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Abstract. This article presented a case of a human leukocyte 
antigen (HLA)‑A2‑positive patient with advanced cancer/testis 
antigen New York esophageal squamous cell carcinoma-1 
(NY‑ESO‑1) expressing lung adenocarcinoma (LADC) who 
received adoptive cell therapy of T cell receptor engineered‑T 
cells (TCR‑T cells) targeting the cancer‑testis antigen 
NY‑ESO‑1. The appropriate clinical and laboratory assessments 
were conducted to investigate the safety and efficacy of this 
therapy for this lung cancer patient. The patient had a clinical 
response to and was well‑tolerated with this therapy in the 
clinical trial. In addition, a preliminary evaluation of the safety 
of NY‑ESO‑1 TCR‑T cell therapy was performed in four 
patients with non‑small cell lung cancer (NSCLC) enrolled in 
a clinical trial. It was well‑tolerated and did not observe any 
serious adverse events post‑infusion. Fever, anemia, and a 
decrease in white blood cell count were common adverse events, 
which were likely due to the TCR‑T cell therapy. Two patients 

had clinical responses to NY‑ESO‑1 TCR‑T cell therapy, 
including the 44‑year‑old female patient with LADC, who 
achieved a short‑term partial response for 4 months, improved 
in Karnofsky performance status, and had a recovery of drug 
sensitivity. This suggests that TCR‑T cell therapy targeting 
NY‑ESO‑1 antigen may be beneficial for HLA‑A2‑positive 
late‑stage patients with NY‑ESO‑1‑expressing NSCLC.

Introduction

Lung cancer is a leading cause of cancer deaths worldwide (1), 
while non‑small cell lung cancers (NSCLCs) accounting for 
>80% of all lung cancer cases (2,3). NSCLC can be categorized 
into three major histologic subtypes: Lung adenocarcinoma 
(LADC), lung squamous cell carcinomas (LSCC) and large 
cell lung cancer (LCLC). Among them, LADC is the most 
commonly occurring subtype  (3). Patients with advanced 
NSCLC (stage IIIb and IV) have no surgical treatment options 
available and will be treated with systemic therapeutics, 
including radiation therapy, chemotherapy, target therapy and 
immunotherapy (3). However, chemotherapy and radiation 
therapy have high incidences of severe side effects. The most 
of therapies targeted lung cancer mutatuion driver genes (such 
as mutations in EGFR, KRAS, HER2, BRAF, RET, ROS1 and 
ALK) have eventually failed due to drug resistance (4). Many 
clinical trials using immune checkpoint blockade therapy have 
shown impressive and durable clinical benefits in lung cancer, 
and in other human cancers (5‑8). However, the majority of 
lung cancer patients fail to respond to the checkpoint immuno-
therapy (9). Therefore, new immunotherapeutic strategies are 
urgently needed for those who fail to respond to the immune 
checkpoint therapy. Recently, cancer‑specific T cells have been 
further developed to eradicate cancer cells (10). Adoptive cell 
therapy (ACT) using cultured autologous tumor‑infiltrating 
lymphocytes (TILs) can induce a clinical response in cancer 
patients, even in those who have previously experienced treat-
ment failure with other immunotherapies (11,12). However, 
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it remains a challenge to generate tumor‑reactive TILs from 
tumor tissues.

Genetic engineering enables the creation of T cells 
expressing chimeric antigen receptors (CARs) that recognize 
tumor membrane antigens, or T cell receptors (TCRs) recog-
nizing tumor membrane and intracellular antigens presented 
by specific major histocompatibility complex (MHC) mole-
cules (10,13). These approaches redirect the antigen specificity 
of T cells for in  vitro expansion, and thus help overcome 
practical barriers that limit the widespread use of TILs (14,15). 
Notably, chimeric antigen receptor‑engineered T cells (CAR‑T 
cells) targeting B‑cell lineage differentiation antigen CD19 
have acheived impressive clinical response rates (16‑18). A 
great effort has been made to use CAR‑T immunotherapy 
to treat patients with solid cancers. However, such a CAR‑T 
therapy has poor clinical response in solid tumor due to the 
tumor microenvironment and the lack of suitable cell‑surface 
targets that specifically expressed on tumor cells (19).

