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Background: Although the thymus undergoes degeneration with the advancement of age, recent studies 
have continuously revealed that the thymus possesses the potential for regeneration and may reverse this 
aging trend. Furthermore, an increasing number of studies indicate an association between thymus function 
and immunotherapy. Considering that lung cancer patients typically undergo chest computed tomography 
(CT) scans during treatment, this provides convenient conditions for us to observe thymic remodeling 
through imaging data. Therefore, exploring the changes in the thymus on CT images is of great significance 
for understanding its relationship with the efficacy of immunotherapy in non-small cell lung cancer (NSCLC) 
patients. This study investigated the CT imaging characteristics of thymic density changes in patients with 
advanced NSCLC after immunotherapy. The primary objective was to determine whether changes in thymic 
density are predictors of response to immunotherapy in patients with NSCLC.
Methods: A total of 412 patients with advanced NSCLC who underwent immunotherapy were included. 
Thymic density measurements were taken initially and after immunotherapy, with the annualized change 
calculated. Comprehensive analysis, including disease progression, survival, and subgroup assessments, was 
conducted. The primary outcome was overall survival (OS), and the secondary outcomes were progression-
free survival (PFS), objective response rate (ORR) and disease control rate (DCR).
Results: The annual change in density of the thymic region ranged from −108 to 108 HU after the initiation 
of ICIs. Patients were categorized into “loss” or “non-loss” groups (210 vs. 202) based on thymic density 
changes. Analysis of short-term progression of solid tumors revealed no statistically significant differences 
in ORR (P=0.55) and DCR (P=0.67) between the two groups. Throughout the entire follow-up period,  
41 patients (19.5%) in the “loss” group and 64 patients (31.7%) in the “non-loss” group died. Thymic 
density reduction was not associated with PFS (P=0.08), but it was positively associated with increased OS 
(P=0.003). The results were consistent across subgroups.
Conclusions: Thymic density changes were observed in nearly all NSCLC patients undergoing 
immunotherapy, with decreased density associated with longer OS. These findings suggest a potential 

association between thymic density changes and immune efficacy in NSCLC immunotherapy.
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Introduction

Non-small cell lung cancer (NSCLC) is the most common 
type of lung cancer, accounting for approximately 85% of 
all lung cancer cases (1). Despite advancements in treatment 
modalities including surgical intervention, chemotherapy, 
and targeted therapy, the overall prognosis for patients 
with NSCLC remains poor, particularly in advanced-stage 
disease, with an approximate five-year survival rate of about 
20% (2). In recent years, the clinical utilization of immune 
checkpoint inhibitors (ICIs) in cancer treatment has reached 
a high level of maturity, with the combination of ICIs and 
chemotherapy emerging as the predominant first-line 
approach for managing advanced NSCLC (3).

The thymus, functioning as a primary lymphoid organ, 
assumes a pivotal role in the generation and development of 
naive T cells that play a critical role in adaptive immunity (4).  
ICIs prevent tumor suppression of T cells and restart the 
tumor immune cycle by binding to immune checkpoints. 
Thymosin alpha 1 (Tα1) produced by the thymus present in 

the natural thymus is not only used as a booster of vaccine 
response, but also widely used in cancer patients and a wide 
range of infections, and its value in the field of cancer has 
become a research hotspot today (5). Tα1 is involved in 
multiple steps of the tumor immune cycle, acting directly 
on precursor T cells to promote their proliferation and 
maturation (6). Tα1 acts synergistically with ICIs in the 
treatment of melanoma, showing better efficacy than 
monotherapy (7). Guo et al.’s study confirmed that Tα1 
as adjuvant immunomodulatory therapy can significantly 
improve progression-free survival (PFS) and overall survival 
(OS) in patients with NSCLC after R0 resection, and the 
absolute OS improvement was greater than 10% at 5 years 
after surgery (5). The latest research suggests that zoledronic 
acid (ZA) and Tα1 enhance the immunotherapeutic 
efficacy in the treatment of patients with immunologically 
unresponsive prostate cancer by bolstering antitumor 
immunity (8). Tα1 secreted by the thymus enhances the 
efficacy of ICIs and adjuvant immunomodulatory therapy, 
playing a crucial role in bolstering antitumor immunity in 
cancer treatment. Previous studies have shown that cell-
mediated immune system disorders and thymic fat aging may 
be one of the factors leading to the decline of immunity (9). 
The thymus, being the largest at puberty, undergoes dynamic 
changes in early life, particularly during infancy and early 
childhood, as the T cells it houses migrate throughout the 
body and experience age-related alterations such as volume 
reduction and loss of epithelial cells. This process, known as 
thymus degeneration, is accompanied by a gradual decline 
in thymus output and function (10,11). It is noteworthy, 
however, that the rate at which thymic involution occurs 
exhibits interindividual variation. The conventional 
perspective holds that the clinical significance of thymus 
degeneration is deemed to be inconsequential. Nevertheless, 
mounting evidence suggests that thymus degeneration 
serves as a prominent marker of T cell senescence, which 
is concomitant with immune senescence and inflammatory 
processes (12). The NEJM study highlights the association 
between thymectomy and higher all-cause mortality and 
cancer risk, demonstrating that the homeostatic disruption 
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caused by thymectomy is sufficient to adversely affect key 
health outcomes—strong evidence that the adult thymus still 
has an important functional role (13).

