interventions to delay disease progression.

Recent studies have highlighted the important role of
the immune system in cancer development and treat-
ment, as evidenced by the ability of specific immune cells
to attack cancer cells and the effectiveness of immune-
boosting therapies [12, 13]. New diagnostic and prognos-
tic tools based on immune markers may guide treatment
decisions and improve lung cancer patient outcomes
[14]. The spleen, a unique organ in its cellular makeup
and physical structure, contains numerous immune cells,
including lymphocytes and macrophages, which are vital
components of the body’s immune system [15]. Recent
evidence suggests that splenomegaly, low preoperative
splenic density, and large splenic volume (SV) may have a
negative impact on the prognosis of patients with various
cancer types who have received immunotherapy [16-19].
However, the area of the spleen and its relationship with
the prognosis of patients with early-stage NSCLC have
not been studied.

In this study, we aimed to investigate the association
between the preoperative splenic area (splenic area) and
the outcome of early-stage NSCLC patients. We hypoth-
esized that the preoperative splenic area would be a prog-
nostic biomarker of early-stage NSCLC.

Methods

Ethics approval and informed consent

The retrospective study was approved by the ethical
council of the cancer hospital, and the requirement for
informed consent was waived as the study was retro-
spective. To ensure confidentiality, all patient data col-
lected from the survey were made anonymous. This
study adhered to the guidelines provided by STROBE
(Strengthening the Reporting of Observational Studies in
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Epidemiology) to ensure transparent and comprehensive
reporting of the study’s findings [20].

Patients

A total of 3172 patients were obtained through retro-
spective data collection and formed two cohorts: the dis-
covery and the validation cohorts.

The discovery cohort included all consecutive non-
small cell lung cancer patients who had undergone a
chest or abdomen CT scan preoperatively and radical
lung cancer resection in a comprehensive cancer cen-
ter from January 2012 to December 2018. Patients with
stage IV disease, splenectomy, lack of reliable CT scans,
poor CT image quality or no available survival data were
excluded. Poor image quality refers to the visual appear-
ance of an image that is below the expected or desired
level of clarity, sharpness, and overall visual fidelity.

After evaluating various databases based on factors
such as the size and diversity of the dataset, the quality
and completeness of the data, and the inclusion of com-
plete preoperative CT images with survival time and
status, we selected two relevant databases in the valida-
tion cohort. A total of 608 patients were obtained from
the TCIA database (https://wiki.cancerimagingarchive.
net) [21]. Patients with splenectomy, a lack of CT images,
or poor CT image quality were excluded. Finally, 633
NSCLC patients from two medical centers in the United
States (validation cohort A, n=211) [22] and NSCLC
patients who were treated at the MAASTRO Clinic (vali-
dation cohort B, n=422) were included [23]. Validation
cohort A was previously reported in the Journal of Bio-
chem Pharmacol, while data for validation cohort B were
referred to the Lungl dataset in the Journal of Nature
Communications [24, 25].

Calculation of the splenic area

All patients’ preoperative CT scans were examined. First,
using 3D Slicer (version 5.2.1) (https://www.slicer.org),
the radiologist manually segmented the spleen on the
slice that was located at the level of the splenic hilus on
unenhanced or enhanced CT imaging. Second, after seg-
mentation, the splenic area was measured (Supplemental
Fig. 1). One abdominal radiologist with 13 years of expe-
rience and another with 2 years of experience who were
blinded to the clinical data independently measured the
splenic area. When the correlation coefficient between
the measurements of these two radiologists was less
than 0.90, a third radiologist with more than 25 years of
experience measured the splenic area again, and the mea-
surement result was the final result. Otherwise, the final
result was the mean of the two measurements.


https://wiki.cancerimagingarchive.net
https://wiki.cancerimagingarchive.net
https://www.slicer.org
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Outcome

The primary outcome of this study was overall survival
(OS), which was calculated as the time from surgery to
death or the last follow-up. The data of patients who
died or were lost to follow-up were reviewed. All eligible
patients were followed up through electronic medical
records and telephone. The final date of follow-up was
October 13, 2022.