Cancer specific antigens/targets, which are supposed to 
express in cancer cells but not in normal cells, play a vital role 
in a successful cancer immunotherapy. Unfortunately, there 
are few cancer specific antigens available as useful targets for 
immunotherapy in solid tumor. Cancer‑testis antigens are iden-
tified as attractive immunotherapy targets in many cancers due 
to their high expression in a variety of malignant neoplasms, 
but lack of expression in normal adult tissues with the excep-
tion of normal testis. However, male germ cells do not express 
human leukocyte antigen (HLA) class I molecular, and thus 
are immunologically protected  (20‑22). Moreover, expres-
sion of some cancer‑testis antigens in tumors could induce 
specific humoral and cellular immune responses in cancer 
patients  (21,23). A recent study shows that TCR‑modified 
CD4+ T cells targeting cancer‑testis antigen MAGE‑A3 
objectively respond to metastatic cancers, including meta-
static cervical cancer, esophageal cancer, urothelial cancers 
and osteosarcoma (19). The cancer‑testis antigen NY‑ESO‑1 
is one of the most promising candidate targets for immuno-
therapy due to the strong associated immunogenicity (24‑28). 
The clinical importance of NY‑ESO‑1 in T cell therapy has 
been supported from a case study that a patient with refrac-
tory melanoma treated with autologous NY‑ESO‑1‑specific 
CD4+ T cells stimulated with NY‑ESO‑1 peptide achieved a 
long‑term complete remission (29). Subsequent studies using 
ACT with NY‑ESO‑1 TCR‑engineered T cells (TCR‑T cells) 
could effectively mediate tumor regression in melanoma and 
synovial cell sarcoma, as well as multiple myeloma with well 
tolerance (13,14,30,31). However, the safety and efficacy of 
NY‑ESO‑1 TCR‑T cells in lung cancer remain unknown.

NY‑ESO‑1 antigen is expressed in 11.8‑21% of 
NSCLCs (25,32,33), and serum anti‑NY‑ESO‑1 antibody has 
been detected in 13‑20% patients with lung cancers (34,35) 
and in 23% patients with NSCLC (35). NY‑ESO‑1 has already 
been shown as a promising target for cancer immunotherapy 
with good safety and efficiency  (13,30,31). Therefore, we 
choose the NY‑ESO‑1 as an ideal target for TCR‑T cells in our 
study. In the present study, four patients with NSCLC enrolled 
in the clinical trial (NCT02457650) that aims at preliminarily 
evaluating the safety and feasibility of NY‑ESO‑1 TCR‑T 
cell therapy for HLA‑A2‑positive patients with NY‑ESO‑1 
antigen‑expressing malignancies revealed well tolerance. 

Here, we reported that a female patient with advanced LADC 
revealed a partial response (PR, 4 months) with NY‑ESO‑1 
TCR‑T cell therapy without evident toxicity.

Patients and methods

Patients and clinical trial design. Patients, aged one year and 
older, expressing HLA‑A2 with NY‑ESO‑1 antigen‑expressing 
solid tumors refractory to standard treatment, were enrolled 
into the present clinical trial. We recruited four subjects with 
NSCLC in our preliminarily study on TCR‑T cell therapy. 
More than 30% of cells in patients' tumor specimen were 
stained with at least >1+ intensity for NY‑ESO‑1 antigen 
expression when immunohistochemical (IHC) staining was 
performed using anti‑NY‑ESO‑1 monoclonal antibody (Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA.). Staining inten-
sity was graded as 1+, weak staining; 2+, moderate staining; 
and 3+, strong staining. A lymphodepleting chemotherapy 
regimen prior to adoptive T cell infusion has been shown 
to dramatically enhance the persistence of the transferred 
cells and improve anticancer effects (36,37). In addition, the 
lymphodepleting chemotherapy regimen may deplete Treg 
cells and other suppressive cells in the circulation and the 
tumor micro environment, thus enabling the survival and 
amplification of adoptively transferred T cells to achieve 
effective killing of cancer cells (38). In the current study, a 
lymphodepleting chemotherapy regimen consisting of cyclo-
phosphamide (CTX; 30 mg/kg/d for 2 days) and fludarabine 
(Flud; 25 mg/m2/d for 3 days) was purposed to be adminis-
trated to patients prior to the NY‑ESO‑1 TCR‑T cell infusion. 
A previous study reported that the patients receiving a median 
of 5x1010 T cells transduced with an anti‑NY‑ESO‑1 TCR 
(range of 1.6 to 130x109) achieved objective clinical responses 
with good safety in metastatic synovial cell sarcoma and 
melanoma (14). In the current study, total T cells at a median 
of 7.16x109 cells (range of 1.67‑10.60x109 cells, transfection 
rate between 36.6% and 96.6%) were intravenously infused in 
one to three days with interleukin (IL)‑2 (Beijing Shuanglu 
Pharmaceutical Co Lt., Beijing, China) administrated subcu-
taneously for the following consecutive 14 days (typically, 
0.8‑2.0 MIU/d) according to patient tolerance. This clinical 
trial was conducted in Shenzhen Second People's Hospital and 
approved by the Medical Ethics Committee of the Institutional 
Review Board of the Shenzhen Second People's Hospital. All 
procedures performed in studies involving human participants 
were in accordance with the ethical standards of the insti-
tutional and/or national research committee and meets the 
standards of the Declaration of Helsinki in its revised version 
of 1975 and its amendments of 1983, 1989, and 1996 [JAMA 
1997; 277:925‑926]. All patients enrolled in the trial provided 
written informed consent.

