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Purpose: This study aimed to investigate the prognostic value of inflammation markers for advanced pulmonary lymphoepithelioma-
like carcinoma (PLELC) and develop an effective prognostic model based on inflammation markers to predict the overall survival
(OS) of this population.

Methods: Cox regression analysis was performed on 18 clinical and inflammation features, and a nomogram was created to predict
overall survival (OS). The nomogram was evaluated by the concordance index (C-index), the time-dependent area under the receiver
operating (ROC) curves (AUCs), calibration curves, and Decision Curve Analysis (DCA).

Results: This study included a training cohort (n = 177) and a validation cohort (n = 77). The following variables were found to be
independent prognostic factors for OS and used in the nomogram: Hepatitis B virus surface antigen status, gender, neutrophil-to-
lymphocyte ratio (NLR), and C-reactive protein-to-albumin ratio (CAR). The C-indexes of the nomogram in the training and
validation cohort were 0.740 (95% CI: 0.706-0.747) and 0.733 (95% CI: 0.678-0.788), respectively. Furthermore, time-dependent
AUCs and well-fitted calibration curves showed good discriminative ability in both cohorts. Additionally, among the subset of EBV
DNA data (n = 111), both ROC curve and DCA curve analysis demonstrated that the nomogram plus EBV DNA provided superior
predictive performance compared to EBV DNA or the nomogram alone. Patients who received chemoimmunotherapy as the first-line
treatment had better OS (not reached vs 44.4 months, P = 0.015) than those with chemotherapy alone and those who received
immunotherapy at any line had better OS than those who never received it (not reached vs 31.0 months, P < 0.001).

Conclusion: This study established and validated a prognostic nomogram model for patients with advanced PLELC. Combining the
nomogram with EBV DNA more effectively predicted the prognosis of patients than the nomogram alone. Immunotherapy was found
to be a critical treatment option for PLELC.
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Introduction

Pulmonary lymphoepithelioma-like carcinoma (PLELC) is an extremely rare subtype of non-small cell lung cancer
(NSCLC) with an incidence of less than 1% that was first reported in 1987," and the incidence of PLELC is higher in the
Asian population than in the Western population.? In 2021, the World Health Organization (WHO) updated the criteria
for lung tumor classification and reclassified PLELC as a special type of lung squamous cell carcinoma excluding lung
metastasis from nasopharyngeal carcinoma.®* Histologically, the tumor is composed of large or poorly or
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undifferentiated cells with vesicular nuclei and prominent nucleoli. In situ hybridization results have shown that almost
all patients are positive for Epstein—Barr virus-encoded small nuclear RNA (EBER) as well.>® Marked infiltration of
lymphocytes and other inflammatory cells such as macrophages and neutrophils has been found, in the tumor cell nests
and the surrounding stroma of PLELC.” In terms of gene mutations,® the median tumor mutation burden is low at 2.5
mutations/Mb, and sensitive driver gene mutations such as epidermal growth factor receptor gene (EGFR), Kirsten rat
sarcoma viral oncogene homolog gene (KRAS), and b-Raf proto-oncogene, serine/threonine kinase gene (BRAF)
mutations are infrequent, with programmed death ligand-1 (PD-L1) and TP53 being highly expressed.”'®

Plasma Epstein—Barr virus (EBV) deoxyribonucleic acid (DNA) copy number has been found to be an independent
risk factor for poor prognosis in PLELC patients. In previous studies, high baseline EBV DNA copy number has been

12,13 and overall

shown to be associated with shorter disease-free survival (DFES),!" progression-free survival (PFS),
survival (OS).'>'* However, there are limited prognostic tools for PLELC. Inflammatory markers, such as neutrophil-to-
lymphocyte ratio (NLR) and monocyte—lymphocyte ratio (MLR), are considered related to the prognosis of nasophar-

5718 and as mentioned above, the tumor microenvironment in PLELC is similar to nasopharyngeal

yngeal carcinoma,
carcinoma with infiltration of inflammatory cells around the tumor cells such as lymphocytes and macrophages.'”
Inflammatory markers thus might be closely related to PLELC.

We therefore sought to construct an effective prognostic nomogram model based on inflammatory markers and
clinical factors that could be used to predict the OS of PLELC patients. This work could help to predict the survival of

patients and formulate individual diagnosis and treatment plans for each patient.

