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A B S T R A C T

Objective: Pulmonary lymphoepithelioma-like carcinoma (LELC) is a rare type of non-small cell lung cancer. The
clinical course and prognosis of advanced LELC are largely unknown. Few reports have discussed multimodality
treatment for LELC.
Materials and methods: This retrospective study identified records from 2007 to 2018 of pulmonary LELCs and
other lung cancer subtypes from hospital information systems and collected demographic, treatment, and sur-
vival data.
Results: In this cohort of 69 LELCs (median age: 55.4), more female, non-smokers, and fewer right upper lobe
tumors (4.3%) were observed in the LELC subgroup compared with others. The median overall survival (OS) of
LELCs was 40 months, superior to other subtypes (p < 0.05), except adenocarcinoma (p= 0.062). Patients with
early stage disease and primary tumor resection tended to have better OS in univariate analysis, but surgery was
the independent predictor in multivariate analysis (0.042). The median OS of 52 advanced LELCs was 22.7
months. Platinum-based chemotherapy and radiotherapy with curative purpose were independent predictors for
OS of advanced LELCs (p= 0.004 and 0.003, respectively). For patients who received multimodality treatment
in advanced setting, the median line of treatments was two. The overall response and disease-control rates were
61.8% and 80.6%, respectively. There were no differences in response or survival between patients receiving
taxane-combined and non-taxane-combined chemotherapy. However, patients treated with radiotherapy in
upfront settings had significantly favorable response and progression-free survival compared with those without.
One case with PD-L1 positivity had pembrolizumab in the 4th line and achieved tumor shrinkage and stable
disease for 12 months.
Conclusion: Patients who underwent radical resection of primary tumors had better prognoses. Patients with
advanced LELC could achieve satisfactory survival by receiving multimodality treatment, including platinum-
based chemotherapy and/or radiotherapy. Immune checkpoint inhibitors may be part of future therapies. A well-
organized clinical trial should be performed to determine the optimal treatment regimen.

1. Introduction

Primary pulmonary lymphoepithelioma-like carcinoma (LELC) is a
rare type of non-small cell lung cancer (NSCLC) that was first separated
out as a unique Epstein-Barr virus (EBV)-associated and histologically
nasopharyngeal-like malignancy in 1987 [1]. Apart from the classic
morphology of a poorly differentiated tumor with highlighted

lymphocytic invasion, the latest study also discovered a subtype of non-
classic LELCs with little lymphocytic infiltration, which makes them
difficult to distinguish from nonkeratinizing squamous cell carcinomas,
suggesting Epstein-Barr encoding region (EBER) in-situ hybridization is
a necessary diagnostic tool for this disease [2]. Hundreds of LELC cases
have been reported, mostly from Southeast Asia including Guangdong,
Hong Kong, Taiwan, and Singapore [3–11]. A review of these
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retrospective studies will help sketch an outline of demographic and
clinicopathological characteristics of the disease. The endemic area of
pulmonary LELCs overlaps with that of nasopharyngeal carcinoma
(NPC), where EBV infection prevails. It affects a younger, non-smoking
population, with no obvious predisposition between men and women.
Most of the common driver mutations found in NSCLC, such as epi-
dermal growth factor receptor (EGFR) and anaplastic lymphoma kinase
(ALK), are seldom found in LELCs [12,13]. Recent studies have con-
sistently detected a high rate of programmed death ligand-1 (PD-L1)-
positivity in this virus-related cancer [14]. The majority of early stage
LELCs have been treated with radical resection of primary tumors,
while LELCs at advanced stages may need intricate multimodality
treatment that involves chemotherapy and radiotherapy (RT).