T cell transduction and quantitative real‑time PCR analyses. 
Patient peripheral blood mononuclear cells (PBMCs) were 
collected via leukopheresis. Then, PBMCs were stimulated 
using 50 ng/ml anti‑CD3 antibody (OKT3; Ortho‑Biotech, 
Bridgewater, NJ, USA) and 300  IU recombinant IL‑2 
(Peprotech, UK), followed by transduction with retro-
viral vector carrying nucleic acid sequences encoding an 
HLA‑A2 restricted TCR recognizing NY‑ESO‑1:157‑165 



ONCOLOGY LETTERS  16:  6998-7007,  20187000

epitope (30,39,40). The transduced cells were then expanded 
in  vitro before being adoptively transferred as previously 
described (41). Clinical grade retroviral supernatants produced 
under good manufacturing practice (GMP) conditions were 
obtained from the Shenzhen Institute for Innovation and 
Translational Medicine (Shenzhen, China). IFN‑γ released by 
the TCR‑T cells was measured based on recognition of tumor 
cell line Mel 624 (HLA‑A2+ and NY‑ESO‑1+), which had been 
established in the Surgery Branch, National Cancer Institute 
from resected tumors (42,43) as described previously (14,40). 
Co‑incubation of TCR‑T cells with Mel 586 (HLA‑A2‑ and 
NY‑ESO‑1+) was used as a negative control. Mel 624 or Mel 
586 cells (5x104 cells/well) were seeded in 96‑well cell culture 
plates with medium, respectively, and incubated overnight. 
The culture medium was replaced with fresh ones containing 
TCR‑T cells. After co‑incubation for 18 h, IFN‑γ released in 
supernatant was measured by enzyme‑linked immunosorbent 
assay (ELISA). The persistence of NY‑ESO‑1 specific TCR‑T 
cells in vivo was evaluated by quantitative real‑time PCR 
of samples of whole blood at serial time‑points before and 
after cell infusion. Genomic DNA was isolated from whole 
blood samples using QIAamp DNA blood midi kits (Qiagen, 
Inc., Valencia, CA, USA) and quantified by spectropho-
tometer. The qPCR analyses were performed as previously 
described  (31,44‑46) using ABI 7900HT Real‑Time PCR 
System (Thermo Fisher Scientific, Inc., Waltham, MA, USA).

T cell tracking and cytokine detection. The following anti-
bodies (BD Biosciences, Franklin Lakes, NJ, USA) were used 
to identify T cells: CD4‑PE, CD8‑FITC, CD25‑FITC, and 
CD28‑PE. Flow cytometry was performed using a BD Accuri™ 
C6 personal flow cytometer (BD Biosciences) and data were 
analyzed using FlowJo software (Tree Star, Ashland, OR, 
USA). Cytokine secretion was evaluated by V‑PLEX Human 
Cytokine 30‑Plex kit with measurements by MESO QuickPlex 
SQ 120 (Meso Scale Discovery, Rockville, MD, USA).

