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Pulmonary lymphoepithelioma-like carcinoma (pLELC) is a rare subtype of lung cancer
that is associated with the Epstein-Barr virus in Asia. Due to the lack of prospective
studies, the best first-line treatment and survival outcomes remain unclear. Herein, This
study investigated the efficacy and safety of different treatment regimens for advanced
pLELC. This retrospective study included 68 patients with advanced pLELC from two
centers in China. Patients were divided into three groups according to different first-line
treatments: chemotherapy (n=49, 72.1%), immunotherapy (n=7, 10.3%), and
chemoimmunotherapy (n=12,17.6%). The primary endpoint of this study was the 2-
year progression-free survival (PFS) of each group. The results show that the median PFS
was 6.9 months (range, 2.3–not estimable) in the chemotherapy group, 11.0 months
(range, 2–not estimable) in the immunotherapy group, and 11.8 months (range, 6–not
estimable) in the chemoimmunotherapy group. There was a significant difference in 2-year
PFS between the chemoimmunotherapy group and the chemotherapy group (hazard
ratio, 0.38, 95% confidence interval: 0.18-0.78, log-rank P=0.007). The most frequent
grade 3-4 adverse event in the chemotherapy and chemoimmunotherapy groups was
myelosuppression (10/49 [22.4%] and 4/12 [33.3%], respectively). The most frequent
grade 3-4 adverse events in the immunotherapy group were diarrhea (1/7, 14.8%) and
hepatotoxicity (1/7, 14.8%). Chemoimmunotherapy had the highest 2-year PFS as a first-
line treatment for advanced pLELC compared to chemotherapy and immunotherapy. This
study suggests that chemoimmunotherapy may be the best first-line treatment for
patients with advanced pLELC.

Keywords: lymphoepithelioma-like carcinoma, chemotherapy, immunotherapy, chemoimmunotherapy, prognosis
free survival
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INTRODUCTION

Pulmonary lymphoepithelioma-like carcinoma (pLELC) is a rare
pathological subtype of lung cancer (1), which has been shown to
be closely associated with Epstein-Barr virus (EBV) infection (2).
pLELC has unique clinicopathological features, such as
predominance in younger non-smokers in Asia and heavy
lymphocytic infiltration (1, 3, 4).

Lung tumor cells frequently express high levels of
programmed death ligand 1 (PD-L1), which is the ligand of
the programmed death-1 (PD-1) receptor on T cells, allowing
tumors to directly inhibit the host immune response by
inhibiting the proliferation and function of T cells (5–9).
Moreover, the treatment landscape of lung cancer has
dramatically changed due to immunotherapy. One of the most
notable is the PD-L1/PD-1 checkpoint inhibitor (10). Several
studies have confirmed that PD-L1 expression is higher in
patients with pLELC than in those with other types of lung
cancer (11–13), which may mean that immunotherapy may
benefit patients with advanced pLELC.

Nasopharyngeal carcinoma (NPC) is also associated with
EBV infection and has a high propensity for regional and
distant metastases, while it is very sensitive to radiation and
chemotherapy (14). A common feature of advanced EBV-
positive NPC is the dense infiltration of lymphocytes in the
tumor stroma and positive PD-L1 expression in tumor cells,
making it an attractive target for immunotherapy (14).
Immunotherapy has shown promise in patients with advanced
nasopharyngeal cancer (15, 16).

Currently, there is no standard treatment for pLELC. Most
patients diagnosed with pLELC are usually present at an early
stage and undergo complete resection (17). However, in
advanced cases, multimodal treatment including systemic
chemotherapy and radiation is often required (18).
Furthermore, immunotherapy has shown great advantages as a
first-line treatment of advanced lung cancer (19–24), but the
effect of immunotherapy in advanced pLELC has rarely been
reported (25–28). In this study, we included patients with
advanced pLELC who received first-line immunotherapy and
reviewed our initial experience with the use of this regimen in
patients with advanced pLELC. To our knowledge, this is the first
study on first-line immunotherapy in patients with pLELC.
METHODS

Patients
In this study, patients with stage IIIB to IV pLELC who were
diagnosed via biopsy and computed tomography/positron
emission tomography at The Third Affiliated Hospital of Sun
Yat-sen University and The People’s Hospital of Chenzhou City
between January 2012 and August 2020 were retrospectively
investigated. The inclusion criteria were as follows: confirmed
pathological diagnosis of pLELC, Eastern Cooperative Oncology
Group performance status (ECOG PS) ≤ 2, and ≥2 regular
treatment cycles. The exclusion criteria were as follows: had
previous treatment after diagnosis, non first-line treatment, or
Frontiers in Oncology | www.frontiersin.org 2
lacked completed radiology or follow-up data. Finally, 68
patients were included in the study (Figure 1).