Due to its rarity, demographics differ greatly across studies.
Although there have been direct comparisons between LELCs and other
types of NSCLCs, their conclusions might be impaired by relatively
small control groups and primarily recruiting early stage LELCs [8,15].
Furthermore, treatments and outcomes for LELCs has rarely been sys-
temically analyzed by previous studies, especially the multimodality
treatments for advanced or metastatic LELCs, including the various
systemic chemotherapy regimens. The lack of such clinical data makes
the natural course of LELCs far from understood and the establishment
of standard management impossible. It also compromises efforts to
screen prognostic factors for LELCs. A few studies have found responses
of advanced pulmonary LELCs to platinum-based chemotherapy by
combining with other anti-neoplastic agents, such as 5-fluorouracil (5-
FU) and taxanes with or without radiotherapy [5,16,17]. But the long-
term prognosis of advanced pulmonary LELCs is uncertain given the
limited number of cases. For example, which agent is the best chaperon
for doublet platinum chemotherapy is still unknown.

This study collected and investigated a cohort of 69 Macau cases of
primary pulmonary LELCs, approximately 75% of which were diag-
nosed at advanced stage or as a later recurrence of prior early-stage
LELC. Most cases were recorded with detailed treatment modalities and
long-term outcomes. We also built a database that included other types
of lung cancers as the control group to compare with LELCs. We aimed
to fill the gaps here by disclosing the demographics of LELCs at Macau
and analyzing the efficacy of multimodality treatment, especially che-
motherapy and its impact on survival in advanced pulmonary LELCs.
This is the largest study that concentrates on multimodality treatment
for LELCs.

2. Methods

2.1. Study design and subjects

In this retrospective study, medical records of patients who were
diagnosed with primary pulmonary LELC, adenocarcinoma, squamous
cell carcinoma, and neuroendocrine tumors between July 2007 and
June 2018 at Centro Hospitalar Conde de São Januário (CHCSJ), Macau
were reviewed. Rare histologic subtypes, cases with uncertain or un-
specified histology, and large cell carcinoma were excluded because of
the modification to the WHO standard. Histologic subtypes were clas-
sified according to the 2015 WHO classification of lung cancer [18].
Along with 69 pulmonary LELC cases, a total of 1692 patients who were
treated for lung malignancies from 2007 July to 2018 June were
identified, including 1173 adenocarcinomas (AC), 245 squamous cell
carcinomas (SCC) and 117 neuroendocrine tumors (NET). Tumor sta-
ging was determined according to the Eighth Edition of the American
Joint Committee on Cancer staging system [19]. The stage distribution
of LELC cases at initial diagnosis was stage IA in eight patients, IB in
five, IIA in one, IIB in five, IIIA in seven, IIIB in 11, IIIC in three, IVA in
12, and IVB in 17.

Records of pulmonary LELCs were identified from hospital in-
formation systems using keyword-mining techniques. Records of other
lung cancers were identified from a prospective database that has been

collected by our multiple disciplinary team for lung malignancies.
Every lung malignancy diagnosed in CHCSJ was first recorded and
discussed in this MDT. All pulmonary LELC cases were confirmed by
EBER positivity. Otolaryngologists consultations with nasopharyngo-
scope check-ups and imaging tests, including skull base magnetic re-
sonance imaging (MRI), torso computed tomography (CT), or positron
emission tomography (PET)/CT were applied to rule out nasophar-
yngeal cancer or other origin of LELCs.

Assessments of changes in tumor burden after treatments were de-
termined according to Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 [20]. Progression-free survival (PFS) was calcu-
lated from the date of treatment to disease progression or death from
any cause. Overall survival (OS) was calculated from the date of
treatment to the date of death from any cause or last follow-up. This
study was approved by the Ethics Committee of CHCSJ. Because strictly
anonymous data were used, a waiver of consent was allowed by the
Committee.

2.2. Statistical analysis

Continuous variables were compared using ANOVA. Chi-square and
Fisher’s exact tests were applied for categorical variable comparisons.
Kaplan–Meier survival analysis and the log-rank test were performed to
test differences in PFS and OS stratified by various variables. Univariate
and multivariate survival analyses were conducted by the Cox propor-
tional hazards model. Variables with p < 0.2 in univariate analysis and
treatment-related variables were put into the multivariate analysis. All
statistical analyses were performed using SPSS 19.0 (IBM Corporation,
Armonk, NY, USA). Two-sided P values< 0.05 were considered sta-
tistically different.

