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Introduction
Primary lung cancer is the most prevalent malignant 
tumor in China. Based on the GLOBOCAN 2020 data, 
China contributes to 37.0% of the global lung cancer inci-
dence and 39.8% of related deaths [1]. From pathological 
and therapeutic perspectives, lung cancer is categorized 
into non-small cell lung cancer (NSCLC) and small cell 
lung cancer, with NSCLC accounting for approximately 
80–85% of cases, including histological subtypes such as 
adenocarcinoma and squamous cell carcinoma. The stan-
dard treatment options for patients with NSCLC include 
radiotherapy and chemotherapy. These approaches 
typically suppress tumor cell proliferation or induce cell 
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Abstract
Background  This study details a case of a patient with advanced lung adenocarcinoma harboring an exon 19 
deletion in the EGFR gene.

Method  A 46-year-old female patient was diagnosed with stage IVb left lung adenocarcinoma, with multiple bone 
and lymph node metastases. Following the identification of tumor-specific antigen peptides, the patient received a 
combination treatment of immunotherapy (TSA-DC-CTL) and oral osimertinib. Peripheral blood circulating immune 
cells and circulating tumor cells (CTCs) were monitored before and after treatment. PET-CT and CT scans were used to 
assess the tumor response to treatment.

Results  A significant increase in total lymphocyte percentage and decrease in the number of CTCs in the patient was 
observed. Imaging studies showed a notable reduction in tumor metastases.

Conclusion  This report demonstrates the safety and efficacy of TSA-DC-CTL cell immunotherapy combined with 
osimertinib in the treatment of a patient with advanced lung adenocarcinoma with an EGFR exon 19 deletions. This 
study describes a promising new treatment option for patients with advanced lung cancer with EGFR mutations.
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death in a non-specific manner, often leading to unsatis-
factory outcomes. The five-year survival rate of patients 
remains low at only 15-20% [2, 3]. Targeted therapy and 
active immunotherapy offer personalized approaches 
to treatment. However, both treatments face challenges 
like drug resistance, which hinders sustained treatment 
response and long-term survival [4–6]. These issues 
underscore the necessity for better treatment strategies 
to bypass the limitations of existing treatments.

Cellular immunotherapy is a highly effective cancer 
treatment modality, representing the fourth major onco-
logical intervention following surgery, radiotherapy, and 
chemotherapy [7]. The primary function of dendritic cells 
(DCs) is to act as antigen-presenting cells. DCs captures 
and processes antigens, presenting them on their sur-
face via major histocompatibility complex (MHC) mol-
ecules to CD8 T cells, thereby activating T-cell immune 
responses [8]. The incomplete elimination of tumor 
cells by the immune system can lead to the persistence 
of “immune-edited” tumors. “Immune editing” is a cru-
cial concept describing the interaction between tumors 
and the host immune system. This concept explains 
why the immune system, despite being able to recognize 
and attack tumor cells, sometimes fails to completely 
eradicate them. Immune editing consists of three main 
stages: elimination (early cancerous cells are identified 
and cleared by the immune system), equilibrium (the 
immune system limits further tumor expansion, but 
tumor cells still survive), and escape (the tumor gradually 
grows, exhibits clear clinical features, and establishes an 
immunosuppressive tumor microenvironment to evade 
immune destruction). During the immune editing pro-
cess, tumor cells continuously evolve to escape immune 
surveillance [9]. Meanwhile, DCs form a rare immune 
cell population in tumors and lymphoid tissues, serving 
as central players in initiating antigen-specific immu-
nity and tolerance. In tumor cell immunotherapy, DCs 
act as a bridge by presenting tumor-specific antigens 
(TSAs) to T cells and providing immunoregulatory sig-
nals through cell contact and cytokines, thus promoting 
either immunity or tolerance [10–12]. However, in many 
tumors, the function of DCs may be impaired, leading to 
reduced antigen-presenting capacity and immune eva-
sion. Therefore, restoring or enhancing the function of 
DCs is a crucial strategy to improve the effectiveness of 
cancer immunotherapy [13]. The application of TSA-
loaded DC vaccines in cancer treatment has been exten-
sively studied in clinical trials [14]. Optimized DCs are 
used to activate specific cytotoxic T lymphocytes (CTLs) 
to effectively target and attack tumor cells, demonstrat-
ing significant potential in the process of immune edit-
ing [15]. This approach has shown promising clinical 
outcomes in patients with advanced solid tumors. There-
fore, it is essential to further explore the combination of 

oncogene-targeted therapy with TSA-DC-CTL immuno-
therapy targeting tumor neoantigens as an effective treat-
ment strategy for unresectable stage III NSCLC.