Results

Patients and clinical assessment. A total of four 
HLA‑A2‑positive patients with NY‑ESO‑1+ metastatic 
NSCLC received lymphodepleting chemotherapy and then 
were adoptively transferred with NY‑ESO‑1 TCR‑T cells and 
coupled with systemic IL‑2 administration. Clinical symptoms 
experienced by the patients and administration of total T cells 
were listed in Table I. It was revealed that co‑incubation of 
TCR‑T cells with Mel 624 cells induced the release of IFN‑γ at 
a median of 3,409 pg/ml, compared to <100 pg/ml in control. 
All patients with metastatic NSCLC treated with given stan-
dard treatments experienced disease progression before being 
enrolled in the trial. Patients 1 and 2 independently received 
three and two courses of infusion, respectively, while patients 3 
and 4 received just one course of infusion. Patient 1 exhibited 
stable disease (SD) for nearly 3 months after adoptive transfer 
of NY‑ESO‑1 TCR‑T cells based on Response Evaluation 
Criteria in Solid Tumors (RECIST) 1.1 criteria (Table  I). 
Patient 2 experienced a PR lasting 4  months after treat-
ment. Patients (3 and 4) failed to have an observable clinical 
response after infusion of TCR‑T cells. Adverse events prob-
ably related to NY‑ESO‑1 TCR‑T cell therapy in four patients 

with NSCLC were listed in Table II, and toxicities were graded 
according to NCI CTCAE version 5.0 (November 27, 2017). 
All patients experienced transient anemia (≤grade 2) and white 
blood cell decrease (≤grade 3) which were probably induced 
by the preparative lymphodepleting chemotherapy. These 
symptoms were relieved after symptomatic treatment, such as 
granulocyte‑colony stimulating factor (G‑CSF) infusion and 
blood transfusion. Three patients exhibited fever (≤grade 3) 
after administration of IL‑2 and recovered upon thermoregula-
tion by themselves or through appropriated treatment. Of note, 
patient 4 had high fever (40.1˚C, grade 3) that was resolved by 
oral administration of anti‑fever medicine acetaminophen and 
cessation of IL‑2 in one hour. In addition, half of the patients 
exhibited fatigue, rash, nausea, vomiting and abdominal 
pain. However, it was difficult to draw general conclusions 
regarding to the clinical efficacy of anit‑NY‑ESO‑1 TCR‑T 
cells in NSCLC due to the small number of patients enrolled 
in the present study. Therefore, further clinical investigations 
with a large number of cancer patients are needed in the future 
to evaluate the safety and efficacy of anit‑NY‑ESO‑1 TCR‑T 
cell therapy for treatment of lung cancer.

Case report of responding patient. Herein, this study 
focused on reporting the NY‑ESO‑1 TCR‑T cell treatment 
in a recruited HLA‑A2 positive 44‑year‑old female patient 
(patient 2) with metastatic LADC carrying EGFR mutation. 
Her tumor did not respond to six cycles of combination 
chemotherapy (docetaxel and carboplatin) in February 2012. 
In July 2012, she was assessed as having progressive disease 
(PD) and started to receive treatment with gefitinib for her 
tumor carrying the EGFR mutation. Computed tomography 
(CT) scans showed stabilization of her primary lung tumor 
and liver metastases. However, in January 2015, a surveil-
lance CT scan revealed recurrent disease with new pleural 
and liver metastases. Treatment was then switched to erlo-
tinib. A follow‑up CT scan in September 2015 showed PD in 
the right pulmonary hilum, mediastinum, right pleura, right 
hepatic lobe, and liver capsule. There was no central nervous 
system or skeletal metastases. A bronchoscopic biopsy 
specimen of the right pulmonary tumor was analyzed by 
immunohistochemistry and stained strongly for NY‑ESO‑1 
(2+ staining; Fig. 1A). In November 2015, the patient was 
enrolled in a clinical trial (NCT02457650) assessing autolo-
gous T‑cell therapy for malignant tumors at the Department 
of Oncology in Shenzhen Second People's Hospital and the 
patient provided written informed consent.

A lymphodepleting chemotherapy regimen consisting of 
CTX (30 mg/kg/d for 2 days) and Flud (25 mg/m2/d for 3 days) 
was administrated on the patient 2 before the infusion of 
NY‑ESO‑1 TCR‑T cells. However, before the first infusion of 
TCR‑T cells, a syndrome of pain and hemoptysis aggravated 
after she received Flud treatment for one day. For the safety of 
patient 2, Flud treatment was discontinued for the following 
two days (Fig. 1B). NY‑ESO‑1 TCR‑T cells (3.07x109 total T 
cells; 2.97x109 TCR-T cells) were then infused over three days 
(day 0, 1 and 2) (Fig. 1B). Subsequently, IL‑2 was adminis-
trated according to the patient's physical condition over six 
consecutive days (Fig. 1B).