3. Results

3.1. Demographic characteristics of LELCs and comparison to other
histologic subtypes

Demographic characteristics of patients in the different histo-
pathologic subgroups are reported in SubTable 1 . The median age of
LELC patients was 55.3 ± 11.4 years, with 39 females and 30 males,
19 former or current smokers and 50 never-smokers. Patients with
pulmonary LELCs were significantly younger than patients with other
types of lung malignancies in terms of median age (p < 0.001).
Compared with other histologic subtypes, significantly more females
and non-smokers were found among LELCs (sex: LELC vs. AC p=0.012,
LELC vs. SCC and NET p < 0.001; smoking status: LELC vs. AC, SCC
and NET p < 0.001). Furthermore, significantly more left lower lobe
(29.0%) and right middle lobe (24.6%) tumors and fewer right upper
lobe (4.3%) tumors were found in the LELC subgroup compared with all
other subtypes (p < 0.05).

3.2. Survival analysis in LELCs and comparison to other subtypes

The median OS of LELCs was 40 months [95% confidence interval
(CI), 25.5–54.5] which was superior to SCCs and NETs (p= 0.003
and< 0.001, respectively), but not to AC (p=0.062). Kaplan–Meier
curves of OS across different subtypes are displayed in Fig. 1A. The OS
of LELC was not significantly different from that of AC across different
stages (Fig. 1B and C).

In univariate survival, male LELC patients and patients who were
older than 65 tended to have worse prognoses, but the p-value did not
meet statistical significance (HR 1.886, 95%CI 0.957–3.716, p=0.067,
Fig. 1D; and HR 2.046, 95%CI 0.876–4.782, p=0.098, respectively).
Smoking status and primary site of the tumor were not associated with
the OS of LELCs (p= 0.172 and p=0.385, respectively). The median
OS was not reached for patients with early stage LELCs but was sig-
nificantly longer than those of patients with late-stage disease (HR
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0.114, 95%CI 0.034–0.379, p < 0.001, Fig. 1E). Similarly, patients
who underwent surgery for primary tumors had significantly longer OS
than those without surgery (HR 0.123, 95%CI 0.047–0.324, p < 0.001,
Fig. 1F). In multivariate analysis of survival, radical resection of pri-
mary tumor was the only independent prognostic factor for OS for all
LELCs (p=0.042) (Table 1).

3.3. The pattern and response of multimodality treatment in advanced
LELCs

At the point of cutoff, nine relapses had occurred in patients whose
primary tumors had been removed. Their initial stages were stage Ⅰ in 3
patients, stage Ⅱ in 2 and stage Ⅲ in 4. Five of them received adjuvant
chemotherapy with platinum doublets and two stage Ⅲ cases received
adjuvant radiation postoperatively. Adding those to the 14 unresectable
stage III case and 29 genuine stage IV cases brought the total number of
advanced LELCs to 52. One stage III and 10 stage IV LELCs received
supportive care or symptom-relieving treatments (including radio-
frequency ablation to liver metastases, palliative RT to bone metastases,
tracheal stent against oppression, and traditional Chinese medicine).
Forty-one patients received multimodality treatment in the advanced
setting, which was defined as completing at least one cycle of systemic
chemotherapy and/or RT with curative purpose. These patients re-
ceived two lines of treatment on average (mean: 2.02, median: 2). In
the upfront setting, 36 patients received platinum-based chemotherapy
and three received Capecitabine alone. Among them, 16 received RT
with chemotherapy. There were nine sequential RT, five concurrent RT,
and two sandwich RT (dose range: 45–70 Gy). Another two patients
underwent RT for mediastinal lymph node metastases without any
chemotherapies.

Response rates of five patients were unavailable. The efficacy of the
other 36 patients are listed in Fig. 2. In upfront settings, the response
rate and disease-control rate (DCR) were 61.8% and 80.6%, respec-
tively. There was no significant difference in response rates between
taxane-containing and non-taxane combinations (p=0.217), but re-
sponse rates and DCRs of patients who received RT were significantly
better than those of patients without (p < 0.05). The efficacy of pla-
tinum duplex in later lines of multimodality treatment for advanced
LELCs was abysmal (Table 2). However, some LELCs treated with pla-
tinum-based chemotherapy in upfront setting still had the chance of
responding to other combinations (primarily 5-FU-based) and single
agent, which had never been used. It is noteworthy that one patient was
treated with Pembrolizumab in the 4th line and achieved 15.6%

reduction of tumor burden and stable disease for 12 months.