Thymic density can be visualized on chest computed 
tomography (CT), but its clinical utility is limited due to 
the anatomical nature of the thymus. However, recent 
studies have highlighted a significant underestimation of 
adult remaining thymus tissue (14). While the correlation 
between thymus density and thymus function from CT 
plain scans is still lacking in evidence, the key role of 
thymus solid components in immunoinflammation may 
provide insights into future treatment strategies and 
clinical decision-making. Notably, previous studies have 
shown a strong association between CT-assessed thymic 
total fat replacement and depletion of naive CD8+ T cells, 
suggesting that thymic CT may serve as a clinically relevant 
marker of immunosenescence (15).

Although it is well-recognized that the thymus undergoes 
age-related degeneration, emerging evidence suggests that 
it can regenerate and potentially reverse the degenerative 
process (16). The question of whether thymus remodeling 
is evident on CT images is of interest, given the ready 
availability of chest CT scans for lung cancer patients. 
We assessed thymus density using chest CT imaging and 
assessed its density change to explore its relevance to 
treatment outcomes following immunotherapy in patients 
with NACLC. We present this article in accordance with 
the STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-203/rc).

Methods

Study participants and design

The single-center retrospective cohort study was conducted 
at Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, from March 2020 
to September 2022. A total of 412 patients diagnosed with 
advanced NSCLC who were undergoing immunotherapy 
were included in the study. Inclusion criteria for participants 
were: (I) age over 18 years; (II) a diagnosis of stage III or 
IV NSCLC according to the NCCN Oncology Clinical 
Practice Guidelines: NSCLC (17); (III) histologically or 
cytologically confirmed NSCLC; (IV) receiving at least 
three cycles of immunotherapy; (V) first diagnosis and 
complete treatment at the study institution. Exclusion 
criteria for participants in both groups were: (I) concurrent 
presence of another type of tumor; (II) previous surgical 

treatment; (III) thymoma or anterior mediastinal space 
involvement; (IV) history of sternal trauma and sternotomy; 
(V) absence of data and medical records; (VI) poor image 
quality of chest CT scans. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and was approved by the Ethics Committee of Union 
Hospital, Tongji Medical College, Huazhong University 
of Science and Technology (No. S054). Written informed 
consent was waived due to the retrospective nature of this 
study.

Furthermore, we randomly included 100 patients who 
had undergone standard chemotherapy as a control group 
to eliminate the influence of other confounding factors.

Data acquisition and analysis

All CT images were obtained using the Siemens Healthcare 
scanner, which featured a tube voltage of 120 kVp and 
automated tube current regulation for optimized image 
quality. The images were meticulously reconstructed using 
advanced technology, utilizing a matrix size of 512×512 
and a precise collimation of 64 mm × 0.625 mm. The 
standardized reconstructed slice thickness and interval of 
1.5 mm guaranteed consistent and accurate measurements. 
Furthermore, the Picture Archiving and Communication 
System (PACS) system is employed for image storage 
and CT value measurements, with CT values serving as 
indicators of thymic tissue density, measured in Hounsfield 
unit (HU) for attenuation. All scans were obtained at lower 
radiation doses and no contrast agent was used.

Patient data, including age, gender, demographics, 
clinical data, laboratory results, and chest CT images, 
were obtained from institutional case records from the 
date of admission to discharge or death. We conduct 
telephone follow-up assessments every six months with 
patients, focusing primarily on disease progression and 
mortality information until the patient’s death. The density 
of the thymic region in the chest CT scan was recorded 
independently by two radiologists with more than 7 years 
of experience, as shown in Figure 1. Region of interest 
(ROI) was selected from the relatively homogeneous areas 
within the anterior mediastinum to assess the overall CT 
values. The size of the ROIs was approximately 100 mm2, 
and their positions were determined by the observers. The 
first observer assessed the images twice, with measurements 
taken after a 4-week washout period, while the second 
observer conducted a single assessment. Neither was aware 
of the other’s results. Any discrepancies were resolved 
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through consensus, with the final CT values of the thymic 
region being jointly determined by both observers. The 
intra- and inter-observer reliability for measurement of 
thymic density was excellent at 0.96 [95% confidence 
interval (CI): 0.89–0.99] and 0.97 (95% CI: 0.91–0.99).