Covariates

The analysis included the following covariates: age, sex,
preoperative carcinoembryonic antigen (CEA) level (ng/
ml), smoking history (never smoker, current or former
smoker), tumor location, surgical approach (thoracos-
copy or thoracotomy), tumor differentiation, T stage (T1-
T4), N stage (NO-N3), pathology stage (I-III), histologic
type, pleural invasion, and adjuvant chemotherapy. These
covariates were included in the analysis as they were con-
sidered to potentially affect the outcome of interest, and
their incorporation was necessary to account for their
potential confounding effects.

Statistical analysis

Prior to conducting data analysis, we assessed the pre-
dictor variables in the cohorts for missing values. Any
data that were missing were excluded from the analysis
to ensure eligibility. For continuous variables with normal
distributions, we defined means and standard deviations
(SD) and performed independent two-sample t tests. For
categorical variables, we analysed the number and per-
centage of patients and used chi-square (x°) tests.

To relax the assumption of a linear relationship
between continuous predictors and death risks, we cat-
egorized the splenic area using restricted cubic splines
(RCS) [26]. Previous research has established links
between splenic size and volume and sex, age, and weight
[27]. We identified optimal cut-off values for men and
women separately based on the curve-fitting results. For
men, the cut-off value was the lowest point of the curve,
and the splenic area within the upper 25% and lower 75%
of the inflection points was classified as the abnormal
group, while the remainder was considered the normal
group. For women, the cut-off value was also the lowest
point of the curve, and the splenic area within the upper
67% and lower 33% of the inflection point was classified
as the abnormal group, while the remainder was consid-
ered the normal group (Supplement Table 1).

We calculated the 5-year OS using Kaplan-Meier
curves and compared the differences between the groups
using the log-rank test. Hazard ratios (HRs) with two-
sided 95% confidence intervals (CIs) were obtained for
each group using Cox proportional risk regression mod-
els. We used multivariate Cox proportional risk regres-
sion analysis to identify independent risk factors for
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death and select variables that may affect prognosis. We
used two models: model 1 adjusted for age, and model
2 further adjusted for smoking history, tumor location,
tumor differentiation, histologic stage, histologic type,
pleural invasion, and adjuvant chemotherapy. Subgroup
analysis was conducted after stratification by age, sex,
tumor site, surgical approach, pathology stage, histologic
type, pleural invasion, and adjuvant treatment to investi-
gate potential causes of heterogeneity. For missing value
processing in classification variables, we set them as
dummy variables. We used the R package “Forestplot” to
generate forest plots for subgroup stratification analysis.
Statistical significance was determined using a p value
of less than 0.05. Data processing and analysis were per-
formed using R software (version 4.2.1).

Results

Clinicopathologic characteristics

Discovery cohort

The preliminary analysis included 2532 patients in total.
Figure 1la shows the number of participants who were
evaluated for eligibility as well as the reasons for exclu-
sion. Normal (n=727) and abnormal (n=1805) patients
were studied, with 1374 (54.27%) males and 1158 (45.73%)
females. The mean (SD) age in the total population and
the normal and abnormal groups was 58.82 (9.56), 58.24
(9.33), and 59.05 (9.64), respectively. The median and
interquartile range (IQR) of the splenic area in the total
population and the normal and abnormal groups were
27.37 (22.03-33.74) cm?, 25.37 (20.76-30.83) cm® and
29.09 (23.43-35.70) cm® "Ptively, Thoracoscopic surgery
was performed in 1591 (62.84%) patients, and thoracot-
omy was performed in 837 (33.06%) patients. A total of
1216 (48.03%) patients received adjuvant chemotherapy.
The characteristics of the discovery cohort are shown in
Table 1.