3.4. Survival analysis in advanced LELCs treated with multiple modalities

The median OS of LELCs experiencing multiple treatments was 31.4
months (95%CI, 14.1–48.7). The median PFS of upfront and 2nd line
treatment was 10.1 months (95% CI, 8.2–12.0) and 7.1 months (95%CI,
0.1–14.1), respectively. There were no differences in PFS or OS between
those who underwent taxane combination and non-taxane regimens
among patients treated with platinum-based combination in upfront
settings (Fig. 3A and B). The PFS of patients who received RT in upfront
settings was significantly better than those who did not (Fig. 3C);
however, these difference in OS did not reach statistical significance
(Fig. 3D).

The median OS for the 52 advanced LELCs was 22.7 months (95%
CI, 11.5–33.9). In Kaplan–Meier analysis, patients who received pla-
tinum-based combinations and curative RT had significantly better
prognoses (p < 0.05, Fig. 3E and F). Furthermore, multivariate ana-
lysis revealed these two factors independently associated with superior
OS in the advanced LELCs population (Table 3).

4. Discussion

In this Macau cohort, in which advanced stage patients accounted
for the largest proportion, we found that LELC had unique demographic
features among lung cancers. We then attempted to determine the ideal
treatment for pulmonary LELCs using complex retrospective clinical
data. Surgery of the primary tumor was independently associated with
the OS of the whole LELC cohort. Systemic chemotherapy and radiation
were both identified as true backbones for advanced LELCs.

The median age of LELCs was 55.4 (range 16–85), compatible with
that of previous studies [10,15]. But age predilection varies across
different studies; some have reported much older [8,17]. The mal-
e:female ratio of LELC was 1:1.3, and 72.5% of patients were never
smokers. The gender distribution of LELC is quite the contrary to that of
SCC and NET. Male preponderance in these two subtypes was owing to
the huge differences of the proportion of smokers between men and
women (76.4% vs 6.6%), as well as to the fact that small cell cancer
made up majority of NETs (81.1%). By comparison with other subtypes
of lung cancers, which were predominated by elder male smokers, LELC
should be regarded as a disease with the opposite demographic char-
acteristics. Curiously, we found LELCs seldom originated from the right
upper lobe. This finding was also observed in the study by Yu et al.

Table 1
Univariate and multivariate analysis of OS in all LELC cohort.

Variables N Median OS Univariate analysis Multivariate analysis

HR P value HR P value

Age
≤65 57 46.5(31.3–61.7) 1 1
>65 12 10.8(6.2–15.4) 2.046(0.876–4.782) 0.098 1.783(0.772–4.402) 0.210

Sex
Female 39 52.4(0.0–112.2) 1 1
Male 30 20.8(13.8–27.8) 1.886(0.957–3.716) 0.067 1.567(0.686–3.580) 0.287

Smoking
No 50 49.0(0.0–104.8) 1 1
Yes 19 33.8(9.9–57.7) 1.636(0.808–3.312) 0.172 1.118(0.489–2.555) 0.792

Locations
Left 33 46.6(23.9–69.3) 1 – –
Right 36 33.8(11.5–56.1) 1.348(0.688–2.642) 0.385 – –

Stage
I/II 19 Not reached 1 1
III/IV 50 22.7(12.7–32.7) 0.114(0.034–0.379) < 0.001 0.419(0.075–2.331) 0.321