A CT scan obtained in day 43 after the first T cell infu-
sion revealed regression of the primary lung tumor and 
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liver metastases, absorption of hydrothorax and pulmonary 
re‑expansion (Fig. 2A). The primary pulmonary lesion size 
had reduced from 95x86x54 mm to 64x44x54 mm. The meta-
static liver lesion had also reduced from 19.8x19.6x20 mm 
to 10x10x10  mm. The therapeutic effect was assessed as 
PR according to RECIST 1.1. To further improve treatment 
efficacy, about one month later, patient 2 received lymphode-
pleting chemotherapy of CTX (30 mg/kg/d for 2 days) and 
Flud (25 mg/m2/d for 3 days), a second TCR‑T cell infusion 
(4.54x109 total T cells; 2.87x109 TCR-T cells) within two days 
(days 74 and 75), and then IL‑2 for eight consecutive days 
(Fig. 1B). However, the patient's disease had progressed when 
assessed about two months (day 138) after the second infusion 
(Fig. 1B). CT scans showed the lung tumor (94x88x56 mm) 
and liver metastases (17.3x16.2x20 mm) had progressed, and 
the hydrothorax recurred (Fig.  2A). In addition, emission 
computed tomography (ECT) revealed bone metastases. The 
efficacy evaluation was PD.

Levels of tumor biomarkers (CEA, CA125, and CA199) 
were decreased after the initial infusion of TCR‑T cells, but 
later increased. A similar pattern was seen after the second 
infusion of TCR‑T cells targeting NY‑ESO‑1 (Fig. 2B). The 
percentage of CD4+ T cells in the peripheral blood of the patient 
had increased by day 10 after the TCR‑T cell infusion, while 
the percentage of CD8+ T cells was decreased. Furthermore, 
there was a reduction in the CD8+CD28‑ subgroup in the 
blood samples, whereas the percentage of CD4+CD25+ in the 
peripheral blood had increased by 10 days after the T‑cell 
infusion. However, there were no obvious fluctuations in the 
proportion of CD8+CD28+cell (Fig. 2C). Of note, the patient 
had improvement in Karnofsky performance status (KPS) 
with a score from 50 to 90 post infusion, and resolution of 
hemoptysis and chest pain. These results indicate that TCR‑T 
cell treatment has improved the patient's clinical symptoms.

Laboratory assays were conducted to track the persistence 
of TCR‑T cells and examine related immunologic response 
in vivo. As shown in Fig. 3A, after the first infusion (peak 
value, 6784.48 copies/µg DNA), there was a rapid rise in the 
quantity of TCR DNA copies in the whole blood samples over 
2 weeks after the first infusion. This was followed by a rapid 
decline. Transduced DNA copies of the NY‑ESO‑1 specific 
TCR fluctuated between 330.1 and 166.8 copies per µg DNA 
at 4 weeks. Similar to the first infusion, the DNA copies of 
NY‑ESO‑1‑specific TCR reached high levels over the second 

week (peak value, 2362.02 copies/µg DNA) and then quickly 
declined over the fourth week after the second TCR‑T cell 
infusion.

Furthermore, patient serum cytokine levels were measured 
at serial timepoints before and after the cell infusion. 
IFN‑γ levels peaked at the second week after cell infusion 
(48.92 pg/ml post the first infusion, 47.63 pg/ml post the 
second infusion) and then gradually degraded to low levels 
(Fig. 3B). Serum cytokine concentrations of IL‑6, IL‑10, and 
granulocyte‑macrophage CSF (GM‑CSF) displayed little 
changes (data not shown).

ACT of TCR‑T cells was well‑tolerated by patient 2 and 
did not induce clinically apparent cytokine release syndrome 
(CRS). Although patient 2 had a fever (maximum temperature 
39.5°C, Grade 2) during and after the infusion, it was success-
fully resolved within three days. In general, there was no 
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clinical or laboratory evidences revealing SAEs during TCR‑T 
cell therapy for this patient. However, patient 2 suffered a 
relapse after the TCR‑T cell therapy and thus received six 
cycles of combination chemotherapy (docetaxel and carbo-
platin). Notably, she kept taking erlotinib before, during and 
after the clinical trial. As of October 10, 2017, the patient was 
still alive with SD.