Validation cohort

A total of 608 patients were involved in the study. Vali-
dation cohort A (NSCLC patients from two medical cen-
ters in the United States, n=211) and validation cohort
B (NSCLC patients treated at the MAASTRO Clinic,
n=422) were among them. The number of participants
who were assessed for eligibility and the reasons for
exclusion are depicted in Fig. 1b. Normal (n=169) and
abnormal (n=439) patients were included, with 205
(33.72%) males and 403 (66.28%) females. The mean (SD)
age in the total population and the normal and abnormal
groups was 68.12 (9.99), 68.29 (9.62), and 68.05 (10.14)
years, respectively. The median (IQR) of the splenic area
in the total population and the normal and abnormal
groups were 33.28 (26.78-425) cm?, 29.76 (23.65-35.12)
cm? and 35.51 (28.40-43.88) cm?, respectively. A total
of 41 (48.03%) patients received adjuvant chemotherapy.
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Table 1 Characteristics of the cohort at baseline in the discovery cohort

Variable Total (n=2532)" Splenic area P value?
Normal (n=727)’ Abnormal (n=1805)"
Age, years
Mean (SD) 58.82 (9.56) 58.24 (9.33) 59.05 (9.64) 0.05
Median (IQR) 59.00 (52.00,66.00) 57.00 (52.00,65.00) 59.00 (52.00,66.00) 0.04
Sex, n (%) <0.001
Female 1158 (45.73) 383 (52.68) 775 (42.94)
Male 1374 (54.27) 344 (47.32) 1030 (57.06)
Smoking history, n (%) 0.008
Never smoker 1476 (58.29) 457 (62.86) 1019 (56.45)
Current or former smoker 1022 (40.36) 259 (35.63) 763 (42.27)
Unknown 34(1.34) 11(1.51) 23(1.27)
Preoperative CEA, ng/mL
Mean (SD) 13.82 (156.60) 12.14 (85.85) 14.50 (177.35) 0.67
Median (IQR) 3.30(2.05,5.79) 3.11(2.04,5.70) 3.34(2.05,5.80) 0.23
Tumor location, n (%) 0.61
Upper lobe 1277 (50.43) 356 (48.97) 921 (51.02)
Non-upper lobe 1248 (49.29) 369 (50.76) 879 (48.70)
Unknown 7(0.28) 2(0.28) 5(0.28)
Surgical approach, n (%) 0.63
Thoracoscope 1591 (62.84) 457 (62.86) 1134 (62.83)
Thoracotomy 837 (33.06) 236 (32.46) 601 (33.30)
Unknown 104 (4.17) 34 (4.68) 70 (3.88)
Tumor differentiation, n (%) 0.045
Moderate-Well 288 (11.37) 69 (9.49) 219 (12.13)
Poor-undifferentiated 126 (4.98) 29 (3.99) 97 (5.37)
Other 2118 (83.65) 629 (86.52) 1489 (82.49)
T stage, n (%) 0.80
T 1089 (43.01) 305 (41.95) 784 (43.43)
T2 962 (37.99) 275 (37.83) 687 (38.06)
T3 293 (11.57) 93 (12.79) 200 ( 08)
T4 184 (7.27) 53(7.29) 1(7. 26)
Unknown 4(0.16) 1(0.14) ( 7)
N stage, n (%) 043
NO 1546 (61.06) 453 (62.31) 1093 (60.55)
N1 233(9.20) 68 (9.35) 65 (9.14)
N2-N3 350 (13.82) 104 (14.31) 246 (13.63)
Unknown 403 (15.92) 102 (14.03) 301 (16.68)
Histologic Stage, n (%) 0.15
I 1216 (54.63) 348 (53.95) 868 (54.90)
Il 410 (1842) 133 (20.62) 277 (17.52)
Il 526 (23.63) 151 (2341) 375(23.72)
Unknown 380 (15.01) 95 (13.07) 285 (15.79)
Histologic type, n (%) 0.71
Adenocarcinoma 1961 (77.45) 569 (78.27) 1392 (77.12)
Squamous cell carcinoma 454 (17.93) 128 (17.61) 326 (18.06)
Other 117 (4.62) 30 (4.13) 87 (4.82)
Pleural invasion, n (%) 0.66
Yes 425(16.79) 121 (16.64) 304 (16.84)
No 2064 (81.52) 591 (81.29) 1473 (81.61)
Unknown 43 (1.70) 15 (2.06) 28 (1.55)
Adjuvant chemotherapy, n (%) 0.76