The collected clinical data of the patients included sex, age,
smoking history, ECOG PS, Epstein-Barr encoding region
(EBER), PD-L1 expression (22C3 PD-L1 antibody, Dako,
Denmark), tumor location, clinical TNM (cTNM) stage,
treatment mode, treatment cycle, treatment-related adverse
events (TRAEs), and PFS. cTNM was determined according to
the 8th edition of the lung cancer staging system of the American
Joint Committee on Cancer (29). Based on the different treatment
modes collected, the patients were divided into chemotherapy,
immunotherapy, and chemoimmunotherapy groups.

Treatment Regimen
The chemotherapy group received platinum-based chemotherapy
in combination with other non-platinum anticancer agents as
doublet chemotherapy. Subsequently, non-platinum anti-cancer
agents were administered as maintenance in some patients. In the
first four treatment cycles, the chemoimmunotherapy group
received a triple-drug regimen, including platinum, non-
platinum anti-cancer agents, and PD-1 monoclonal antibody.
Subsequently, the PD-1 monoclonal antibody was given as
maintenance. All patients in the immunotherapy group
received PD-1 monoclonal antibody monotherapy only. All
treatment cycles were continuous and 3–4 weeks apart.

Treatment Evaluation
Patients underwent a CT scan every 6–8 weeks to evaluate the
treatment effect. The change in tumor burden was assessed using
the Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.1) (30). All radiology data were assessed by two
doctors to obtain the most precise results. Considering the
possibility of tumor pseudoprogression after patients received
immunotherapy, disease progression determined in the
immunotherapy and chemoimmunotherapy groups required
proof by two consecutive radiology examinations.

TRAEs were assessed using the National Cancer Institute
Common Terminology Criteria for Adverse Events (version
5.0) (31).

Statistical Analysis
All statistical analyses in this study were performed using R
software v3.61 (https://www.r-project.org/). Considering that the
earliest date of immunotherapy patient data that could be
collected was July, 2017, the primary endpoint was determined
as the 2-year PFS in this study. PFS was defined as the time from
the initiation of treatment to definite tumor progression or death.
All follow-up data were collected until September 1, 2021.
Patient age was transformed into a categorical variable (≥65
years old or <65 years old). Fisher’s exact test was used to
determine significant differences between groups for categorical
variables. PFS curves were completed using the Kaplan–Meier
method and assessed using the log-rank test. The median and
95% confidence intervals (CIs) and p-values from log-rank tests
are reported in figures. All P values were two-sided, and values
<0.05 were considered statistically significant.
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RESULTS

Patient Characteristics
A total of 68 patients were included in this study (Table 1). The
median follow-up time was 7.9 months. Of the 68 patients, 49
(72.1%) underwent chemotherapy, 7 (10.3%) underwent
immunotherapy, and 12 (17.6%) underwent chemoimmunotherapy
(Table 1). There were 45 (91.8%), 5 (71.4%), and 11 (91.7%)
patients with more than three treatment cycles in the
chemotherapy, immunotherapy, and chemoimmunotherapy
Frontiers in Oncology | www.frontiersin.org 3
groups, respectively (Figure 2A). Of the 49 patients in the
chemotherapy group, 24 (49.0%) received gemcitabine plus
platinum, 12 (24.5%) received paclitaxel plus platinum, and 13
(26.5%) received pemetrexed plus platinum (Appendix 1). In
the immunotherapy group, 5 (71.4%) patients received
pembrol izumab and 2 (28.6%) rece ived sint i l imab
(Appendix 1). 8 (66.7%), 2 (16.7%), and 2 (16.7%) patients in
the chemoimmunotherapy group received pembrolizumab plus
gemcitabine + platinum, pembrolizumab plus pemetrexed +
platinum, and pembrolizumab plus paclitaxel + platinum,
FIGURE 1 | Flow-chart of this study.
February 2022 | Volume 12 | Article 820302

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Xiao et al. Treatment Regimens for pLELC
respectively (Appendix 1). In the group of patients who received
pembrolizumab plus gemcitabine + platinum, 3 patients reached
PR and 5 reached SD (Appendix 4). In the group of patients that
received pembrolizumab plus pemetrexed + platinum and
pembrolizumab plus paclitaxel + platinum, 1 reached PR and 3
reached SD. There were 8 (11.8%) stage IIIB/IIIC patients and 60
(88.2%) stage IV patients. Of the 60 stage IV patients, 12 (20%),
19 (31.7%), 20 (33.3%), 29 (48.3%), and 5 (8.3%) patients had
lung, liver, pleural, bone, and adrenal gland metastases
(Appendix 1), respectively.