Discussion

Cancer‑testis antigens, such as MAGE‑A3 and NY‑ESO‑1, are 
promising candidate targets for cell transfer‑based immuno-
therapies due to their specific expression patterns and strong 
immunogenicity (19,30,31). MAGE‑A3 antigen was previously 
thought to be a preferred target for immunotherapy of cancers, 
since its expression had been frequently detected in multiple 
types of tumors but limited in normal somatic cells (47,48). 
Nevertheless, adoptive transfer of TCR‑T cells targeting 
MAGE‑A3 antigen lead to deaths of two patients due to 
severe neurological toxicity in recent clinical trials (48). This 
may due to cross‑reactivity of TCR‑T cells with MAGE‑A12, 
which is expressed at the low level in the brain tissue (48). 
In addition, engineered T cells expressing affinity‑enhanced 
TCRs targeting MAGE‑A3 resulted in deaths of the first two 
patients in another preliminary clinical trial on melanoma and 
myeloma due to severe cardiac toxicity, which was confirmed 
by histopathological analysis of the T cell infiltration (47). The 
following in‑depth investigation in vitro shows that the off‑target 
and off‑tumor reactivities maybe due to the cross‑reactivity of 
MAGE‑A3 TCR‑T cells with the human protein titin, which is 
highly expressed in cardiac tissue (47,49,50).

NY‑ESO‑1 is one of the best cancer‑testis antigens for 
immunotherapy due to its strong immunogenicity and specific 
expression pattern. Early study of adoptive transfer of autologous 
CD4+ T cells sensitized to NY‑ESO‑1 peptide in vitro induced 
tumor regression of metastatic melanoma in 1 of 9 patients (29). 
Moreover, in a clinical trial conducted by Robbins et al, 11 of 
18 HLA‑A*0201‑positive patients with NY‑ESO‑1+ synovial 
cell sarcomas, and 11 of 20 HLA‑A*0201‑positive patients with 
NY‑ESO‑1+ melanoma achieved objective clinical responses 
following adoptive transfer of NY‑ESO‑1 TCR‑T cells (30). 
However, one patient with synovial cell sarcomas died three 
days following the adoptive transfer of NY‑ESO‑1 TCR‑T 
cells due to septic shock caused by Escherichia coli bacterial 
infection (30). In another study conducted by Rapoport et al, 
16 of 20 patients with myeloma revealed sustained clinical 
responses following NY‑ESO‑1 TCR‑T cell therapy (31). It was 
noted that SAEs likely related to treatment, including hypoxia, 
neutropenia, hyponatremia, hypotension, graft  vs.  host 
disease, pancytopenia, and dehydration, were resolved and 
no treatment related fatalities occurred (31). Meanwhile, no 
clinically apparent CRS occurred, with the exception of high 
IL‑6 levels (31). By contrast, CRS, which could be potentially 
life‑threatening, was frequently occurred (93%) in 94 patients 
with refractory large B‑Cell lymphoma when treated with 
CAR‑T cells targeting CD19 antigen (51). In the present study, 
although adverse events likely associated with the TCR‑T cell 
treatment also occurred, including anemia, white blood cell 
decrease, fever, nausea, fatigue and abdominal pain, they were 
then resolved by symptomatic treatment. Clinically apparent 
CRS was not observed, despite transiently high IFN‑γ 
levels. Meanwhile, there were no treatment‑related deaths in 

Table II. NY‑ESO‑1 TCR‑T cell therapy‑related adverse events in four patients with NSCLC.

Event	 Patient 1	 Patient 2	 Patient 3	 Patient 4

General disorders and administration site conditions
  Chills	‑	‑	‑	    + (Grade 1)
  Fatigue	 + (Grade 1)	‑	‑	   + (Grade 1)
  Fever	 + (≤38.6˚C,	 + (≤39.5˚C, 	-	  + (≤40.1˚C, 
	 Grade 1)	 Grade 2)		  Grade 3)
  Hyperhidrosis	 + (Grade 1)	‑	‑	‑  
Skin and subcutaneous tissue disorder				  
  Rash	‑	  + (Grade 2)	 + (Grade 1)	‑
Cardiac disorders				  
  Palpitations	‑	‑	   + (Grade 1)	‑
Gastrointestinal symptoms				  
  Nausea	 + (Grade 1)	‑	  + (Grade 2)	‑
  Vomiting	‑	  + (Grade 2)	 + (Grade 2)	‑
  Abdominal pain	‑	‑	   + (Grade 1)	 + (Grade 1)
Blood and lymphatic system disorders				  
  Anemia	 + (Grade 2)	 + (Grade 2)	 + (Grade 1)	 + (Grade 1)
Investigations				  
  White blood cell decreased	 + (Grade 3)	 + (Grade 3)	 + (Grade 3)	 + (Grade 2) 

NSCLC, non small cell lung cancer; TCR‑T cells, T cell receptor engineered‑T cells.
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patients with NSCLC. Taken together, our results show no 
off‑target/off‑tumor toxicity and infection. It suggested that 
NY‑ESO‑1 TCR‑T cell therapy seems to be relatively safe 
and well‑tolerated. Nevertheless, further clinical studies using 
NY‑ESO‑1 TCR‑T cells in lung cancer and other types of solid 
tumors are needed in a large number of patients to assess the 
safety and clinical efficacy of this new treatment.