Yes 1216 (48.03) 357 (49.11) 859 (47.59)
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Table 1 (continued)
Variable Total (n=2532)" Splenic area Pvalue?
Normal (n=727)" Abnormal (n=1805)"
No 1075 (42.46) 304 (41.82) 771 (42.71)
Unknown 241 (9.52) 66 (9.08) 175 (9.70)
Note:

' Data are median (IQR)/ Mean (SD) or n (%)

2p-value, using Wilcoxon Mann-Whitney test, chi-square test or exact Fisher test depending on whether the variable is continuous or categorical

a

Discovery cohort
Patients underwent curative surgical resection for
lung cancer from China (n =3172)

—»| Patients in stage IV at visit (n = 16) |
v
Patients included in the discovery group (n = 3156)

Patients with splenectomy (n = 5)
Lack of reliable CT-scan (n = 476)
Poor image quality of CT (n=81)
No available survival data (n = 62)

\4
[ Studies included for analysis (n = 2532) ‘

}
L .

Normal group
(n=727)

Abnormal group
(n=1805)

Validation cohort A
NSCLC patients from two
medical centers of the United

Validation cohort B
NSCLC patients that were treated
at MAASTRO Clinic (n = 422)

States (n=211)

—» Stage Mlaor M1b (n=15)

A

Patients included in the validation dataset (n = 628)

Patients with splenectomy (n =1)
Lack of CT image (n =4)
Poor image quality of CT(n = 15)

A 4
| Studies included for analysis (n = 608) ‘

I
. |

Normal group
(n=169)

Abnormal group
(n=439)

Fig. 1 Patient study follow chart. Discovery cohort (a); Validation cohort (b)

Supplemental Table 2 shows the characteristics of the
validation cohort.

Comparison of clinical characteristics of discovery and
validation cohorts

The discovery and validation cohorts differed signifi-
cantly in both demographic and pathological charac-
teristics (all p<0.05). Among them, the splenic area
(median (IQR)) in the validation cohort was significantly
larger than that in the discovery cohort of patients (33.28
(26.78-425) cm? vs. 27.37 (22.03-33.74) cm?, p<0.001)
(Supplement Table 3).

The relationship between the splenic area and 5-year OS
Discovery cohort

The cut-off values of the splenic area in the abnormal
group were 29.37 to 36.05 cm? for men and 25.50 to
33.85 cm? for women based on the curves (Supplement
Table 1). Supplemental Fig. 2a, b, and ¢ demonstrate the
U-shaped linear relationship between the unadjusted risk
ratio of death and splenic area in the total population and
the male and female subgroups, respectively. Figure 2a

shows the overall survival rates of the normal and abnor-
mal splenic area groups. The difference in 5-year OS
between patients with normal and abnormal splenic
areas was significantly different (80% (77%, 84%) vs. 74%
(71%, 76%); log-rank p=0.007). In univariate analysis,
the abnormal splenic area group in the total population
was associated with decreased OS (HR 1.32, 95% CI:
(1.08,1.61), p=0.007). Univariate analysis by sex obtained
the same result in males (HR 1.30, 95% CI: (1.01, 1.67),
p=0.045) but no significant difference in females (HR
1.18, 95% CI: (0.86, 1.63), p=0.31) (Table 2). The multi-
variate analysis results were consistent with the univari-
ate analysis, with the splenic area as a binary dependent
variable in the total population remaining an indepen-
dent poor prognostic factor for OS (model 1: HR: 1.29,
95% CI: (1.06,1.58), p=0.01; model 2: HR: 1.32, 95% CL:
(1.08,1.63), p=0.008) (Table 2).