Surgery
Yes 25 Not reached 1 1
No 44 18.1(11.2–25.0) 0.116(0.044–0.306) < 0.001 0.206(0.051–0.838) 0.027
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Fig. 1. Overall survival of LELC and other carcinoma types across all stages. (A) Overall survival of LELC and other common types of lung cancer. (B) Comparison of
overall survival between LELC and adenocarcinoma patients in stage I-II diseases. (C) Comparison of overall survival between LELC and adenocarcinoma patients in
stage III-IV diseases. (D) Overall survival of LELC patients by age groups. (E) Overall survival of LELC patients by stage groups. (F) Overall survival of LELC patients
with or without operation.
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[10], but not in others [8]. Further studies with larger case number are
needed to clarify these discrepancies. The OS of LELC has been pre-
viously reported to be superior to other subtypes of lung cancers, in-
cluding adenocarcinoma [8,15], but we did not find any significant
differences between pulmonary LELC and adenocarcinoma, neither in
ensemble OS nor in OS divided by staging. This lack of significance
could be attributable to imprecise clinical staging, population changes
according to the newest WHO classification, or the increasing adoption
of tyrosine kinase inhibitors in mutation-driven neoplasms.

Radical surgery is the primary approach used to cure LELC. In the
past, the role of surgery in multimodality treatment of LELC had not yet
been tested because the majority of research had been focused on en-
rolling early stage LELCs. Accordingly, He et al. could not establish
surgery as an independent predictor for OS in LELC [8]. However, pa-
tients who underwent radical resection f primary tumors had a sig-
nificantly favorable OS in Cox-regression. Theoretically, patients with
later stage LELC might have worse prognosis than those with early-
stage disease. However, staging did not stand out as an independent
predictor. Sensitivity to both chemotherapy and radiation may cloud
the ultimate prognosis of the disease, alternatively a staging system that
is dedicated to lung cancer may not be suitable for LELCs.

The most important finding of our study was the establishment of
platinum-combined chemotherapy and RT with curative purpose as the

mainstays of advanced LELC treatment. There have been only a handful
of studies concentrated on the multimodality treatment of LELCs, and
none have succeeded in establishing a treatment standard due to small
case numbers and the heterogeneous manner of anti-neoplastic treat-
ments. In patients who underwent multimodality treatment, those
treated with RT had markedly more favorable response and PFS than
patients who received only chemotherapy in upfront settings. There
was also a trend of improved OS towards patients who had RT. In all
advanced patients, curative RT was proven to be an independent pre-
dictor of OS. While there is the potential that this small group of pa-
tients only coincided with those who have locally advanced or limited
metastatic lesions, staging status did not reach statistical significance in
multivariate analysis. Because of limited cases, the optimal modality
and dose of RT in chemoradiation remains unclear. Concurrent RT was
inclined to offer the highest response (80.0%). Since primary pul-
monary LELCs often present with sizable masses and extensive med-
iastinal lymph nodes metastases, induction chemotherapy is re-
commended before RT according to our clinical practice.

Multivariate analysis revealed platinum-based chemotherapy to be
another independent predictor for OS in advanced LELCs, however,
consensus has never been reached on the optimal chemotherapy re-
gimen. 5-FU and docetaxel were suggested to be potential partners for
platinum-based combinations [16,17], providing favorable responses
and survival data. The most commonly used agents apart from platinum
in our study were taxanes, 5-FU, and gemcitabine. We did not find
significant differences in response or survival between taxane-based
and non-taxane-based combinations, which is consistent with the
findings of a meta-analysis of induction chemotherapy regimens in NPC
[21] and by Lin et al. [17]. It is worth mentioning that cases treated
with gemcitabine initially achieved full responses. Response and sur-
vival data in our study seemed less encouraging than those reported by
Lin et al. [17], which might be attributed to diversities of characteristics
of included cases and anti-neoplastic managements. Notably, a smaller
proportion of our patients underwent RT and surgery after tumor down-
staging. Three patients with unsatisfactory performance status received
Capecitabine alone (1–3 cycles), and were excluded from analysis of
multimodality treatment because of unknown drug compliance.

Several studies have revealed frequent PD-L1 expression in LELCs,
assuming it a potential biomarker and rational therapeutic target.
However, only few case reports have examined the effect of newly-
listed checkpoint inhibitors in LELCs, predominantly Nivolumab
[22,23]. We also attempt to test the actual effect of immunotherapy in
LELCs. One female patient who was proven to have high PD-L1 ex-
pression (90%) in tumor cells took Pembrolizumab after failing three

Fig. 2. Overall response rate of advanced LELCs treated with multimodality treatment.