Methods
Study Population

An electronic medical record search was performed for data from September, 2009, to February, 2023, at the Sun
Yat-sen University Cancer Center (SYSUCC), China. Study inclusion criteria were as follows: (1) histologically
confirmed PLELC, (2) age 18-75 years, (3) presence of local progression or distant metastasis, (4) presence of
measurable target lesions, (5) absence of other primary tumors, and (6) complete medical records. The exclusion
criteria were (1) lung metastasis originating from nasopharyngeal cancer and lymphoepithelioma-like carcinoma
of other primary sites, (2) nonadvanced PLELC, (3) lack of measurable target lesions, (4) other active tumors, and
(5) incomplete medical history. The need to obtain written informed consent from each participant was waived
due to the retrospective nature of the study, and the data were anonymous. The study was approved by the
Institutional Review Board of SYSUCC (ID: B2020-402-Y02).

Follow-up and Endpoints

Telephone follow-up is conducted every 6 to 12 months until death or loss to follow-up. Clinical efficacy of the treatment
was evaluated every 2 cycles of chemotherapy or every 3 months intervals after radical surgery using CT or 18F-FDG
PET imaging, according to Response Evaluation Criteria In Solid Tumors (RECIST1.1).?° The overall response rate
(ORR) was defined as the proportion of patients with partial or complete response (PR/CR), and the disease control rate
(DCR) was defined as the proportion of PR/CR plus stable disease (SD) cases. Progression-free survival (PFS) was
defined as the time from the initiation of first-line therapy to progressive disease (PD) or death from any cause,
whichever occurred first. Overall survival (OS), calculated from the date of first-line therapy to the date of death from
any cause or the date of last follow-up, served as the main outcome measure.

Baseline Biomarkers

Information obtained at baseline included clinical staging, body mass index (BMI), age, sex, smoking history, metastasis
sites, performance status (PS), treatment, and serum markers, including albumin, low-density lipoprotein cholesterol
(LDL-C), triglycerides (TG), total cholesterol (TC), lactate dehydrogenase (LDH), serum amyloid A (SAA), C-reactive
protein (CRP), neutrophil count, monocyte count, lymphocyte count, and platelet count. The formulas used to calculate
for the inflammatory markers and nutritional indices (PLR, MLR, NLR, CAR, PNI) are given below.
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Prognostic nutritional index (PNI), serum albumin (g/L)+5xlymphocyte count (x10°/L); C-reactive protein-to-
albumin ratio (CAR), C-reactive protein (mg/L)/albumin (g/L); neutrophil-to-lymphocyte ratio (NLR), neutrophil
count (x10%/L)/lymphocyte count (x10%/L); monocyte-to-lymphocyte ratio (MLR), monocyte count (x10°/L)/lymphocyte
count (x10°/L); and platelet-to-lymphocyte ratio (PLR), platelet count (x10%/L)/lymphocyte count (x10%/L).

Continuous and raw variables were dichotomized based on their clinical normal ranges. For converted continuous variables
such as PLR, MLR, NLR, CAR, and PNI, the patients were classified into two subtypes by a cutpoint using the “surv_cutpoint”
function implemented in the R package “survminer” (version 0.4.9). The optimal cut-off values were then calculated based on OS
as follows: neutrophil-to-lymphocyte ratio (NLR): 5.57, platelet-to-lymphocyte ratio (PLR): 300.7, monocyte-to-lymphocyte
ratio (MLR): 0.57, C-reactive protein albumin ratio (CAR): 0.85 and prognostic nutritional index (PNI): 41.6.

Statistical Analysis

Differences in baseline clinical features between patients in the training and validation cohort were analyzed using the chi-
squared test, and the Cox proportional risk model was used for univariate and multivariate survival analysis. Any
statistically significant (P < 0.05) variable from the univariate Cox regression was included in the multivariate Cox
regression analysis. Nomograms were then constructed, and the nomogram score was calculated using the R packages
“rms” and “nomogram Formula”. The training group was used for the development of the nomogram, and the general-
izability of the model was evaluated using the validation cohort. To measure the predictive accuracy and discriminative
ability of the nomogram, we calculated the consistency index (C-index) and the area under the curve (AUC) of the Receiver
Operating Characteristic (ROC), constructed calibration plots and carried out decision curve analysis. Using the survival
ROC method, sensitivity and specificity were calculated at 1, 2, and 3 years to generate time-dependent survival ROC
curves for nomogram model indicators by “timeROC” package in R 4.2.3 referred to previous studies.”'** PFS and OS
were assessed by the Kaplan—Meier method with the Log rank test. All statistical analysis was conducted using R software,
version 4.2.3, and all statistical tests were two-sided, with P <0.05 assumed to indicate statistical significance.