Validation cohort

The cut-off values of the splenic area were 23.06 to 314
cm? for males and 26.12 to 33.86 cm? for females in the
abnormal group (Supplement Table 1). Supplemental
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Fig. 2 Survival analysis comparing patients in the normal group and patients in the abnormal group. Total population of the discovery cohort (a); total

population of the validation cohort (b)

Table 2 Univariate and multivariate-adjusted association of splenic area and overall survival in the discovery and validation cohort

Variable Univariate analysis Multivariate analysis (M1 )! Multivariate analysis (M2)?2
HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) Pvalue

Discovery cohort
All patients

Normal Ref Ref Ref

Abnormal 1.32(1.08,1.61) 0.007 1.29(1.06,1.58) 0.01 1.32(1.08,1.63) 0.008
Male

Normal Ref Ref Ref

Abnormal 1.30(1.01,1.67) 0.045 1.29(1.00,1.67) 0.048 1.47(1.13,1.93) 0.004
Female

Normal Ref Ref Ref

Abnormal 1.18(0.86,1.63) 0.31 1.17(0.85,1.61) 035 1.07(0.77,1.50) 0.69
Validation cohort
All patients

Normal Ref Ref Ref

Abnormal 1.59(1.01,2.50) 0.045 1.79(1.12,2.86) 0.02 1.84(1.12,3.02) 0.02
Male

Normal Ref Ref Ref

Abnormal 1.54 (0.88-2.68) 0.13 1.5(0.86,2.62) 0.15 1.57 (0.86,2.86) 0.14
Female

Normal Ref Ref Ref

Abnormal 1.67 (0.75,3.74) 0.21 3.67(1.34,10.04) 0.01 3.83(1.12,13.18) 0.03
Note:

TMultivariate analysis (M1) was adjusted for age (continuous)

2Multivariate analysis (M2) was adjusted for multivariate analysis (M1) plus smoking history, preoperative CEA, tumor location, surgical approach, tumor
differentiation, histologic stage and histologic type, pleural invasion and adjuvant chemotherapy

Fig. 2d, e, and f demonstrate the U-shaped linear rela-
tionship between the unadjusted risk ratio of death and
splenic area in the total population and in the male and
female subgroups, respectively. Figure 2b shows the over-
all survival rates of the normal and abnormal splenic area

groups at different times. Among them, the difference
in 5-year OS between patients with normal and abnor-
mal splenic areas was significantly different (82% (73%,
92%) vs. 79% (73%, 85%); log-rank p=0.044). In the uni-
variate analysis, the abnormal splenic area group in the
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total population was associated with decreased OS (HR:
1.59, 95% CI: (1.01,2.50), p=0.045). Univariate analy-
sis by gender showed no significant difference in either
men or women (HR 1.54, 95CI: (0.88,2.68), p=0.13; HR1.
67, 95CI: (0.75,3.74), p=0.21) (Table 2). In the adjusted
multivariate analysis, splenic area as a binary dependent
variable in the total population remained an independent
poor prognostic factor for OS (model 1 h: 1.79, 95CI:
(1.12,2.68), p=0.02; model 2 HR 1.84, 95CIL: (1.12,3.02),
p=0.02) (Table 2).

Subgroup analysis

Patients with abnormal splenic areas had a higher HR
in most subgroups, similar to the general population
(Fig. 3). The baseline characteristics of the patients and
the abnormal area of the spleen did not interact signifi-
cantly (all p>0.05).