We showed that treatment with NY‑ESO‑1 TCR‑T cells 
mediated tumor regression in a patient (1/4) with metastatic 
NSCLC. Although patient 2 continued to take erlotinib 
throughout NY‑ESO‑1 TCR‑T cell treatment for her tumor 
carrying EGFR mutation, it was unlikely that erlotinib 
played the main part in tumor size reduction, since the 
patient did not respond to erlotinib alone prior to infusion. 
Previous study indicated that lymphodepleting chemotherapy 
regimen and IL‑2 administrated to all of the patients may 
have contributed to the PR in melanoma and/or synovial 
cell sarcoma patients (30). Nevertheless, we considered that 
NY‑ESO‑1 TCR‑T cells played a vital role in tumor regression 
after the first infusion of the TCR‑T cells in this case. Firstly, 
the expression levels of tumor biomarkers (CEA, CA125, 

and CA199) showed an inverse association with TCR‑T cell 
persistence in the peripheral blood of the patient. This was 
indicative of the relationship between the curative effect and 
NY‑ESO‑1 TCR‑T cells. Secondly, IFN‑γ secretion by CD4+ T 
cells has been shown to be a potential mechanism underlying 
the therapeutic effect of tumor‑specific CD4+ T cells in a 
mouse model bearing B16 melanoma (52,53). The proportion 
of CD4+ T cells and levels of IFN‑γ in the peripheral blood 
were increased after TCR‑T cell infusion and were positively 
correlated with NY‑ESO‑1 TCR‑T cells.

Although patient 2 initially responded well to the ACT with 
TCR‑T cells and achieved PR for nearly 4 months, tumor relapse 
eventually occurred after the second infusion of TCR‑T cells. 
According to previous studies, several factors may contribute to 
tumor recurrence after TCR‑T cell therapy. Firstly, a loss of 
persistence and function of genetically‑modified T cells may 
be associated with tumor relapse (30,31). The persistence of 
peptide‑reactive and tumor‑reactive T cells with MART‑1‑ 
and gp100‑recognizing TCRs was positively associated with 
clinical response (41), while another study showed that relapse 
was related to the loss of TCR‑T cells  (31). Therefore, the 

Figure 1. NY‑ESO‑1 TCR‑T cell therapy treatment schedule for the patient with LADC. (A) Immunohistochemical analysis revealed 3+ staining for NY‑ESO‑1. 
(B) The patient was diagnosed with lung adenocarcinoma in February 2012. Her tumor did not respond to six cycles of combination chemotherapy (docetaxel and 
carboplatin), gefitinib, or erlotinib by September 2015. The patient was then enrolled in the clinical trial (NCT02457650) and received two separate NY‑ESO‑1‑specific 
TCR‑T cell infusions in November 2015 (days 0, 1, and 2) and January 2016 (Day 74, 75). The patient then received another six cycles of chemotherapy (gemcitabine 
and cisplatin). In addition, the patient took erlotinib throughout the entire trial period. TCR‑T, T cell receptor engineered‑T cells; LADC, lung adenocarcinoma; CT, 
computed tomography; PD, progressive disease; SD, stable disease; IL, interleukin; Flud, fludarabine; CTX, cyclophosphamide; PR, partial response.
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Figure 2. Clinical examination. (A) CT scans revealed a primary tumor located in the right pulmonary hilum with metastases to the mediastinum, right pleura, 
right hepatic lobe, and liver capsule prior to T cell infusions. In January 2016 (day 43), a CT scan obtained 2 months after the first T‑cell infusion showed 
objective regression of the primary lung tumor and liver metastases, as well as hydrothorax absorption and pulmonary re‑expansion. In March 2016 (Day 138), 
a surveillance CT scan detected growth of the primary lung tumor and liver metastases with re‑establishment of the hydrothorax. (B) Levels of the tumor 
biomarkers (CEA, CA125, and CA199) were reduced 2 weeks post infusion, but then increased 4 weeks after the initial infusion of TCR‑T cells. A similar 
pattern was observed after the second infusion of the NY‑ESO‑1 TCR engineered T‑cells. (C) Proportions of T‑cell subsets: Percentages of CD4+ and CD8+ T 
cells in the peripheral blood of the patient were increased and decreased, respectively, by day 10 after the T cell infusion. The CD8+CD28‑ and CD4+CD25+ T 
cell subgroups were smaller and larger, respectively, 10 days after the T‑cell infusion. There were no obvious changes in the quantity of CD8+CD28+ T cells. 
CT, computer tomography; TCR‑T, T cell receptor engineered‑T cells.