Results

Patient Characteristics and Survival

A total of 451 patients were screened with histologically diagnosed PLELC at Sun Yat-sen University Cancer Center
from May, 2009, to June, 2023. Of those, 185 patients were excluded due to being stage I-II1A, 2 patients were excluded
for receiving radical surgery or radiotherapy, and 10 patients were excluded for being lost to follow-up. Finally, 254
patients diagnosed with recurrent or metastatic PLELC were selected according to the inclusion and exclusion criteria
and randomly assigned to a training cohort (177 cases) and validation cohort (77 cases) at a 7:3 ratio (Figure 1).

The median age was 53 years (interquartile range (IQR), 47-59 years). One hundred and thirty-six (53.5%) patients
were younger than 55 years, 250 (98.3%) patients had PS scores between 0 and 1 and the ratio of men to women was
similar. Because most of the patients had PS scores between 0 and 1, the PS score was not included in the subsequent
analysis. Additionally, 59 (23.2%) patients were positive for hepatitis B virus antigen. In the first-line treatment, 102
(40.2%) patients received platinum-based doublet chemoimmunotherapy, and 88 received (34.6%) platinum-based
doublet chemotherapy. One hundred and eleven cases (43.8%) had EBV DNA copy number data at baseline, and the
median EBV copy number was 13,800 copies/mL. Except for total cholesterol and low-density lipoprotein cholesterol,
other characteristics were balanced between the training and the validation cohort (Table 1).

The PFS and OS were 8.9 months and 50.0 months for the whole population, 8.6 months and 51.8 months in the
training cohort, and 11.0 months and 41.5 months in the validation cohort, respectively (Figure S1).

Constructing a Nomogram

Univariate Cox regression analysis in the training cohort revealed that BMI, hepatitis B virus surface antigen status,
gender, hemoglobin, PNI, PLR, MLR, NLR, and CAR were significantly associated with overall survival (P < 0.05)
(Table S1). In the multivariate Cox regression analysis, the following variables were identified as independent
prognostic factors: hepatitis B virus surface antigen status (P = 0.023, 95% confidence interval (CI): 1.102-3.731,
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Figure | The patient enrollment procedure.

Hazard Ratio (HR): 2.028), Gender (P = 0.021, 95% CI: 0.258-0.895, HR: 0.481), NLR (P = 0.027, 95% CI:
1.121-6.282, HR: 2.653), and CAR (P = 0.013, 95% CI: 1.205-4.983, HR: 2.451) (Table 2). These four independent
risk factors were used to draw a tumor-specific survival prognosis nomogram model (Figure 2). To facilitate clinical
application, free online software for the implementation of this nomogram was provided in our study (https:/
nomogramcxy.shinyapps.io/DynNomapp/).

Table | Baseline Characteristics of Patients in the Training and Validation Cohorts

Characteristics All Patients Training Cohort Validation Cohort P
n=254 n=177 n=77

Age (years) 0.149
<55 136 (53.5%) 89 (50.3%) 47 (61.0%)
>55 | 18(46.5%) 88 (49.7%) 30 (39.0%)

BMI (kg/m?) 0.533
<21 58 (22.8%) 38 (21.5%) 20 (26.0%)
>21 196 (77.2%) 139 (78.5%) 57 (74.0%)

Hepatitis B virus surface antigen status 0.901
Negative 195 (76.8%) 135 (76.3%) 60 (77.9%)
Positive 59 (23.2%) 42 (23.7%) 17 (22.1%)

(Continued)
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Table | (Continued).