Discussion

Our study found that the preoperative splenic area mea-
sured by CT can serve as an independent predictor of
OS in early-stage NSCLC patients, as confirmed by pub-
licly available data. These results suggest that the splenic
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area reflects cancer-related mechanisms and may merit
being integrated into lung cancer treatment algorithms.
In this study, we included patients independent of stage
and histological subtypes as a reflection of the inhomoge-
neous lung cancer population. By doing so, we could test
the true value of this potential prognostic marker in an
everyday clinical setting.

Previous studies have established a potential link
between splenic volume and treatment response in
NSCLC patients receiving immunotherapy [16—19]. For
example, in metastatic NSCLC, where systemic therapies
such as immunotherapy are predominant, the evidence
suggesting splenic volume as a surrogate marker for the
efficacy of immune checkpoint inhibitors is compelling
[18]. This correlation might be attributed to the spleen’s
integral role in immune modulation and response to
systemic therapies. However, translating these findings
to a surgical context presents challenges due to the dis-
tinct nature of the treatment and disease progression.
Additionally, the intriguing findings from studies on
patients with sepsis, where preoperative splenic volume
was shown to be an independent predictor of OS, add
another layer of complexity [28]. These studies highlight

Subgroup N Event HR(95%CI) P for interaction
Age : 0.83
<65 year 1766 (69.75) 334 (62.55) 1.28(1.00-1.63) —o—
=65 year 766 (30.25) 200 (37.45) 1.34(0.95-1.88) '=* * 4
Sex ! 0.63
Female 1158 (45.73) 176 (32.96) 1.18(0.86-1.63) :ng—
Male 1374 (54.27) 358(67.04)  1.30(1.01-1.67) —o—
Tumor location 1 0.83
Upper lobe 556 (24.43) 114 (23.95) 1.56(1.01-2.42) } — —
Non upper lobe 1720(75.57) 362(76.05)  1.33(1.04-1.70) :-@—
Surgical approach | 0.48
Thoracotomy 837(34.47)  295(58.53) 1.41(1.07-1.84) : —-
Thoracoscope 1591 (65.53) 209 (41.47) 1.21(0.89-1.66) H———
Pathological stage : 0.51
I 1216 (56.51) 126 (26.09) 1.52(0.99-2.32) : 4
I 410 (19.05) 131(27.12) 1.34(0.91-1.97) H——
ut 526 (24.44) 226 (46.79) 1.28(0.95-1.74) \:7 >——
Histologic type | 0.62
Adenocarcinoma 1961(81.20) 343(69.43) 1.34(1.05-1.72) : >—
Squamous cell carcinoma 454 (18.80) 151(30.57)  1.49(1.02-2.19) lL ————
Pleural invasion 1 0.74
Yes 2064 (82.92) 410(78.24) 1.31(1.04-1.64) :» *—
No 425 (17.08) 114 (21.76) 1.41(0.91-2.21) H—-
Adjuvant chemotherapy : 0.29
Yes 1075 (46.92) 175 (35.35) 1.51(1.05-2.17) : & 1
No 1216 (53.08) 320 (64.65) 1.20(0.93-1.53) H—-
Total 2532 534 1.32(1.08-1.61) be—
I T 1 T T T 1
00 05 1.0 15 20 25 3.0

Fig. 3 Forest plot of the abnormal group stratified by clinicopathological variables in the discovery cohort
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the potential of spleen metrics as a prognostic tool, yet
their applicability to NSCLC patients undergoing surgery
remains to be explored. In this uncharted territory, our
study makes a novel contribution by evaluating the prog-
nostic value of the preoperative splenic area, measured
by CT, in early-stage NSCLC patients who had under-
gone radical lung cancer resection. This focus on a surgi-
cal cohort is crucial, as it may uncover different dynamics
in the prognostic value of spleen metrics compared to
those observed in patients undergoing immunotherapy.
Our findings suggest that the preoperative splenic area
is indeed a significant predictor of overall survival in
early-stage NSCLC patients. This observation not only
adds a new dimension to the literature on splenic met-
rics in cancer but also raises questions about the under-
lying mechanisms that might govern this relationship in
the context of surgical treatment for NSCLC. In light of
these insights, future research should aim to unravel the
complex interactions between splenic metrics and cancer
outcomes in various treatment modalities, including sur-
gery. Such studies will be instrumental in refining prog-
nostic tools and potentially tailoring treatment strategies
based on spleen metrics in NSCLC patients.