All areas of interest were delineated on fixed mediastinal 
Windows (window level =50 HU, window width =500 HU).  
In each patient, the density difference in the anterior 
mediastinal thymus region was measured from the two chest 
CT images with the greatest time interval. This density 
difference was then divided by the interval in months and 
multiplied by twelve months to calculate the annualized 
thymus progression value, as determined by the following 
formula:

( ) 12b a
v

c
− ×

=
 

[1]

Among them, a is the attenuation/Hounsfield unit 
measurement by ROI before treatment (HU), b is the 
attenuation/Hounsfield unit measurement by ROI at the 
latest follow-up (HU), c is the interval between the two 
measurements (m), and v is the annualized values of thymic 

density change (HU).

Patient outcomes

Baseline demographics and clinical outcomes of the patients 
were retrospectively collected. The response to treatment 
with ICIs was evaluated using RECIST criteria v1.1 (18) 
based on chest CT scans. OS is defined as the duration from 
study enrollment to patient death. PFS was defined as the 
time from the first dose of treatment to either radiographic 
imaging progression or death, whichever occurred first. The 
overall response rate (ORR) included patients who achieved 
a complete response (CR) or partial response (PR). The 
disease control rate (DCR) included patients who achieved 
a CR, PR, or stable disease (SD). Progressive disease (PD) 
encompassed patients who exhibited radiographic evidence 
of intrapulmonary progression or extrapulmonary spread.

Statistical analysis

Analysis was performed using IBM SPSS Statistics (version 28).  
Cohen’s weighted Kappa coefficient was used to determine 

Figure 1 Measurement of thymic density in the anterior mediastinum: (A,B) the first and last chest CT images of the same patient, 
respectively, who showed an annual decrease in thymic density; (C,D) the first and last chest CT images, respectively, of another patient, 
who presented with an increase in annualized thymic density. HU, Hounsfield unit; CT, computed tomography.
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the agreement of thymus scores between internal and 
internal observers. Descriptive statistics were employed to 
assess the distribution of variables. Continuous variables 
were presented as either mean with standard deviation or 
median with interquartile range (IQR), while categorical 
variables were summarized as counts and percentages. 
According to the cut-off value of attenuation/Hounsfield 
unit measurement by ROI, the patients were divided into 
the “thymus density non-loss” group and the “thymus 
density loss” group. we employed the Kaplan-Meier method 
to perform a time-event analysis of PFS and OS. The log-
rank test was utilized to compare the OS and PFS outcomes 
between the two patient groups. To examine the influence 
of thymic component loss on patient survival, we employed 
univariate and multifactorial Cox regression models. In the 
univariate analysis, parameters with a P value less than 0.10 
were chosen for inclusion in the multivariate Cox regression 
model. Afterwards, we calculated the hazard ratio (HR) 
along with its corresponding 95% CI.

We conducted subgroup analyses using HR based on 
various factors, including gender, age (<65 vs. ≥65 years), 
body mass index (<25 vs. ≥25 kg/m2), hypertension, 
smoking history, hyperlipidemia, tumor stage, ICI type, 
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-
lymphocyte ratio (PLR). Additionally, we evaluated the 
presence of interactions within these subgroups. The χ2 test 
was employed to compare the stratified HRs among these 
subgroups. All statistical tests were two-tailed. Statistical 
significance was defined as a p-value less than 0.05.

Results

Patients

By calculation, we found that the density change values 
in the thymic region followed a normal distribution with 
a critical value of 0. Therefore, the annualized thymic 
density progression values were compared with 0—if the 
value was greater than or equal to 0, it was categorized as 
“non-loss”, otherwise it was classified as “loss”. Of these, 
in the “non-loss” group, there were 193 patients with 
thymic density progression, 35 of whom had previous 
steroid use. During the measurement of Hounsfield unit 
values in the thymus area, ROI standard deviations were 
simultaneously recorded. The median ROI standard 
deviations at baseline and after treatment were 16.28 (IQR: 
13.70, 18.41) and 17.00 (IQR: 13.92, 20.57) respectively, 
indicating a good uniformity of density within the ROI. We 

consecutively selected 100 patients who received standard 
chemotherapy from February to July 2020. Inclusion and 
exclusion criteria were consistent with the immunotherapy 
queue, except for the treatment modality. The aim was 
to evaluate the progression of thymic density to exclude 
the impact of factors other than ICIs on the results. The 
baseline characteristics of the ICI group and the standard-
chemotherapy cohort (non-ICI group) are summarized 
in Table S1. In particular, follow-up time did not differ 
between the two groups (22 vs. 23 months, P=0.45). There 
was no statistically significant correlation between the 
change in thymic density and the survival of patients in 
the standard chemotherapy cohort (P=0.22, Figure S1). 
Besides, in patients treated with immunotherapy, the 
annual change in density of the thymic region ranged from 
−108 to 108 HU. Out of all the enrolled patients, 255 
(61.9%) were over 65 years of age, while 157 (38.1%) were 
under 65 years of age. We also documented the history of 
steroid use in patients and found no difference between 
the two groups (P=0.50), with 37 individuals (9%) in the 
“non-loss” group having a history of steroid use. Notably,  
158 participants had a baseline thymic density of less than 
−100 HU, while only two had a thymic density of more than 
0 HU. Interestingly, the ages of these two patients were 47 
and 71 years, respectively. Overall, the two groups did not 
exhibit significant differences in terms of age, sex, cancer 
type, tumor stage, or basic biochemical indicators (Table 1).