Characteristics All Patients Training Cohort Validation Cohort P
n=254 n=177 n=77
Sex 1.000
Male 128 (50.4%) 89 (50.3%) 39 (50.6%)
Female 126 (49.6%) 88 (49.7%) 38 (49.4%)
Smoking history 0.994
No 183 (72.0%) 127 (71.8%) 56 (72.7%)
Yes 71 (28.0%) 50 (28.2%) 21 (27.3%)
Bone metastasis 0.823
No 164 (64.6%) 113 (63.8%) 51 (66.2%)
Yes 90 (35.4%) 64 (36.2%) 26 (33.8%)
Liver metastasis 0.574
No 189 (74.4%) 134 (75.7%) 55 (71.4%)
Yes 65 (25.6%) 43 (24.3%) 22 (28.6%)
Site 0.409
0-1 150 (59.1%) 108 (61.0%) 42 (54.5%)
>| 104 (40.9%) 69 (39.0%) 35 (45.5%)
Total cholesterol (mmol/L) 0.041
<57 199 (78.3%) 132 (74.6%) 67 (87.0%)
>5.7 55 (21.7%) 45 (25.4%) 10 (13.0%)
LDL-L (mmol/L) 0.029
<34 168 (66.1%) 109 (61.6%) 59 (76.6%)
>34 86 (33.9%) 68 (38.4%) 18 (23.4%)
TG (mmol/L) 0.965
<1.92 200 (78.7%) 140 (79.1%) 60 (77.9%)
>1.92 54 (21.3%) 37 (20.9%) 17 (22.1%)
Hb (mg/L) 0.619
>110 37 (14.6%) 24 (13.6%) 13 (16.9%)
<110 217 (85.4%) 153 (86.4%) 64 (83.1%)
SAA (mg/L) 0.319
<10 89 (35.0%) 66 (37.3%) 23 (29.9%)
>10 165 (65.0%) 111 (62.7%) 54 (70.1%)
LDH (U /L) 0.853
<250 149 (58.7%) 105 (59.3%) 44 (57.1%)
>250 105 (41.3%) 72 (40.7%) 33 (42.9%)
PNI 0.704
<41.6 125 (49.2%) 89 (50.3%) 36 (46.8%)
>41.6 129 (50.8%) 88 (49.7%) 41 (53.2%)
CAR 0.487
<0.85 203 (79.9%) 144 (81.4%) 59 (76.6%)
>0.85 51 (20.1%) 33 (18.6%) 18 (23.4%)
MLR 0.255
<0.57 213 (83.9%) 152 (85.9%) 61 (79.2%)
>0.57 41 (16.1%) 25 (14.1%) 16 (20.8%)
NLR 0.448
<5.57 216 (85.0%) 153 (86.4%) 63 (81.8%)
>557 38 (15.0%) 24 (13.6%) 14 (18.2%)
PLR 0.309
<300.7 212 (83.5%) I51 (85.3%) 61 (79.2%)
>300.7 42 (16.5%) 26 (14.7%) 16 (20.8%)
(Continued)
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Table 1 (Continued).

Characteristics All Patients Training Cohort Validation Cohort P
n=254 n=177 n=77
EBYV viral load data 0.947
Gained 143 (56.2%) 100 (56.5%) 43 (55.8%)
None 11 (43.8%) 77 (43.5%) 34 (44.2%)
EBV Viral load (copy/mL) 13,800.00 12,400 19,000 0.274
(median [IQR]) [2210.00,67,750.00] [1630;62,500] [3548;165,250]
First-line treatment 0.073
Platinum-based dual chemoimmunotherapy 102 (40.2%) 63 (35.6%) 39 (50.6%)
Platinum-based dual chemotherapy 88 (34.6%) 66 (37.3%) 22 (28.6%)
Others 64 (25.2%) 48 (27.1%) 16 (20.8%)
Immunotherapy used
No 75 (29.5%) 121 (68.4%) 58 (75.3%) 0.333
Yes 179 (70.5%) 56 (31.6%) 19 (24.7%)
TNM
11l 41 (16.1%) 12 (15.6%) 29 (16.4%) 1.000
v 203 (79.9%) 62 (80.5%) 141 (79.7%)
Relapse 10 (4.0%) 3 (3.90%) 7 (3.95%)

Notes: Values in bold are significant (P < 0.05). Others: 22 patients received non-platinum-based chemotherapy alone or combined with immunotherapy, and 33 patients
received chemotherapy combined with anti-angiogenic therapy. 4 patients received immunotherapy only, 2 patients received targeted therapies only, and 3 patients received

immunotherapy plus anti-angiogenic therapy.