In this study, we report a case of advanced lung ade-
nocarcinoma with EGFR exon 19 deletion who received 
TSA-induced in vitro expanded DC and CTL adoptive 
cellular immunotherapy combined with third-generation 
EGFR-TKI osimertinib in February 2022.

Method
The patient and the treatment plan
The patient, a 46-year-old female, began experienc-
ing bone pain in March 2021. In October 2021, symp-
toms of hemoptysis and persistent bone pain emerged, 
and she showed no improvement until December of the 
same year. She sought medical attention on January 10, 
2022, at an external hospital where a CT scan indicated 
a left lung mass. Subsequent PET-CT examination and 
biopsy for rapid pathology confirmed lung adenocar-
cinoma on February 7, 2022. PET-CT results revealed 
multiple bone and lymph node metastases, leading to a 
clinical diagnosis of stage IVb cancer. On February 11, 
2022, the patient underwent NGS genetic testing, which 
detected an exon 19 deletion in the EGFR gene (EGFR 
E746_A750del mutation). Physical examination showed a 
Karnofsky Performance Status (KPS) score of 60, marked 
lethargy, significant chest tightness, and shortness of 
breath. The patient declined intravenous chemotherapy. 
After thorough communication with the patient and her 
family, a comprehensive treatment plan combining cel-
lular immunotherapy (TSA-DC-CTL) with the targeted 
drug osimertinib was adopted. This research protocol 
was approved by the Ethics Committee of Jiangsu Cancer 
Hospital, and the patient signed a written informed con-
sent form.

Tumor-specific antigen peptide detection
A 5 mL blood sample was collected from the patient, and 
blood cells were separated from plasma through cen-
trifugation. The serum sample was treated with a protein 
precipitant (acetic anhydride) to enrich low-abundance 
proteins. The extracted proteins were digested with tryp-
sin and a solid-phase extraction was used to purify and 
concentrate the peptides which were separated by high-
performance liquid chromatography. The separated pep-
tides were then subjected to mass spectrometry (MS) 
analysis.

Tumor marker detection was carried out in the UPLC/
MSE mode, collecting sample spectra under the condi-
tion of a detection limit > 10 ppb to obtain primary spec-
tra. The primary MS was set with a Match value ≥ 500, 
and the analysis filtered for target ions. The candidate 
target ions were further fragmented in secondary MS 
(MS/MS), generating a series of fragment ions. MS/MS 
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data were collected and analyzed using a software to 
identify the amino acid sequence of the peptides. These 
sequences were compared with a known database of 
tumor-specific antigen targets to identify and confirm the 
target peptide fragments.

Preparation of DC and TSA-DC-CTL vaccine
Preparation of DC vaccine
(1) Peripheral blood was drawn from the patient to obtain 
blood-free specific protein peptides, which served as 
TSAs for loading onto DCs. (2) Separation of peripheral 
blood mononuclear cells (PBMCs): About 45 mL of blood 
was drawn and layered over a lymphocyte separation 
medium, followed by centrifugation to separate PBMCs. 
The PBMCs were then resuspended in a serum-free DC 
culture medium. (3) Isolation, directed induction, and 
expansion of DCs: PBMCs were cultured for adhesion for 
2–6 h to obtain DC precursors. Recombinant human IL-4 
(rh-IL-4) and GM-CSF were added to induce and expand 
DC precursors for 7–9 days. Mixed tumor antigens were 
added to sensitize and activate DCs. PD-L1 molecules on 
the surface of DCs were blocked, and the DC vaccine was 
harvested. The patient received the first infusion of DCs 
loaded with TSAs (before the infusion, peripheral blood 
was drawn a second time to prepare cells for the second 
sequential treatment; similarly, blood was drawn before 
the second infusion to prepare cells for the third sequen-
tial treatment).