Effect

Throughout the entire follow-up period, 41 patients 
(19.5%) in the “loss” group and 64 patients (31.7%) in 
the “non-loss” group died. Analysis of the short-term 
progression of solid tumors showed that ORR (P=0.55) 
and DCR (P=0.67) were not statistically different between 
the two groups (Table S2). Furthermore, short-term 
immunotherapy response can be categorized into two 
groups based on outcome: responders (CR and PR) and 
non-responders (SD and PD). Logistic regression was 
employed to analyze the correlation between thymic density 
changes and immunotherapy response, and it was found 
that there was no correlation between them (Table S3, OR 
=1.13 95% CI: 0.77–1.66, P=0.55). Demographic, clinical, 
and cancer-related variables were included in univariate 
Cox proportional hazards models (Tables 2,3). Among them, 
the ratio of albumin to globulin (A/G ratio) and stage 
showed a correlation with prognosis in univariate analysis 
of PFS. Multivariate analysis showed that lower A/G ratio 
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Table 1 Baseline characteristics of the study population stratified according to the presence or absence of thymic density loss (n=412)

Characteristics Non-loss Loss P value

Patients 202 210

Gender 0.18

Male 173 (42.0) 189 (45.9)

Female 29 (7.0) 21 (5.1)

Age (years) >0.99

<65 77 (18.7) 80 (19.4)

≥65 125 (30.3) 130 (31.6)

Body mass index (kg/m2) 0.11

≤ median* 158 (38.3) 177 (43)

> median 44 (10.7) 33 (8)

Total bilirubin (mg/dL) 11.1 (4.8) 11.0 (5.6) 0.91

A/G ratio 1.5 (1.5) 1.4 (0.3) 0.47

Smoking 107 (26.0) 117 (28.4) 0.58

Hypertension 71 (17.2) 63 (15.3) 0.27

Hyperlipidemia 66 (16.0) 60 (14.6) 0.37

History of steroid use 37 (9.0) 44 (10.7) 0.50

Neutrophil to lymphocyte ratio 0.63

≤2 170 (41.3) 173 (42.0)

>2 32 (7.8) 37 (9.0)

Platelet to lymphocyte ratio 0.54

≤150 130 (31.6) 129 (31.3)

>150 72 (17.5) 81 (19.7)

Pathological types 0.87

Adenocarcinoma 92 (22.3) 97 (23.5)

Squamous carcinoma 97 (23.5) 102 (24.8)

Other 13 (3.2) 11 (2.7)

Stages 0.69

Stage IV 146 (35.4) 148 (35.9)

Stage III 56 (13.6) 62 (15)

Type of ICIs 0.96

PD-1 antibody 185 (44.9) 192 (46.6)

PD-L1 antibody 17 (4.1) 18 (4.4)

Data are presented as n (%) or mean (standard deviation). *, the median body mass index is 25 kg/m2. Non-loss, patients with no loss of 
thymic density; Loss, patients with loss of thymic density; A/G ratio, ratio of albumin to globulin; ICIs, immune checkpoint inhibitors; PD-1, 
programmed cell death-1; PD-L1, programmed cell death-ligand 1.
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Table 2 Effect of altered thymic density and prognostic factors on progression-free survival after immune checkpoint inhibitor therapy in 
univariate and multivariate Cox regression models (n=412)

Parameter
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Gender

Male Reference

Female 1.17 (0.79, 1.74) 0.44

Age (years)

<65 Reference

≥65 1.07 (0.81, 1.41) 0.63

Body mass index (kg/m2)