There were no significant differences in sex, age, smoking
history, EBER expression, ECOG PS, tumor location, cT, cN, or
tumor stage among the three groups (Table 1).

Treatment Efficacy
The objective response rates were 61.2% in the chemotherapy
group, 28.6% in the immunotherapy group, and 33.3% in the
immunochemotherapy group (Figure 2B). The disease control
rates were 100%, 85.7%, and 100% in the chemotherapy,
immunotherapy, and chemoimmunotherapy groups,
respectively. No patient reached complete remission (CR) in any
group. One patient in each of the three groups had no disease
progression until the end of follow-up (Figure 3). New lesions
Frontiers in Oncology | www.frontiersin.org 4
developed in 12 (24.5%), 1 (14.3%), and 2 (16.7%) patients in the
chemotherapy, immunotherapy, and chemoimmunotherapy
groups, respectively (Figure 3). The median PFS (mPFS) was
6.9 months (range, 2.3 months to not estimable) in the
chemotherapy group, 11.0 months (range, 2 months to not
estimable) with immunotherapy, and 11.8 months (range, 6.0
months to not estimable) with immunochemotherapy (Figure 4).
The results of the log-rank comparison revealed that compared to
the chemotherapy group, the chemoimmunotherapy group was
significantly associated with a better 2-year PFS (Figure 4B,
hazard ratio, 0.38, 95% confidence interval: 0.18-0.78, log-rank
P=0.007). However, there was no significant difference in 2-year
PFS between the immunotherapy and chemotherapy groups
(Figure 4C, P = 0.14) or between the immunotherapy and
chemoimmunotherapy groups (Figure 4D, P = 0.72).

PD-L1 Expression With PFS
All patients in both the immunotherapy and chemoimmunotherapy
groups were positive for PD-L1 (Figure 4E). The mPFS of
patients in the immunotherapy group with PD-L1 expression
greater than or equal to 50% was 11.7 months and that of
patients with PD-L1 expression lower than 50% was 6.5
months. In immunotherapy group and chemoimmunotherapy
TABLE 1 | General clinicopathological characteristics of patients with different treatment methods.

Characteristics Entire cohort (N=68) p

Chemotherapy (N=49) Immunotherapy (N=7) Chemoimmunotherapy (N=12)

Gender, No. (%) 0.926
Female 27 (55.1) 4 (57.1) 6 (50.0)
Male 22 (44.9) 3 (42.9) 6 (50.0)
Age, No. (%) 0.472
>65 6 (12.2) 1 (14.3) 3 (25.0)
≤65 43 (87.8) 6 (85.7) 9 (75.0)
Smoking history, No. (%) 0.122
Current/former 10 (20.4) 4 (57.1) 2 (16.7)
Never 39 (70.6) 3 (42.9) 10 (83.3)
EBER, No. (%)
+ 11 (22.4) 1 (14.3) 5 (41.7) 0.710
++ 13 (25.6) 2 (28.6) 2 (17.6)
+++ 25 (51.0) 4 (57.1) 5 (41.7)
ECOG PS, No. (%) 1
0 3 (6.1) 0 (0) 1 (8.3)
1 46 (93.9) 7 (100.0) 11 (91.7)
Tumor location, No. (%) 0.923
Upper right lung 6 (12.2) 0 (0) 2 (16.7)
Right middle lung 9 (18.4) 2 (28.5) 2 (16.7)
Lower right lung 10 (20.4) 3 (42.9) 2 (16.7)
Upper left lung 10 (20.4) 1 (14.3) 3 (25.0)
Lower left lung 14 (28.6) 1 (14.3) 3 (25.0)
T, No. (%)
T1/T2 12 (24.5) 2 (28.6) 3 (25.0) 1
T3/T4 37 (75.5) 5 (71.4) 9 (75.0)
N, No. (%)
N0/N1 5 (10.2) 0 (0) 0 (0) 0.333
N2 22 (44.4) 1 (14.7) 5 (41.7)
N3 22 (44.4) 6 (85.3) 7 (58.3)
Tumor stage, No. (%) 0.577
Stage IIIB/IIIC 5 (10.2) 1 (14.7) 2 (16.7)
Stage IV 44 (89.8) 6 (85.3) 10 (83.3)
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group, patients with PD-L1 expression greater than or equal to
50% had an mPFS of 19.7 months and those with PD-L1
expression lower than 50% had an mPFS of 11.0 months.