Preparation of TSA-DC-CTL vaccine
The TSA-loaded DC vaccine was used to induce and 
expand tumor antigen-specific CTLs in vitro. On day 
8 of DC culture, a portion of the DCs was separated. 
These TSA-loaded DCs were co-cultured with T cells 
at a DC/T cell ratio of 1:20. Co-culture was stimulated 
with CD3 monoclonal antibodies pre-coated on plastic 
plates and expanded using IL-2. On days 14–16, the cells 
were infused into the patient via intravenous injection 
over three consecutive sequential sessions, with approxi-
mately (0.5–1) × 1010 CTL cells. The viability of CTL cells 
must exceed 90% to meet the requirements for therapeu-
tic applications.

Total lymphocyte detection
Flow cytometry was used to detect the proportion 
of total lymphocytes. Whole blood samples from the 
patient were collected, and red blood cells were removed 
using hemolysin. Cells were stained using fluorescently 
labeled antibodies targeting lymphocyte surface markers. 
The stained cells were then analyzed using a flow cytom-
eter. Data were collected and analyzed using a special-
ized software to determine the number and proportion of 
total lymphocytes among white blood cells.

CTC cell detection
Advanced immunofluorescence in situ hybridization 
technology was employed. Whole blood samples from 
the patient were collected by using a high-sensitivity, 
non-destructive negative CTC pre-treatment method 
(density gradient centrifugation) to maximize the 
retrieval of tumor cells from the blood. Tumor cells were 
enriched through an immunocapture method based on 
surface proteins. The enriched cells were then subjected 
to immunofluorescent staining to mark specific cell sur-
face proteins, differentiating CTCs from other blood 
cells. Fluorescence in situ hybridization was performed 
on the stained cells by using fluorescent probes target-
ing specific nucleic acid sequences to identify the genetic 
characteristics of the tumor cells. A fluorescence micro-
scope was used to observe and analyze the fluorescent 
signals of the cells, to comprehensively assess the status 
of the CTCs, including their nucleic acid and protein 
expression and cellular morphology. Images under the 
microscope were collected and quantitatively analyzed 
using specific software to determine the number of 
CTCs.

Results
Tumor-specific antigen peptide detection
Using peptide enrichment and purification combined 
with liquid chromatography-MS (LC-MS) analysis, 
four lung-derived tumor-specific antigen peptides were 
identified (designated as NS-12AP10, NS-17AP10, NS-
19AP10, and NS-30AP10; Fig.  1A), revealing the pres-
ence of free tumor-specific antigens in the patient’s 
peripheral blood serum. The monitoring data can guide 
the synthesis of specific antigen peptides to be used for 
DCs, thereby enabling the ex vivo induction and expan-
sion of personalized DCs and CTLs.

Treatment process
The patient began oral administration of the third-gener-
ation targeted drug osimertinib (trade name: Tagrisso) at 
a dosage of one pill (80 mg) daily starting on February 22, 
2022, which was marked as Day 0. She received injections 
of the DC vaccine on the 3rd day, 14–15th day, 23rd–
24th day, 100th–101st day, 117th day, and 137th–138th 
day. Additionally, she was injected with TSA-DC-CTL on 
the 8th–9th day, 22nd–23rd day, 29–30th day, 108–109th 
day, 135–136th day, and 146–147th day (Fig. 1B-a). The 
patient completed two treatment cycles of TSA-DC-CTL 
therapy and continuously took osimertinib during this 
period of time.
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Fig. 1  Tumor-specific antigen peptide detection and TSA-DC-CTL vaccine combined with osimertinib treatment process. A: Mass spectrometry of tu-
mor-specific antigen peptides. (a) Primary mass spectrum. The primary mass spectrum was set with a Match value ≥ 500. The analysis screened target 
parent ions, and four matching candidate parent ions were compared with the target mass spectrum library. (b-e) Secondary mass spectrum. The can-
didate target ions were individually subjected to secondary mass spectrometry fragmentation analysis to obtain secondary spectra. By comparing with 
a known database, the spectra were identified as tumor-specific antigen peptides NS-12AP10 (b), NS-17AP10 (c), NS-19AP10 (d), and NS-30AP10 (e), all 
of which are specific targets for NSCLC. B: (a) TSA-DC-CTL combined with osimertinib treatment. The TSA-DC-CTL vaccine administration began 3 days 
after the first dose of osimertinib. (b) Changes in peripheral blood circulating immune cells and circulating tumor cells (CTCs) during treatment (the refer-
ence range for the total lymphocyte percentage is 23.7–37.1%; the reference range for CTCs is 0–2 cells). The dashed lines represent the two peak values 
reached by the total lymphocyte percentage on Day 45 and Day 126, as well as the reduction of CTCs to 1 cell. TSA, tumor-specific antigen; DC, dendritic 
cell; CTL, cytotoxic T lymphocyte