Abbreviations: BMI, height/weight/weight, body mass index; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; TC, total cholesterol SAA, serum amyloid A;
LDH, lactate dehydrogenase; PNI, prognostic nutritional index; CAR, C-reactive protein-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; IQR, interquartile range.

Table 2 Multivariate Cox Regression Analysis for OS in the

Training Cohort

Characteristics

BMI

Sex
Hb
PNI
PLR
MLR
NLR
CAR

Hepatitis B surface antigen status

Multivariate Analysis

HR (95% CI) P
0.667 (0.320-1.389) | 0.279
2.028 (1.102-3.731) | 0.023*
0.481 (0.258-0.895) | 0.021*
0.936 (0.307-2.852) | 0.910
0.507 (0.249-1.032) | 0.061
1.001 (0.453-2.214) | 1.000
0.948 (0.394-2.280) | 0.900
2.653 (1.121-6.282) | 0.027*
2451 (1.205—4.983) | 0.013*

Notes: *P < 0.05; Values in bold are significant (P < 0.05). *P < 0.05.
Abbreviations: HR, Hazard Ratio; Cl, confidence interval; BMI, height/weight/
weight, body mass index; LDL-c, low-density lipoprotein cholesterol; TG, trigly-
ceride; TC, total cholesterol; SAA, serum amyloid A; LDH, lactate dehydrogen-
ase; PN, prognostic nutritional index; CAR, C-reactive protein-to-albumin ratio;
NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio, PLR,
platelet-to-lymphocyte ratio.
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Figure 2 The Nomogram model for |-, 2-, and 3-year OS in the training cohort.
Abbreviation: OS, overall survival.

Evaluation and Validation of the Nomogram Model

The nomogram model was evaluated and validated using several methods. First, the C-index in the training cohort was
0.740 (95% CI: 0.706—0.747), and the C-index of the validation cohort was 0.733 (95% CI: 0.678-0.788), which was
very similar to the actual OS. The AUCs for the training cohort were 0.846 (95% CI: 0.759-0.933), 0.730 (95% CI:
0.623-0.836), and 0.763 (95% CI: 0.665-0.860) at 1, 2, and 3 years, respectively (Figure 3A), and the AUCs for the
validation cohort were 0.702 (95% CI: 0.485-0.920), 0.884 (95% CI: 0.780-0.988), and 0.682 (95% CI: 0.506—0.858) at
1, 2, and 3 years, respectively (Figure 3C). Calibration plots of OS probabilities at 1, 2, and 3 years for patients with
advanced PLELC showed a high degree of agreement between the actual survival predictions of the training and
validation cohorts as well (Figure 3B and D). The model had good prediction accuracy, high discrimination ability,
and excellent reliability in the training and validation cohort.

Comparison of the Nomogram Model with EBV DNA

One hundred eleven out of the 254 patients with EBV-DNA copy-number data in the baseline were included in this study.
The baseline characteristics of these patients were similar to the overall population (Table S2). PFS was 11.2 months, and
OS was 61.4 months in this population, and the level of EBV DNA predicted the OS of PLELC. Importantly, the
population with low-level EBV DNA had a better OS (P = 0.025) (Figure S2A). When comparing the predictive power of
EBV DNA, the nomogram model, and the nomogram model plus EBV DNA, the C-index values were 0.617 (95% CI:
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Figure 3 ROC curves and calibration curves to predict OS at |, 2, and 3 years in the training cohort (A and B) and in the validation cohort (C and D).
Abbreviation: OS, overall survival.

0.572-0.662), 0.744 (95% CI: 0.696-0.791), and 0.769 (95% CI: 0.718 —0.820), respectively. In addition, the AUCs were
0.619 (95% CI: 0.519-0.719), 0.695 (95% CI: 0.586-0.804), and 0.715 (95% CI: 0.604-0.826), respectively (Figure 4A).
In Decision Curve Analysis (DCA), the 1-year and 2-year decision curves showed that the nomogram model had better
clinical application ability compared to the EBV copy number, but the nomogram plus EBV copy number model was the
best (Figure 4B and C).