< median* Reference Reference

≥ median 0.74 (0.51, 1.07) 0.11 0.77 (0.53, 1.12) 0.18

Total bilirubin (mg/dL) 1.00 (0.97, 1.03) 0.89

A/G ratio 0.61 (0.39, 0.95) 0.03 0.62 (0.40, 0.97) 0.04

Smoking

No Reference

Yes 0.85 (0.65, 1.11) 0.24

Hypertension

No Reference

Yes 1.13 (0.85, 1.49) 0.41

Hyperlipidemia

No Reference

Yes 0.89 (0.66, 1.19) 0.43

Neutrophil to lymphocyte ratio

≤2 Reference Reference

>2 1.45 (0.98, 2.16) 0.07 0.96 (0.62, 1.47) 0.84

Platelet to lymphocyte ratio

≤150 Reference Reference

>150 1.68 (1.25, 2.26) <0.001 1.36 (0.99, 1.88) 0.059

Pathological types

Adenocarcinoma Reference

Squamous carcinoma 0.74 (0.56, 0.98) 0.04

Other 0.80 (0.45, 1.43) 0.45

Stages

Stage III Reference Reference

Stage IV 2.42 (1.69, 3.45) <0.001 2.30 (1.59, 3.31) <0.001

Type of ICIs

PD-1 antibody Reference

PD-L1 antibody 1.21 (0.76, 1.91) 0.42

Group

Loss Reference Reference

Non-loss 1.27 (0.97, 1.66) 0.08 1.33 (1.01, 1.74) 0.042

*, the median body mass index is 25 kg/m2. Non-loss, patients with no loss of thymic density; Loss, patients with loss of thymic density; 
CI, confidence interval; A/G ratio, ratio of albumin to globulin; ICIs, immune checkpoint inhibitors; PD-1, programmed cell death-1; PD-L1, 
programmed cell death-ligand 1.
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Table 3 Effect of altered thymic density and prognostic factors on overall survival after immune checkpoint inhibitor therapy in univariate and 
multivariate Cox regression models (n=412)

Parameter
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P Hazard ratio (95% CI) P 

Gender

Male Reference

Female 0.84 (0.45, 1.56) 0.57

Age (years)

<65 Reference Reference

≥65 1.91 (1.30, 2.80) <0.001 1.80 (1.21, 2.67) 0.004

Body mass index (kg/m2)

< median* Reference

≥ median 0.76 (0.45, 1.30) 0.32

Total bilirubin (mg/dL) 1.02 (0.99, 1.06) 0.25

A/G ratio 0.58 (0.31, 1.09) 0.09 0.64 (0.33, 1.24) 0.19

Smoking

No Reference

Yes 1.08 (0.74, 1.59) 0.68

Hypertension

No Reference Reference

Yes 1.68 (1.14, 2.47) 0.01 1.37 (0.91, 2.05) 0.13

Hyperlipidemia

No Reference

Yes 0.97 (0.64, 1.46) 0.87

Neutrophil to lymphocyte ratio

≤2 Reference

>2 1.52 (0.85, 2.72) 0.16

Platelet to lymphocyte ratio

≤150 Reference Reference

>150 1.61 (1.05, 2.47) 0.03 1.30 (0.83, 2.03) 0.25

Pathological types

Adenocarcinoma Reference

Squamous carcinoma 0.80 (0.54, 1.18) 0.26

Other 0.70 (0.28, 1.75) 0.45

Stages

Stage III Reference Reference

Stage IV 2.26 (1.34, 3.79) 0.002 2.23 (1.31, 3.79) 0.003

Type of ICIs

PD-1 antibody Reference

PD-L1 antibody 1.03 (0.52, 2.04) 0.94

Group

Loss Reference Reference

Non-loss 1.79 (1.21, 2.65) 0.004 1.68 (1.13, 2.50) 0.010

*, the median body mass index is 25 kg/m2. Non-loss, patients with no loss of thymic density; Loss, patients with loss of thymic density; 
CI, confidence interval; A/G ratio, ratio of albumin to globulin; ICIs, immune checkpoint inhibitors; PD-1, programmed cell death-1; PD-L1, 
programmed cell death-ligand 1.
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(HR =0.62 95% CI: 0.40–0.97, P=0.036), higher tumor 
stage (HR =2.30 95% CI: 1.59–3.31, P<0.001), and no loss 
of thymic density (HR =1.33 95% CI: 1.01–1.74, P=0.042) 
were associated with a higher risk of disease progression. 
the multivariate regression analysis suggested that age (HR 
=1.80 95% CI: 1.21–2.67, P=0.004), stages (HR =2.23 95% 
CI: 1.31–3.79, P=0.003) and thymus density with non-loss 
(HR =1.68 95% CI: 1.13–2.50, P=0.010) were independent 
predictors of OS.

The presence or absence of thymic density loss did not 
show a significant difference in PFS (P=0.08) between the 
groups. However, a significant disparity in OS (P=0.003) 
(Figure 2). These findings suggest that patients with 
thymic density loss may have a prolonged survival. Because 
of the short follow-up, we could not obtain the median 
survival time.

The findings from our subgroup analysis revealed 
that the risk of PFS was elevated in the “non-loss” 
group compared to the “loss” group among subgroups 
characterized by a BMI below the median (median 
=25 kg/m2), a PLR greater than 150, or treatment with 
programmed cell death-1 (PD-1) antibodies (Figure 3). In 
the subgroups comprising patients over the age of 65 years, 
males, those with a BMI below the median, hypertension, 
the absence of hyperlipidemia, elevated NLR and PLR, 
squamous cell carcinoma, stage IV lung cancer, and 
treatment with PD-1 antibodies, the “non-loss” group had a 
higher risk of mortality (Figure 4). In the subgroup analysis 
both of PFS and OS, we observed that none of the P values 
for interaction reached statistical significance.