Table 2
Response rate of advanced pulmonary LELCs.

N (Total) N(Available) ORR (%) DCR (%)

Upfront line 41 36 61.8 80.6
Chemotherapy 39 34
Taxane-platinum 20 19 52.6○ 73.7△

Non-taxane-platinum 16 15 73.3○ 86.7△

Capetabine 3 0 n.a. n.a.
Radiation 36 36
Yes 18 18 77.8● 94.4▲

No 18 18 44.4● 61.1▲

2nd line 20 15 20.0 60.0
Platinum duplex 8 5 0 60.0
Other duplex 4 3 67.7 100.0
Single drug 8 7 14.3 57.1

3rd line and above 21 13 23.1 53.8
Platinum duplex 6 5 0.0 20.0
Other duplex 2 1 0.0 100.0
Single drug 10 6 50.0 66.7
Target or immunotherapy 3 1 0.0 100.0

○&△：p>0.05; ●&▲:p < 0.05(●p= 0.040; ▲p= 0.041).
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Fig. 3. Progression free survival and overall survival in advanced LELC patients. (A, B) Comparison of progression free survival and overall survival regarding
different chemotherapy regimens in advanced LELCs who received multimodality treatment. (C, D) Comparison of progression free survival and overall survival
regarding radiotherapy in advanced LELCs who received multimodality treatment. (E) Overall survival of total advanced LELC population with cisplatin-based
chemotherapy or without. (F) Overall survival of total advanced LELC population with curative radiation or without.
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lines of platinum-combined chemotherapy and achieved tumor stabi-
lization for 12 months. To our knowledge, this is the first time that a
study has reported a favorable response to Pembrolizumab in advanced
LELC. Tumor recurrence is still possible in LELCs whose primary tumors
has been resected. Immunotherapy is to be a promising strategy for
improving the cure rate and OS of patients with resectable LELC. This
promise is based on the remarkable efficacy of checkpoint inhibitors in
untreated locally advanced and metastatic NSCLCs when administered
alone or following concurrent chemoradiation in stage Ⅲ NSCLCs
[24,25]. As mentioned before, LELC was one of NSCLCs proved to
possess above-average PD-L1 expression, a predictor closely connected
with even better clinical outcome [14,26]. Thus, immune therapy
would act as a mainstay therapy for locally advanced LELCs or bring
additional benefits for patients with early-stage LELCs in perioperative
setting in the future. Additionally, two patients took Cetuximab in the
4th line, but the efficacy of this therapy could not be assessed because of
limited survival.

Prudence should be exercised when applying research results to
other scenarios in daily clinical practice. First, the retrospective nature
and relatively small scale of this study makes it prone to selection bias.
Second, some of the data were lacking, which could also lead to bias.
For example, patient fitness was untouched in this study due to in-
complete data over long time span, but this would turn out to be an
important factor for clinical outcomes of advanced LELCs and may have
impact on multivariate analysis. And response rates of multimodality
treatments, especially in later lines, should not be over-estimated be-
cause some cases fell off treatment regimens, and their responses were
unavailable to be assessed. Third, during the long duration of this study,
approaches and modes of certain therapeutic measures such as surgery
and RT might have changed. The study was also crisscrossed with
various chemotherapy regimens that were parallel to the drug revolu-
tion taking place at the time. Fourth, localized and distant advanced
LELCs were mixed together in response and survival analysis and sub-
divided staging was not employed. Nevertheless, the investigation of
this unprecedented cohort at Macau could still yield convincing evi-
dence about associations between certain treatment modalities and
outcomes in LELCs.

We conclude that patients who underwent radical resection for
primary tumors had better prognoses. Patients with advanced LELC
could achieve satisfactory survival by receiving multimodality treat-
ment, including platinum-based chemotherapy and/or RT with curative
purpose. Immune checkpoint inhibitors may join the therapeutic
armory in the future. Most importantly, a well-organized clinical trial

should be carried out to determine the optimal treatment regimen for
this disease.
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