Efficacy of Immunotherapy in PLELC Patients

A total of 190 patients in our study received platinum-based doubled chemotherapy (88 cases) or chemoimmunotherapy
(102 cases) in first-line treatment. The median OS and PFS of the 190 patients were 51.8 and 9.4 months, and the
baseline clinical characteristics of the patients were well balanced except for hepatitis B virus surface antigen status and
age (Table S3). Furthermore, the ORR for those receiving chemoimmunotherapy was higher than the chemotherapy
group (71.1% vs 42.2%), as was DCR (97.8% vs 86.7%) (Table S4). Kaplan—-Meier survival analysis showed that the
median PFS of chemoimmunotherapy as the first-line treatment was longer than that of chemotherapy alone (16.5 vs 7.2
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Figure 4 ROC curves (A) and decision curves for |-year (B) and 2-year (C) overall survival for different models in patients with available EBV DNA data.

months, P < 0.001) (Figure 5A). Similarly, Kaplan—Meier survival analysis also showed that the OS of chemoimmu-
notherapy was longer (not reached vs 44.4 months, P = 0.015) (Figure 5B). We further verified that the first-line
chemoimmunotherapy (P = 0.036, 95% CI: 0.26-0.96, HR: 0.50), hepatitis B virus status (P = 0.001, 95% CI: 1.44-4.24,
HR: 2.47), sex (P = 0.041, 95% CI: 0.32-0.98, HR: 0.56), NLR (P < 0.001, 95% CI: 1.72-7.60, HR: 3.62), and CAR (P =
0.026, 95% CI: 1.09-4.18, HR: 2.14) were independent prognostic factors in multivariate cox regression analysis
(Figure S3).

Moreover, we compared OS between patients who had previously used immunotherapy (179 cases) and those who
had not received immunotherapy (75 cases). Most baseline clinical characteristics of the patients were well balanced
(Table S5). Kaplan—Meier survival curve analysis also showed that OS was significantly prolonged in patients who
received immunotherapy in the first line or later, compared to those who had never received immunotherapy (not reached

vs 31.0 months, P < 0.001) (Figure S2B).
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Figure 5 Kaplan—Meier survival analysis of PFS (A) and OS (B) in patients who received first-line chemoimmunotherapy and chemotherapy.
Abbreviations: m, months; OS, overall survival; PFS, progression-free survival.

Discussion

This study successfully established a nomogram model composed of inflammatory markers and clinical characteristics
that predict the survival of patients with advanced PLELC. The nomogram model plus baseline plasma EBV-DNA copy
shows an even better predictive effect. This study was the largest real-world study of advanced PLELC patients ever to
be reported to our knowledge, as it included 254 patients with advanced PLELC. Finally, four factors, gender, hepatitis
B virus surface antigen status, NLR, and CAR, were identified as independent prognostic factors and used to construct
a prognostic nomogram model.

The dynamics of immune cell subsets in peripheral blood is correlated with the systemic inflammatory response and
intratumorally inflammatory state, which might be a relevant factor in metastatic and active tumors.”> >’ PLELC is an
immunologically “hot” tumor that displays highly immunologically activated cells and a highly inflammatory environ-
ment. Therefore, it is of great significance to establish an inflammation-related prediction model in PLELC which is
closely related to inflammation. Due to the low incidence of PLELC, there is a lack of effective predictive models for
advanced PLELC. We included 11 systemic inflammation-related factors and 7 clinical factors in univariate Cox
regression analysis. To our knowledge, this is the first study to evaluate the prognostic abilities of immune inflammatory
indicators and clinical factors in PLELC.