Discussion

The thymus plays a crucial role in the immune system, as 

it possesses the ability to transform hematopoietic stem 
cells into mature T cells (19). In recent years, it has been 
suggested that immunosenescence, rather than the gradual 
accumulation of mutations, is the main reason for the 
increase in cancer incidence with age in many cancers (20).  
The “immunosurveillance hypothesis” suggests that a 
weakened immune system increases the chances of cancer 
cell survival (21). As the thymus undergoes degeneration, 
this situation is more likely to occur, leading to a decline 
in the body’s ability to fight tumor cells. However, there is 
currently limited research on the relationship between the 
thymus and immunotherapy. During our clinical practice, 
we serendipitously observed subtle variations in thymic 
density—either a decrease or increase—on chest CT scans. 
This intriguing finding led us to speculate that changes in 
thymic volume or density may have a potential correlation 
with the efficacy of immunotherapy. Furthermore, lung 
cancer patients undergo multiple chest CT scans during 
the course of their disease treatment, providing a readily 
available means to assess thymic density (22) Additionally, 
lung cancer patients represent a large population 
predominantly treated with immunotherapy, making them 
an ideal cohort for our study. To the best of our knowledge, 
this study is the first to investigate the association between 
thymic density loss, as evaluated on surface chest CT 
scans, and the response to immunotherapy in patients with 
NSCLC. Moreover, our study benefits from a substantial 
sample size, enhancing the robustness of our findings.

Our study results indicate that patients with reduced 
Hounsfield unit values in the thymus region after 
immunotherapy exhibit better OS, whereas there were no 
differences in immunotherapy response, ORR, DCR and 
PFS between the two groups. In addition, no heterogeneity 
was found in the subgroup analyses of PFS and OS between 

Figure 2 Survival curves of progression-free survival (A) and overall survival (B) stratified by thymic density changes following 
immunotherapy in non-small cell lung cancer.
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Figure 3 Forest plot of hazard ratios and confidence intervals for progression-free survival in non-small cell lung cancer patients following 
immunotherapy. HR, hazard ratio; CI, confidence interval; BMI, body mass index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to 
lymphocyte ratio; ICIs, immune checkpoint inhibitors; PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand 1.

Subgroup Non-loss Loss HR (95% CI) P for interaction

no. (%)

Overall 115/202 (56.9) 99/210 (47.1) 0.79 (0.60−1.03)

Age (years) 0.40

<65 30/77 (39.0) 43/80 (53.8) 0.68 (0.44−1.05)

≥65 57/125 (45.6) 68/130 (52.3) 0.87 (0.61−1.22)

Gender 0.31

Male 74/173 (42.8) 102/189 (54.0) 0.75 (0.56−1.01)

Female 13/29 (44.8) 9/21 (42.9) 1.16 (0.55−2.46)

BMI 0.38

≤ Median 62/158 (39.2) 92/177 (52.0) 0.73 (0.54−0.98)

> Median 25/44 (56.8) 19/33 (57.6) 1.06 (0.53−2.11)

Smoking 0.47

Yes 47/107 (43.9) 66/117 (56.4) 0.72 (0.50−1.05)

No 40/95 (42.1) 45/93 (48.4) 0.89 (0.60−1.30)

Hypertension 0.52

No 60/131 (45.8) 78/147 (53.1) 0.85 (0.61−1.18)

Yes 27/71 (38.0) 33/63 (52.4) 0.71 (0.45−1.13)

Hyperlipidemia 0.52

No 55/136 (40.4) 79/150 (52.7) 0.74 (0.53−1.01)

Yes 32/66 (48.5) 32/60 (53.3) 0.91 (0.55−1.50)

NLR 0.90

>2 69/170 (40.6) 88/173 (50.9) 0.79 (0.59−1.05)

≤2 18/32 (56.2) 23/37 (62.2) 0.84 (0.40−1.77)

PLR 0.18

>150 44/130 (33.8) 63/129 (48.8) 0.70 (0.51−0.97)

≤150 43/72 (59.7) 48/81 (59.3) 1.04 (0.63−1.72)

Pathological types 0.47

Adenocarcinoma 33/92 (35.9) 49/97 (50.5) 0.69 (0.47−1.01)

Squamous carcinoma 48/97 (49.5) 57/102 (55.9) 0.87 (0.58−1.31)

Other 6/13 (46.2) 5/11 (45.5) 1.18 (0.39−3.51)

Stages 0.39

Stage IV 49/146 (33.6) 68/148 (45.9) 0.74 (0.55−1.00)

Stage III 38/56 (67.9) 43/62 (69.4) 0.99 (0.52−1.88)

Type of ICIs 0.21

PD-1 79/185 (42.7) 104/192 (54.2) 0.75 (0.56−0.99)