Figure 3. Persistence of NY‑ESO‑1 TCR‑T cells and changes in serum IFN‑γ. (A) Quantitative real‑time PCR was used to assess the persistence of NY‑ESO‑1 
TCR‑transduced T‑cells in vivo. Results are expressed as the copies of TCR clones per 1 µg DNA. The modified autologous T lymphocytes were undetectable in 
pre‑infusion samples from the patient (sensitivity of detection of 100 copies/µg DNA). The quantity of NY‑ESO‑1 TCR‑T cells had rapidly increased in patient 
blood samples by 2 weeks. However, there was a rapid decrease in the NY‑ESO‑1 TCR‑T cell population by 4 weeks after the first and second T‑cell infusions. 
(B) Concentration of serum IFN‑γ increased 2‑14 days post‑infusion and then decreased over the following month.
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approaches to sustain the long‑term persistence and function 
of engineered T cells in vivo may benefit the durability of the 
treatment efficacy (31).

Moreover, the antigen expression pattern, such as expres-
sion uniformity at diagnosis, loss of target antigen expression, 
and/or growth of tumor variants lacking expression of the target 
antigen post‑infusion, was one of principal factors that may 
influence outcome and tumor relapse following treatment with 
engineered T cells. Compared to the unsatisfying efficacy of 
TCR‑T cells, clinical trials with CAR‑T cells targeting B‑cell 
lineage CD19‑differentiation antigen demonstrated remarkable 
clinical efficacy in the induction of long‑term stable remis-
sion for B‑cell malignancies (17,54,55). Notably, unlike CD19 
antigen, which is highly and uniformly expressed on B cells, 
IHC staining of cancer tissues from the patients in studies 
revealed heterogeneous expression of cancer‑testis antigens, 
such as NY‑ESO‑1 in the current study.

Furthermore, tumor cells display very strong plasticity, 
where therapeutic failure and drug resistance may be due to 
intratumor heterogeneity, which is featured as dynamic genetic 
diversity and epigenetic plasticity (56). Patients with metastatic 
melanoma that underwent adoptive transfer of melanocyte 
antigen‑specific CD8+ T cells displayed post‑infusion relapse, 
where residual nodules revealed selective loss of targeted 
antigens (gp100, tyrosinase, and MART1) in three of the 
five patients (57). Other studies have shown antigen escape 
was associated with PD after treatment with NY‑ESO‑1 and 
MAGE‑A3 TCR‑T cells (19,31). Meanwhile, immunotherapy 
with antigen‑specific T cells has resulted in the outgrowth of 
antigen‑loss tumor variants in some studies (57,58). Suppressive 
tumor microenvironments expressing inhibitory molecules 
and receptors, such as PD‑1/PD‑L1, also contributed to tumor 
recurrence  (59). In the current study, we could not obtain 
tumor tissue samples for further evaluation after recurrence 
in the patient 2 due to proximity of the tumor to her right 
hilus pulmonis. Interestingly, co‑treatment with chemotherapy 
(docetaxel and carboplatin) and erlotinib after treatment with 
TCR‑T cells have controlled disease progression and resulted 
in SD (as of October 10, 2017).

In summary, immunotherapy with NY‑ESO‑1 TCR‑T 
cells in four HLA‑A2‑positive patients with NSCLC is 
well tolerated without evident severe toxicities. Among the 
treated patients, the one with advanced LADC revealed 
a short‑term PR (4  months). Although there are some 
obstacles that need to be overcome for TCR‑T cell therapy 
in solid tumors, such as identification of suitable target 
antigens, maintenance of persistence and activity of TCR‑T 
cells, enhancement of TCR‑T cell trafficking and function, 
and improvement of tumor microenvironment with immune 
suppression (59‑61), this and other clinical studies in solid 
tumors strongly suggest that NY‑ESO‑1 TCR‑T cell immu-
notherapy is relatively safe and well‑tolerated. However, 
further clinical studies are still warranted in a large number 
of lung cancer patients.
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