A study retrospectively investigated 232 patients
with sepsis [28] and showed that the splenic volume of
patients with sepsis appeared to be associated with mor-
tality. They found that patients with a smaller splenic
volume had a significantly higher risk of mortality than
those with a normal splenic volume. However, we found a
U-shaped association between splenic area and mortality.
That is, patients in larger and smaller splenic areas both
had worse outcomes. We did not perform stratified anal-
ysis in the abnormal splenic area group due to numeri-
cal limitations but confirmed our findings in subgroup
analyses of different pathological stages, tissue types, etc.
More prospective and multicenter cohort studies with
large samples are needed to confirm the “U” association
between the splenic area and prognosis of NSCLC.

Most of the studies investigated the relationship
between the spleen and cancer outcome based on splenic
volume [16-19]. The reason why we used the splenic
area as a prognostic biomarker has important strengths.
First, the splenic area is based on the largest cross-sec-
tional area of the spleen and is independent of the shape
or location of the spleen, thus reflecting the size of the
splenic parenchyma more stably and consistently. In
volumetric analysis, several factors can introduce errors
and variability. The shape of the spleen, its position
within the body, potential rotation, and deformation all
contribute to challenges in accurately determining the
volume. These factors can lead to inconsistencies in volu-
metric measurements across different patients or even
in the same patient over time. In contrast, the splenic
area is measured on a single axial CT slice that displays
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the spleen’s largest cross-sectional area. This approach
minimizes the influence of shape and positional varia-
tions. By focusing on the maximum cross-sectional area,
we reduce the potential for measurement variability that
can arise from the aforementioned factors. The result is a
more consistent and reproducible measurement, which is
crucial in a clinical research setting. Additionally, splenic
area measurement is simpler and faster. It only requires
selecting one slice on CT, instead of measuring and sum-
ming multiple slices.

Possible explanations for these results are as follows.
First, multiple studies have demonstrated a connection
between certain types of cancer and chronic inflamma-
tion. This inflammation may weaken the immune system
and help cancer grow by causing immunological inver-
sion. It may be caused by aberrant myelopoiesis, a disease
that causes myeloid-derived suppressor cells (MDSCs) to
accumulate in the body [29, 30]. Similar to neutrophils,
these cells are populations of immature myeloid cells
that circulate in cancer patients. They suppress immune
responses that are made against cancer. MDSCs inhibit
the immune response by increasing tumor cell survival,
invasion into healthy tissue, angiogenesis, and metasta-
sis to promote cancer [31-35]. Second, in animal mod-
els, splenomegaly (enlarged spleen) is connected with
MDSC accumulation. This association with hepatocel-
lular cancer was discovered [36]. Third, in mouse mod-
els of lung cancer, the spleen is also a source of increased
splenic myeloid progenitor cells, which can significantly
boost the host response and affect tumor progression
[37]. Finally, splenectomy increases liver metastases in
colorectal cancer mouse models, highlighting the impor-
tance of the spleen in activating an immune response
against the tumor [37]. This could be the cause of the
worsening prognosis for NSCLC patients as the area of
the spleen increases and decreases.