PD-L1 8/17 (47.1) 7/18 (38.9) 1.37 (0.57−3.32)

0.4 0.6
Hazard ratio

1.0 1.6 2.7

the two groups. Some immunotherapy trials have also 
yielded similar conclusions (23). PFS, ORR and DCR have 
been implemented as early clinical endpoints and are widely 
used for the assessment of antitumor therapies (24,25), but 
the association between short-term efficacy and long-term 
efficacy has not been confirmed. Among the population 

that benefits from immunotherapy, they have not achieved 
significant short-term efficacy but have shown benefit 
in long-term efficacy. This result may support the long-
tailed effect of immunotherapy, with the observation that 
the longer the duration of immunotherapy, the greater the 
benefit for patients (26).
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Figure 4 Forest plot of hazard ratios and confidence intervals for overall survival in non-small cell lung cancer patients following 
immunotherapy. HR, hazard ratio; CI, confidence interval; BMI, body mass index; NLR, neutrophil to lymphocyte ratio; PLR, platelet to 
lymphocyte ratio; ICIs, immune checkpoint inhibitors; PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand 1.

Subgroup Non-loss Loss HR (95% CI) P for interaction

no. (%)

Overall 64/202 (31.7) 41/210 (19.5) 0.56 (0.38−0.83)

Age (years) 0.85

<65 44/77 (57.1) 59/80 (73.8) 0.52 (0.30−0.90)

≥65 94/125 (75.2) 110/130 (84.6) 0.58 (0.33−1.02)

Gender 0.74

Male 117/173 (67.6) 151/189 (79.9) 0.57 (0.37−0.85)

Female 21/29 (72.4) 18/21 (85.7) 0.45 (0.12−1.69)

BMI 0.54

≤ Median 104/158 (65.8) 142/177 (80.2) 0.52 (0.34−0.80)

> Median 34/44 (77.3) 27/33 (81.8) 0.76 (0.28−2.10)

Smoking 0.93

Yes 72/107 (67.3) 93/117 (79.5) 0.57 (0.34−0.96)

No 66/95 (69.5) 76/93 (81.7) 0.54 (0.30−0.98)

Hypertension 0.38

No 98/131 (74.8) 120/147 (81.6) 0.67 (0.40−1.11)

Yes 40/71 (56.3) 49/63 (77.8) 0.46 (0.24−0.86)

Hyperlipidemia 0.64

No 92/136 (67.6) 121/150 (80.7) 0.52 (0.32−0.83)

Yes 46/66 (69.7) 48/60 (80.0) 0.65 (0.32−1.32)

NLR 0.86

>2 114/170 (67.1) 137/173 (79.2) 0.57 (0.38−0.87)

≤2 24/32 (75.0) 32/37 (86.5) 0.50 (0.16−1.53)

PLR 0.30

>150 81/130 (62.3) 102/129 (79.1) 0.49 (0.31−0.79)

≤150 57/72 (79.2) 67/81 (82.7) 0.79 (0.38−1.64)

Pathological types 0.90

Adenocarcinoma 60/92 (65.2) 75/97 (77.3) 0.58 (0.34−1.01)

Squamous carcinoma 68/97 (70.1) 85/102 (83.3) 0.51 (0.28−0.92)

Other 10/13 (76.9) 9/11 (81.8) 0.83 (0.14−4.97)

Stages 0.62

Stage IV 93/146 (63.7) 113/148 (76.4) 0.59 (0.39−0.91)

Stage III 45/56 (80.4) 56/62 (90.3) 0.45 (0.17−1.23)

Type of ICIs 0.22

PD-1 125/185 (67.6) 156/192 (81.2) 0.52 (0.34−0.78)

PD-L1 13/17 (76.5) 13/18 (72.2) 1.22 (0.33−4.53)

0.4
Hazard ratio

1.0 2.7

In the predominantly elderly NSCLC population, the 
thymus appears to have regressed completely, manifesting 
as a dense low-density area. Thymic degeneration is 
considered to be an important cause of immune aging. 
Thymic degeneration can cause heterogeneous changes in 
the CD4+T cell population, leading to decreased immunity, 

and increasing the risk of infection, autoimmune diseases 
and tumors (27). However, the discovery of intrathymic 
stem cells seems to overturn the view that thymic atrophy 
is irreversible (28). In other words, it is still possible for the 
density of thymus to become higher in old age. Numerous 
studies have been conducted to explore methods for thymus 
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regeneration aiming at enhancing individual immunity (29). 
These research findings suggest that thymic involution may 
lead to impaired immune function and poorer prognosis 
in cancer treatment. However, the density of the thymus 
is not static, and no studies have thoroughly investigated 
the relationship between the dynamic changes in thymic 
density and the efficacy of cancer immunotherapy. Patients 
with reduced thymic density exhibit longer survival, and 
we offer two possible explanations for this finding. First, 
the decrease in thymic density could be attributed to the 
release of substances involved in the composition of the 
thymus, or to the migration of T cells from the thymus 
to the bloodstream and tumor cells, leading to a decrease 
in density as observed in imaging studies. Second, the 
decrease in thymic density following immunotherapy 
could be a rapid response of the thymus to the stimulation 
of immunotherapy drugs, suggesting enhanced thymic 
activity. During immunotherapy, the dynamic changes in 
thymic density may provide more information about the 
mechanisms of immunotherapy than the thymic density 
before treatment.