 



Page 5 of 10Han et al. Molecular Cancer          (2024) 23:163 

Changes in observation indicators before and after TSA-
DC-CTL combined with osimertinib treatment
Improvement in KPS score
After two treatment cycles of TSA-DC-CTL combined 
with osimertinib, the patient showed improved well-
being, with significant alleviation of symptoms such as 
chest tightness, shortness of breath, cough, and sputum 
production. The patient also reported a slight relief in 
back pain. The KPS score improved from 60 before treat-
ment to 80 post-treatment.

Peripheral blood circulating immune cells and CTC test results
The patient’s total lymphocyte percentage showed a 
marked upward trend as the treatment progressed. 
Before the treatment, the total lymphocyte percentage 
was 13.3%, which was below the normal reference range 
(23.7–37.1%). After completing the first treatment cycle, 
the total lymphocyte percentage reached its first peak 
of 28.9% (Day 45); during the second treatment cycle, it 
reached a second peak of 33.0% (Day 126). The results are 
shown in Fig. 1B-b.

In terms of CTC test, 18 CTCs were detected in the 
patient’s peripheral blood during the first treatment 
cycle. After completing the first treatment cycle, the 
number of peripheral blood CTCs decreased to 1 (Day 
45). After completing the second treatment cycle, the 
number of peripheral blood CTCs was 2 (Day 188). The 
results are shown in Fig. 1B-b.

Preparation of TSA-DC-CTL
We performed quality control on the cultured CTL 
cells using flow cytometry. Total T cells were labeled 
with CD3 antibodies, and CTL cells were labeled with 
CD3 and CD8 antibodies. Quantitative results showed 
that CD3 + T cells accounted for 98.62% of the total 
lymphocytes in the cultured samples, with CTL cells 
(CD3 + CD8 + T cells) accounting for up 90.45% (Fig.  2). 
The viability of CTL cells was greater than 90%, meeting 
the requirements for therapeutic applications.

DC and T cell morphology
Before receiving TSA-DC-CTL combined with osimer-
tinib treatment (Day 0), under a 10× microscope, the 
patient’s DCs appeared round or slightly irregular, indi-
cating that they were resting or in the early stages of 
induction and differentiation. There were few T cell 
differentiation colonies, and no apparent signs of an 
immune response were observed. After TSA-DC-CTL 
combined with osimertinib treatment (Day 45 and Day 
453), a significant increase in the number of DCs was 
noted. They exhibited enhanced elongation and mature 
morphology, with long protrusions crucial for inter-
actions between DCs and T cells. T cell production 
was normal and the differentiation colonies increased. 
Observable dead lymphocytes and cell fragments can be 
seen, resulting from intense immune reactions leading to 
cell death. Active T cell responses are evident, character-
ized by cell clustering, indicating the activation of T cells 
and their engagement in antigen-specific attacks or inter-
actions (Fig. 3).