The findings of our study also support the idea that sex-
related differences in spleen size may impact immune
function and tumor malignancy in NSCLC patients. We
found that male patients had a significantly higher splenic
area than female patients, which is consistent with pre-
vious literature [38]. One factor that may contribute
to the sex-related differences in spleen size is body size
and weight [39]. Male patients are generally larger and
heavier than female patients, which may result in a larger
spleen size. In addition, hormones such as testosterone,
which are present in higher levels in male patients, can
stimulate red blood cell production, which can also lead
to an increase in splenic size [40]. Our study also showed
that the preoperative splenic area in the abnormal group
was associated with significantly higher mortality in
males (HR, 2.73; 95% CI, 54—4.82), although it was not
a risk factor in females. This may be due to differences in
the immune response between male and female patients.
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Specifically, studies have shown that female patients
generally have a stronger immune response than male
patients, which may play a role in their ability to fight
off cancer cells [41]. This suggests that the splenic area
may be a more useful prognostic marker in male NSCLC
patients than in female patients. More research is needed
to fully understand the relationship between sex-related
differences in spleen size, immune function, and tumor
malignancy in NSCLC patients.

One of the implications of our study is that the preop-
erative splenic area could serve as a simple, inexpensive,
and noninvasive prognostic biomarker that could help
screen high-risk patients with early-stage NSCLC and
guide surgical treatment decisions. However, it is impor-
tant to note that optimal cut-off values for the splenic
areas depend on the sex of the patients in my study, as
shown by our curve-fitting analysis. To effectively apply
these findings in another clinical setting, we suggest
that further research is warranted to validate our find-
ings across different patient populations and healthcare
settings. Such research could explore the application of
preoperative splenic area measurements in various clini-
cal scenarios, including their potential role in monitoring
disease progression and response to treatment. Addition-
ally, it would be beneficial to investigate the integration
of this marker into existing clinical workflows and deci-
sion-making processes. This could involve developing
guidelines for the interpretation of splenic area measure-
ments, as well as training programs for radiologists and
clinicians to enhance their understanding and utilization
of this tool. Moreover, future studies should consider the
interplay of the splenic area with other clinical param-
eters and biomarkers to develop a more comprehensive
prognostic model for early-stage NSCLC. This holistic
approach could lead to more personalized and effec-
tive treatment strategies, ultimately improving patient
outcomes.

The large population and externally validated results
of this study ensure the robustness of the findings under
multiple conditions and the significant benefits of our
study. However, one limitation is that due to the small
number of patients with large and small spleens in our
cohort, we cannot know whether large or small splenic
areas are independently associated with poor prognosis
in NSCLC patients. Second, we did not perform a ran-
domized exposure analysis, so retrospective studies
may suffer from issues such as confounding and selec-
tion bias. Therefore, prospective multicenter random-
ized controlled trials are needed to verify our results.
Third, we did not collect immune parameters associ-
ated with splenic size and postoperative splenic area, so
we could not determine the correlation between splenic
area and related immune parameters or whether changes
in splenic area would affect patient outcomes. Fourth,
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several major survival factors, such as surgeon experi-
ence and patient functional status, were not included in
the data. These factors may have an impact on patients’
postsurgery survival times. Furthermore, we did not
adjust for potential confounding factors that may affect
the splenic area or NSCLC prognosis, such as comorbidi-
ties, medications, and lifestyle factors. Moreover, there
was no information on the incidence and cause of death,
as well as cancer specificity, recurrence-free survival, and
disease-free survival. Finally, we did not compare the
splenic area with other radiologic markers of spleen size
or function, such as splenic density or perfusion, which
may also have prognostic value. Therefore, our results
should be interpreted with caution, and further prospec-
tive multicenter randomized controlled trials are needed
to confirm our findings and elucidate the underlying
mechanisms.

Conclusion

Our study provides evidence that the preoperative
splenic area may be a novel, simple, noninvasive, and
repeatable radiologic marker that can be used for prog-
nostic assessment and personalized treatment of patients
with early-stage NSCLC. By continuing to explore and
refine its application, we can improve the accuracy and
personalization of prognostic assessment and provide
guidance for treatment decisions.
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