Rebound thymic hyperplasia has been observed in 
different types of malignant tumors and different treatments 
(30,31), suggesting that changes in thymic density may not 
be uncommon and independent of tumor type and treatment 
modality. Deniz et al. investigated the overall impact of 
rebound thymic hyperplasia in patients with NSCLC 
undergoing systemic chemotherapy. The median time for 
rebound thymic hyperplasia was 4.5 months (2–7 months) 
after examination. The OS of patients with rebound thymic 
hyperplasia (20.04 months; 95% CI: 4.79–35.29) was longer 
than that of patients without rebound thymic hyperplasia 
(10.05 months; 95% CI: 8.74–11.36; P=0.049) (32). In 
contrast, immunotherapy has shown contrasting results, 
which is an intriguing phenomenon that may be related to 
the different pharmacological mechanisms of chemotherapy 
drugs and immunotherapeutic agents. It is recognized that 
PD-1 is expressed in T cells, B cells, and macrophages, 
while its ligand, PD-L1, is present in tumors and normal 
tissues, including the thymus. We hypothesize that in 
immunotherapy, increased thymic activity is associated with 
the efficacy of the treatment, and the changes in thymic 
density can, to some extent, reflect the degree of thymic 
activity. Currently, there is a lack of sufficient evidence to 
explain the specific mechanisms underlying these imaging 
findings, thus further research is needed to elucidate the 
role of the thymus in immunotherapy. Our study may 
potentially provide some inspiration for future mechanistic 

research in this direction.
The A/G ratio has been demonstrated as an independent 

prognostic factor for predicting mortality risk in patients 
undergoing immunotherapy (33,34), In our multifactorial 
analysis of patients, we also found that the A/G ratio 
might serve as a predictive factor for PFS, consistent with 
the aforementioned findings. This could be attributed to 
the fact that albumin is an indicator of nutritional status, 
liver function, and chronic inflammation, and is closely 
associated with malnutrition and severe liver impairment, 
which may lead to poor prognosis of tumors (35). However, 
the A/G ratio did not demonstrate a significant predictive 
value in OS analysis, possibly due to the limited sample size.

Our study has several limitations. Firstly, our study is 
a single-center retrospective study, which may introduce 
information bias and has certain limitations. For example, 
we were unable to determine the patterns of attenuation/
Hounsfield unit measurement by ROI changes in patients 
before treatment, which could be a potential confounding 
factor. Due to the limitations of our retrospective study 
design, we did not investigate the subpopulations of 
lymphocytes in patients, which could provide a more 
comprehensive assessment of their immune status. Subgroup 
analysis of lymphocyte subsets could potentially offer a 
more direct reflection of patients’ immune function (36).  
Concomitantly, information regarding immune-related 
adverse events was not available, precluding the determination 
of any potential associations between changes in thymic 
density and the occurrence of such events. This is a 
notable omission, as elucidating the relationship between 
thymic density and immune-related adverse events 
could provide valuable insights into the dynamics of the 
immune system and its implications for patient health. 
Furthermore, information related to other treatments such 
as radiotherapy and other severe systemic stress factors 
that may be associated with increased thymic rebound 
could not be collected. Some studies have suggested that 
thymic morphology may also serve as a factor revealing 
thymic function. However, our study primarily focused on 
changes in thymic density, while the variations in thymic 
morphology lack a consensus and are difficult to identify 
on imaging images. Therefore, we did not investigate the 
changes in thymic morphology. Additionally, our study 
only targeted patients with NSCLC, and it is expected that 
future multi-center, multi-cancer randomized controlled 
trials will be conducted to validate the conclusions drawn 
from this study.

Overall, our study adds to a growing body of evidence for 
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the role of the thymus in immune function and highlights 
the potential clinical value of regular chest CT scans in 
evaluating the efficacy of immunotherapy. Understanding 
the relationship between changes in thymus density 
and treatment outcomes in NSCLC patients receiving 
immunotherapy may have important implications for 
personalizing treatment approaches and improving patient 
outcomes.

Conclusions

Decreased thymic density is associated with increased OS 
in NSCLC patients treated with ICIs. This reduction in 
thymic density could potentially serve as a surrogate marker 
for thymic function, indicating heightened thymic and 
immune system activity. This finding could provide valuable 
insights for guiding the administration of immune drugs to 
patients or enhancing the efficacy of immunotherapy in the 
future.
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