Fig. 2  Flow cytometry was used for quality control of CTL cells cultured in vitro
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Post-combination therapy: disappearance of bone and 
lymph node metastatic lesions
The patient underwent a whole-body PET and CT scan 
after fasting for over 6  h and receiving an intravenous 
injection of a contrast agent. PET and CT images were 
displayed in multiple planes and frames. The initial 
whole-body PET-CT images (Day 0) showed multiple 
abnormal concentration foci in the C4 vertebra, right 8th 
rib, left ilium, left acetabulum, and right femoral head, 
with a maximum SUV (SUVmax) of 9.2. We found evi-
dence of bone destruction in the right 8th rib. Multiple 
high-uptake lymph nodes were observed in the bilateral 
clavicular regions, mediastinum (zones 2R, 4R/L, 5, and 
7), and left hilum. After completing two treatment cycles 
of TSA-DC-CTL combined with osimertinib (Day 59 
and Day 190), increased bone density was noted in the 
C4 vertebra, right 8th rib, left ilium, left acetabulum, and 
right femoral head, with no abnormal radiotracer distri-
bution observed. No increased glucose metabolism was 
found in the right clavicle, mediastinum, or left pulmo-
nary hilum (Fig. 4A).

Significant reduction of left lung mass after combined 
therapy
The pretreatment CT images of the patient showed a 
tumor in the anterior basal segment of the left lower 
lobe of the lung, measuring approximately 3.2 × 2.4  cm 
(Fig. 4B-a). After completing the first cycle of TSA-DC-
CTL combined with osimertinib treatment (Day 105), 

CT images revealed a reduction in the size of the tumor 
in the anterior basal segment of the left lower lobe to 
approximately 1.6 × 0.9 cm (Fig. 4B-b). After the comple-
tion of the second treatment cycle (Day 147), the tumor 
in the anterior basal segment of the left lower lobe fur-
ther shrank to 1.0 × 0.9 cm (Fig. 4B-c).

Discussion
The scope of tumor immunotherapy is broad, encom-
passing active immunotherapy, cytokine immunother-
apy, immune checkpoint inhibitor therapy, and immune 
cell therapy. Renowned international immunotherapy 
expert Rosenberg believes [16] that adoptive immune 
cell therapy has unique advantages compared with other 
immunotherapies that overly rely on the patient’s innate 
immune functions. Cell-based immunotherapy primarily 
includes three categories: (1) Non-specific cell immuno-
therapy: this strategy is currently widely used in clinical 
applications, such as cytokine-induced killer cells (CIKs), 
DC-CIK, or natural killer (NK) cells [17–19]. However, 
their efficacy against recurrent and refractory tumors 
is limited. (2) Specific cell immunotherapy: this strat-
egy utilizes non-personalized, common tumor antigens 
and unselected groups of tumor antigens to obtain DC, 
DC-CTL, and TIL for treatment. It has shown signifi-
cant effectiveness in some patients with advanced-stage 
cancers [20, 21]. However, the intensity of the immune 
response is limited because of the non-specific nature 
of the antigens [22], and it can induce immune diseases 

Fig. 3  TSA-DC-CTL vaccine plus osimertinib treatment mediated rapid regression of CTC cells and recovery of the total lymphocyte fraction. (A) Direc-
tional induction of DC (50 μm); (B) T cell immune response morphology (100 μm)
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Fig. 4  PET-CT and CT were used to examine the regression of the lesions after treatment with TSA-DC-CTL vaccine combined with Osimertinib. A: 
Representative images of bone and lymph node metastases examined by PET-CT before and after treatment. a: The whole body picture. b: C4 vertebral 
body. c: Right 8 ribs. d: Left iliac crest. e: Right clavicle. B: Comparison of CT imaging of lung lesions. A: The patient did not start any treatment (Day 0); B: 
Patient after completion of the first course of TSA-DC-CTL plus osimertinib (Day 105). C: After completion of the second course of treatment (Day 147)
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in patients, leading to adverse reactions such as allergies 
and fever. (3) Precision T cell immunotherapy: TSAs aris-
ing from specific gene mutations in tumors that can be 
presented on the surface of tumor cells, enhancing the 
binding capacity of T cells with MHC molecules. Preci-
sion cell immunotherapy entails the acquisition of TSAs 
that are specific to cancer cells, along with highly respon-
sive precision T cells. These T cells are then expanded 
and utilized for precise immunotherapy in patients with 
tumors. This method has specific immune benefits, and 
T cells specifically recognize TSAs, avoiding damage to 
normal tissues [23, 24].