Some previous studies had reported the relationship between hematological factors and prognosis in PLELC. Mao
et al’® developed a model including 14 hematological and 3 clinical indicators, while our study established a 4-factor
model based on hematological and clinical indicators, which comprehensively reflected the characteristics of tumors and
was more convenient in clinical practice. In addition, the online tool makes it easier to apply. Due to the low incidence

and long survival of PLELC, Mao et al*®

only explored a model of PFS. Our model further explored the model based on
OS, which could more directly reflect the survival of patients and have higher clinical reference value. EBV-DNA was
a classical prognostic biomarker for PLELC.'"'* However, in the Mao’s study,”® the prognostic role of EBV-DNA in
PLELC was not considered. Our study’s results align with and extend these previous findings, demonstrating that the
model plus EBV-DNA has better predictive power in the context of PLELC. The model is a powerful complementary
tool to EBV-DNA. Previous studies have shown that EBV promotes cancer cell growth and metastasis by inducing ATR

pathway activation through affecting the inflammatory microenvironment in nasopharyngeal carcinoma, such as M2
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tumor-associated macrophages.”’ Therefore, EBV may be associated with the inflammatory phenotype of PLELC
tumors, but the exact mechanism needs to be further studied.

Recent studies have shown that inflammatory markers are closely related to the poor clinical prognosis of various
cancers.>*>* Neutrophils release MMP-9 and other substances, promote angiogenesis, and provide more escape routes
for tumor cells.>> Tumor-associated neutrophils induce genetic instability and the occurrence of tumors.>® Tumor
lymphocytes promote antitumor activity through their unique pattern of antigen presentation.’” To some extent, these
support the conclusion that NLR is a poor prognostic factor in our study. Previous studies have shown an inverse
association between albumin and CRP levels.”® C-reactive protein inhibits tumor immunity and promotes tumor lung
metastasis by activating FcyR2B in pulmonary macrophages.>® Albumin is the most abundant carrier protein in plasma
with a tendency to be enriched in tumors, which plays an important role in the efficacy of drugs.*® In addition, the low
albumin level is one of the manifestations of cachexia, which might also be related to the poor prognosis.*' CAR, the
ratio of CRP to albumin, may be associated with survival outcomes,** which is consistent with our findings that CAR
was a poor prognostic factor for PLELC.

Hepatitis B virus infection is associated with poor prognosis in a variety of cancers besides liver cancer, including
nasopharyngeal carcinoma, cervical cancer, NSCLC, and others.***° The reasons for worse prognoses in patients with
hepatitis B virus infection are possibly due to hepatitis flare-up after chemotherapy or poor liver function reserve. The
findings of Li*® suggest that the coordinated action of the hepatitis B virus and EBV might promote the invasion and
migration of cancer cells through epithelial-mesenchymal transition. Our present results suggest that hepatitis B virus
positivity may be predictive of poor prognoses for the EBV-associated tumors in addition to nasopharyngeal carcinoma.
However, the specific mechanism for interaction between HBV and EBV in PLELC remains to be further explored in the
future. Gender is also recognized as an independent prognostic factor for NSCLC,*’ a result that we also found in this
study. Males had worse prognoses, which may be due to men’s tendencies to make riskier lifestyle choices (especially
smoking) than women, as well as the different genetic, epigenetic and metabolic mechanisms inherent in tumors.***°

We confirmed that platinum-based immune-chemotherapy in first-line treatment had a longer PFS than chemotherapy
for advanced PLELC patients.’™>' Moreover, we also demonstrated the overall survival benefit from first-line immu-
notherapy using real-world data. In addition, patients who used immunotherapy in any line during the treatment had
a longer survival time than those who never used it. Therefore, our research shows that immunotherapy is an important
treatment for advanced PLELC patients. The high expression of PD-L1 may also be the reason for the good efficacy of
immunotherapy in PLELC.*’

The main limitations of this study are that it is a single-center and retrospective study with a predominantly Asian
population, which may introduce selection biases. Second, the research about biomarkers and different combination
regimens of immunotherapy remain to be explored in PLELC. Lastly, different doses of drugs have an effect on the
prognosis, and the retrospective study has limited information on the detailed doses. However, our prognostic model still
showed good discrimination, reliability, and reproducibility. Multi-center, large-sample, and prospective studies are
needed to validate our results.

Conclusion

In conclusion, this study established a nomogram prognostic model for patients with advanced pulmonary lymphoe-
pithelioma-like carcinoma, and the model was even more effective at predicting prognosis when combined with EBV
copy number. Immunotherapy was also found to be an important treatment option for PLELC. However, prospective,
large-sample studies are needed to validate the prognostic ability of our model and the role of immunotherapy in
PLELC.

Data Sharing Statement
The original contributions presented in the study are included in the article/Supplementary Material, and further inquiries
can be directed to the corresponding authors.
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