PD-L1 Expression With Treatment
Response
There were 3 (75%) patients in the chemoimmunotherapy group
and 5 (71.4%) in the immunotherapy group with PD-L1
expression ≥ 50% (Appendix 3). The ECOG PS of all patients
in the immunotherapy group was 1. In the subgroup of the
immunotherapy group with PD-L1 expression ≥ 50%, 3 (60%)
patients were women, 4 (80%) were ≤ 65 years of age, 2 (40%)
reached PR, 2 (40%) reached SD, and 1 (20%) reached PD. In the
subgroup of the immunotherapy group with PD-L1 expression <
50%, there was 1 male patient and 1female patient; all the patients
were ≤ 65 years old and reached SD. In the subgroup of the
chemoimmunotherapy group with PD-L1 expression ≥ 50%, 2
(66.7%) were men, all patients were ≤ 65 years old; the ECOG PS
were 1, 1 patient reached PR, and 2 had the optimal response of
SD. In the subgroup of the chemoimmunotherapy group with
PD-L1 expression < 50%, 5 (55.6%) were men, 3 (33.3%) were >
Frontiers in Oncology | www.frontiersin.org 5
65 years old, 1 (11.1%) had ECOG PS of 0, 8 (88.9%) had ECOG
PS of 1, 3 (33.3%) reached PR, and 6 (66.7%) reached SD.

Safety
There were no instances of grade 5 TRAEs in this study. Grade
3/4 TRAEs were reported in 14 (28.6%), 2 (28.6%), and
4 (33.3%) patients in the chemotherapy, immunotherapy,
and chemoimmunotherapy groups, respectively (Table 2).
Myelosuppression was the most common grade 3/4 TRAE in the
chemotherapy group (20.4%, 10/49) and the chemoimmunotherapy
group (33.3%, 4/12).
DISCUSSION

This is the first study to evaluate the efficacy and safety of first-
line immunotherapy with or without chemotherapy in advanced
pLELC. Our results showed that the 2-year PFS with
chemoimmunotherapy was significantly better than that of
chemotherapy (hazard ratio, 0.38, 95% confidence interval:
0.18-0.78, log-rank P=0.007), with an mPFS that was 5 months
longer than chemotherapy.

Most patients in this cohort were young, non-smoking
females, which is a unique feature of pLELC compared to other
histological types of lung cancer. Consistent with previous studies,
pLELC originating in the right upper lung was rare (25, 32). In
locally advanced pLELC, the effect of chemoradiotherapy is better
than chemotherapy alone (18, 25). However, most patients in our
cohort had metastases and were not candidates for radiotherapy.
Previous studies have indicated that compared with other
NSCLCs, the mutations of EGFR, ALK, and MET were
extremely low in patients with pLELC, suggesting that familiar
typical driver mutations may not play a critical role in pLELC (33,
34). Furthermore, PD-L1 expression is higher in patients with
pLELC than in those with other types of lung cancer (11–13).
Currently, there is no optimal treatment for pLELC owing to the
lack of clinical trials. The selection of first-line treatment options
is primarily empirical and is usually based on the histological
classification (e.g., non-squamous or non-specific) of non-small
cell lung cancer (NSCLC). Prospective clinical trials considering
pLELC would be impractical because of the rarity of this tumor
type. Meanwhile, first-line immunotherapy has shown promise in
advanced lung cancer and NPC. Therefore, we believe that first-
line immunotherapy with or without chemotherapy is worth
trying in advanced pLELC.

In the KEYNOTE-024 study, the mPFS was 10.3 months (95%
CI, 6.7 to not reach) in the pembrolizumab group and 6.0 months
(95% CI, 4.2-6.2) in the chemotherapy group. PFS was
significantly longer in the pembrolizumab group than in the
chemotherapy group (HR=0.50; 95% CI, 0.37-0.68; P<0.001) (19,
20). In the KEYNOTE-189 study, the mPFS was 9.0 (8.1-9.9)
months and 4.9 (4.7-5.5) months in the pembrolizumab plus
chemotherapy and chemotherapy groups, respectively (HR=0.48;
95% CI, 0.40-0.58), with estimated 2-year PFS rates of 20.5% and
1.5%, respectively. Furthermore, a PFS benefit with the addition
of pembrolizumab was observed regardless of PD-L1 expression
(21, 22). These two prospective trials demonstrated a significant
A

B

FIGURE 2 | (A) Total number of treatment cycles of each patients. (B) The
optimum change in individual patients of three groups.
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PFS benefit of pembrolizumab with or without chemotherapy in
patients with advanced NSCLC. For EBV-associated cancer,
previous studies have shown that the treatment schemes of
pLELC and NPC are similar (18, 35). Similarly, in advanced
NPC, nivolumab and pembrolizumab have shown promising
antitumor activity and manageable safety (15, 16).