Robbins and colleagues developed a novel exome 
sequencing technique and an MHC molecule–antigen 
epitope affinity algorithm. They identified new antigens 
in patients with melanoma who showed progression after 
specific CTL therapy. These new antigens are capable of 
eliciting an effective T-cell response [25]. Tran and oth-
ers discovered that tumor-infiltrating lymphocytes (TILs) 
from patients with metastatic cholangiocarcinoma con-
tain CD4 + helper T cells that recognize mutations in 
the ERBB2 interacting protein expressed by cancer cells. 
TILs, containing about 25% mutation-specific multifunc-
tional T(H)1 cells, were transferred adoptively. Following 
the transfer, the patient experienced a decrease in the size 
of their target lesions, leading to an extension of the dis-
ease stabilization period [26].

The efficacy of TSA-DC-CTL immunotherapy in low-
immunogenic solid tumors is still under exploration. For 
metastatic cancers with a high tumor burden and low 
KPS scores, if vaccine-induced epitope spreading fails to 
occur, the presence of epitope editing and clonal selec-
tion may result in suboptimal vaccine efficacy. In such 
cases, combination therapy may hold unique value. The 
patient in this study had advanced NSCLC with EGFR-
sensitive mutations, and suffered from multiple vertebral 
and weight-bearing bone metastases and low KPS scores, 
making her unable to tolerate systemic chemotherapy. 
According to both domestic and international guidelines, 
the first-line preferred treatment option is EGFR TKI tar-
geted therapy. Currently, first-line options include first, 
second, and third-generation EGFR TKIs. However, the 
development of resistance to EGFR TKI is inevitable. The 
third-generation EGFR TKI, osimertinib, can effectively 
and selectively inhibit both EGFR-TKI-sensitive muta-
tions and the EGFR T790M resistance mutation, over-
coming resistance issues that arise after treatment with 
the first- and second-generation EGFR TKIs. It is used 
to treat advanced or metastatic NSCLC [27–29]. Stud-
ies have reported that patients with metastatic NSCLC 
harboring EGFR mutations treated with first- and sec-
ond-generation TKIs have a higher incidence of bone 
metastases and skeletal-related events [30, 31]. Osimer-
tinib has demonstrated the longest overall survival (OS) 

for first-line monotherapy and has a favorable safety 
profile [32]. It has received the highest level of recom-
mendation from four major authoritative guidelines both 
domestically and internationally. However, resistance 
to osimertinib is inevitable, with diverse mechanisms 
including EGFR pathway mutations, bypass activation, 
and histological transformation [33–35]. Preclinical stud-
ies have shown that a small number of resistant cells usu-
ally exist in tumors before the use of osimertinib. After 
using osimertinib, sensitive cells undergo apoptosis, 
while resistant cells survive and proliferate, leading to the 
development of resistance [36, 37]. Therefore, combina-
tion therapy to delay the onset of resistance is important, 
which is the rationale behind our choice to combine cell 
immunotherapy with EGFR TKI treatment.

Before undergoing cell immunotherapy, the patient 
was tested for tumor-associated specific protein bio-
markers in serum at the peptide level via peptide enrich-
ment purification combined with LC-MS. This method 
targeted 322 markers associated with 19 types of solid 
tumors. The results identified four lung-derived tumor-
specific antigen peptides, all of them are specific targets 
for NSCLC. By analyzing the antigen information using 
molecular biology techniques, specific antigenic epitopes 
were identified, and peptides capable of binding with 
MHC class molecules and T-cell receptors were synthe-
sized [38]. These peptides were co-cultured in vitro with 
DCs. The co-culture of DCs and T cells subsequently 
activated antigen-specific CTL cells.

During treatment with TSA-DC-CTL plus osimertinib, 
the patient did not experience any adverse reactions 
such as allergic reactions or fever, and the blood status 
remained stable. The KPS score improved significantly 
from 60 to 80. In cancer therapy, the change in the pro-
portion of total lymphocytes is an important indicator 
for the patient’s immune status and response to treat-
ment. A low lymphocyte count (lymphopenia) is usually 
associated with poor prognosis, whereas an increase in 
lymphocyte count may indicate activation of the immune 
system and an enhanced antitumor response. This patient 
showed a notable upward trend in the total lymphocyte 
percentage throughout the treatment. It increased from 
13.3% at the beginning of the treatment returned to the 
normal range of 33%. These results indicated a restora-
tion of immune function and a positive response to the 
treatment. Additionally, morphological results of DCs 
and T cells showed that the number of DCs significantly 
increased after treatment, T cell production was normal, 
and differentiated colonies increased, indicating a normal 
immune response. These results reflected an improve-
ment in the patient’s general immune function.

The change in CTC count is widely used as a nonin-
vasive biomarker to monitor the effectiveness of cancer 
treatment and the prognosis of patients [39, 40]. In this 
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study, the patient’s mid-treatment CTC count decreased 
from 18 at the beginning of the treatment to 1. The reduc-
tion in peripheral blood CTCs may be associated with the 
specific immune targeted killing of tumor cells, reflecting 
a reduction in tumor burden. This phenomenon is gen-
erally indicative of a positive treatment outcome and is 
associated with a favorable clinical prognosis. The above 
results demonstrate that TSA-DC-CTL immunotherapy 
significantly impacts the patient’s immune response. 
Osimertinib primarily inhibits tumor cell proliferation 
and promotes apoptosis by suppressing the EGFR sig-
naling pathway. These immune-related changes are typi-
cally not a direct result of EGFR-TKI action. However, 
the reduction in tumor burden may indirectly enhance 
the overall immune status of the patient [41, 42]. A study 
in animal models have shown that EGFR-TKIs (Osimer-
tinib) cause tumor shrinkage accompanied by CTL infil-
tration [43], indicating that EGFR-TKIs can influence 
the tumor immune microenvironment. EGFR-TKIs may 
increase CTL infiltration through several mechanisms. 
EGFR inhibition can reduce the production of immuno-
suppressive cytokines and growth factors by tumor cells, 
creating a more favorable environment for immune cell 
infiltration [44, 45]. Additionally, the apoptosis of tumor 
cells induced by EGFR-TKIs can release tumor antigens, 
which can be taken up by DCs and presented to CTLs, 
enhancing the immune response. TSA-DC-CTL immu-
notherapy involves using TSA-loaded dendritic cells to 
activate CTLs. When combined with Osimertinib, the 
increased presence of CTLs in the tumor microenviron-
ment may enhance the efficacy of immunotherapy. This 
combination approach can potentially result in a more 
robust and targeted immune response against the tumor.

Regarding radiological assessment, post-treatment 
PET-CT scans of the patient exhibited a reduction or 
disappearance of glucose metabolism in multiple bone 
and lymph node metastatic lesions, in comparison to the 
pre-treatment scans. This indicates a positive response 
to the therapy after two treatment courses. This find-
ing indicated a reduction or disappearance of metabolic 
activity in tumor cells, suggesting an improvement in the 
patient’s condition. Chest CT scans revealed a significant 
reduction in the size of the lesion in the anterobasal seg-
ment of the left lower lobe of the lung. This reduction 
improved the patient’s respiratory function and quality of 
life.

To summarize, the combined treatment in this case not 
only demonstrated the tumor growth inhibition effects of 
EGFR-TKI but also highlighted the unique role of TSA-
DC-CTL immunotherapy in activating and enhancing the 
patient’s immune system. This synergistic effect may be 
a crucial factor contributing to the significant improve-
ment in the patient’s clinical outcomes. While the safety 
and short- and long-term efficacy of TSA-DC-CTL as a 

first-line treatment warrant additional investigations, 
our study provides a reference for clinically managing 
patients with unresectable late-stage lung cancer with 
EGFR gene mutations. Although the results of this single-
case study are promising, the presented data concern-
ing a single case of contemporary combined treatment 
are not sufficient to attribute specific therapeutic values 
to the added component in a field with many individual 
variables of clinical outcome. Further research involv-
ing larger cohorts is necessary in the future to determine 
the generalizability of these findings and to better under-
stand the specific contributions of TSA-DC-CTL immu-
notherapy when used in combination with Osimertinib.
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