The pattern of response observed in this study is consistent
with the response to PD-1 inhibitors reported in other cancers
(36). In the path graph, two patients showed delayed responses
after the first 4 months of treatment. Only one non-responder
progressed within the first 2 months of treatment, and none of
the patients showed a dramatic increase in tumor size. In
addition, there were no patients with CR in our cohort,
possibly due to large tumor size at baseline or the small
sample size.
Frontiers in Oncology | www.frontiersin.org 6
More than 95% of adults worldwide are infected with EBV,
but there are regional differences in the prevalence of EBV-
associated cancers (37, 38). Epidemiological studies have
shown that EBV infection is associated with LELC in Asian
populations, but not in Western populations (39). The
common drivers of lung cancer, such as EGFR mutations
and ALK rearrangement, are rarely detected in pLELC,
indicating that the key carcinogens of LELC are not tobacco
exposure or somatic cell driver mutations (13). Furthermore,
the mutation spectrum of pLELC was found to be distinct
from those of other subtypes of NSCLC and EBV+ NPC, with
unique frequently mutated genes and widespread copy number
variation loss (13). All patients in our cohort were EBER-
positive. In addition, several previous studies of pLELC have
demonstrated a potential association between circulating EBV
A

B

C

FIGURE 3 | Changes from baseline in target lesions of per patients in three groups over time with (A) Chemotherapy group (B) Immunotherapy group (C)
Chemoimmunotherapy group.
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DNA and survival (18, 40, 41). However, only three patients
in our cohort had baseline EBV data. We cannot speculate on
the relationship between baseline EBV levels and response to
drug therapy or survival during immunotherapy. Future
Frontiers in Oncology | www.frontiersin.org 7
studies require larger sample sizes and more comprehensive
virological studies to address the relationship between
EBV infection and the efficacy of checkpoint inhibitors
in pLELC.
TABLE 2 | Treatment-related grade 3/4 adverse events of three groups.

Side effect Chemotherapy Grade 3/4 No. (%) Immunotherapy Grade 3/4 No. (%) Chemoimmunotherapy Grade 3/4 No. (%)

Diarrhea 0 (0) 1 (14.3) 0 (0)
Fever 2 (4) 0 (0) 0 (0)
Rash 1 (2) 0 (0) 0 (0)
Alopecia 3 (6.1) 0 (0) 0 (0)
Hemoglobin decreased 4 (8.1) 0 (0) 1 (8.3)
Leukoreduction 5 (10.2) 0 (0) 2 (16.6)
Thrombocytopenia 1 (2.0) 0 (0) 1 (8.3)
Hepatotoxicity 0 (0) 1 (14.3) 0 (0)
Hemoptysis 0 (0) 0 (0) 1 (8.3)
A B

C

E

D

FIGURE 4 | Progression free survival(PFS) of different groups (A) PFS Kaplan-Meier curves of chemotherapy, immunotherapy and chemoimmunotherapy groups
(B) PFS Kaplan-Meier curves of chemotherapy group and chemoimmunotherapy groups (C) PFS Kaplan-Meier curves of chemotherapy group and immunotherapy
groups (D) PFS Kaplan-Meier curves of immunotherapy and chemoimmunotherapy groups (E) PFS with different PD-L1 expression in immunotherapy and
chemoimmunotherapy groups. CI, confidence interval; HR, hazard ratio.
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This study has several limitations. First, the fact that this is a
retrospective study with small sample sizes is an obvious
weakness, even though we included data from two centers.
Second, immunotherapy is a relatively new therapeutic
approach, and the first patient in our cohort to receive first-
line immunotherapy began in 2017. Follow-up may be
insufficient, and there was no mature overall survival in this
study. Third, immunotherapy drugs in our cohort included
nivolumab, pembrolizumab, and sintilimab. Due to the small
sample size, we were unable to compare the efficacy differences
between different drugs. In this study, the limited sample size
makes it difficult to interpret inferences regarding the correlation
between PD-L1 expression and treatment response or survival.
Finally, we only recorded grade 3-4 adverse events in detail; mild
adverse events were not presented due to incomplete records.
Therefore, we do not know if there are specific adverse events in
pLELC. In conclusion, we evaluated a small number of patients
and demonstrated that immune checkpoint inhibitors may be a
promising first-line treatment option for advanced pLELC.
Large-scale clinical trials are required to determine the best
treatment for the disease.
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