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Background: Nutritional status is a recognized prognostic factor in oncology. However, its impact on patients with recurrent or
metastatic nasopharyngeal carcinoma (R/M NPC) treated with the PD-L1 inhibitor KL-A167 remains unclear.

Methods: We conducted a secondary exploratory analysis of the KL-A167 trial, which included 153 patients with R/M NPC who had
progressed after at least two lines of chemotherapy. Baseline nutritional status was assessed using the Controlling Nutritional Status
(CONUT) score, Nutritional Risk Index (NRI), and Prognostic Nutritional Index (PNI). The associations between these indices and
survival outcomes, including overall survival (OS) and progression-free survival (PFS), were analyzed using Kaplan-Meier methods
and Cox regression models.

Results: Baseline nutritional status was associated with survival outcomes. In multivariable Cox analyses as continuous variables,
higher CONUT, lower NRI, and lower PNI were all independently associated with worse OS (all p < 0.01), while higher CONUT and
lower PNI were independently associated with worse PFS (both p < 0.01). In categorical analyses, high CONUT and low PNI were
independently associated with worse OS, and high CONUT, low NRI, and low PNI were independently associated with worse PFS.
Conclusion: Baseline nutritional indices, particularly PNI, were associated with OS and PFS in patients with R/M NPC treated with
the PD-L1 inhibitor KL-A167. Routine baseline nutritional screening may help identify high-risk patients before immunotherapy,
although the clinical benefits of early nutritional interventions remain to be confirmed.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial malignancy of the nasopharynx associated with Epstein—Barr virus
(EBV) infection. It is endemic to Southeast Asia, with an incidence of 4 to 25 cases per 100,000 people.! While
treatments like imaging, radiotherapy, and systemic therapies have improved survival,' > many patients still experience
relapse or metastasis. Around 15% of patients present with metastatic disease, and 20% to 40% will eventually recur,

which is associated with poor outcomes.”
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Programmed death-1 ligand (PD-L1) is often overexpressed in NPC, which suppresses T-cell activity. This provides
a rationale for using immune checkpoint inhibitors.” Clinical trials have demonstrated survival benefits for anti-PD-L1
therapy in patients with chemotherapy-refractory recurrent or metastatic disease.”°

Malnutrition is common in oncology and negatively impacts treatment response, toxicity, and quality of life.” The
Patient-Generated Subjective Global Assessment (PG-SGA) is a standard tool, but simpler laboratory-based indices are
frequently used. The Controlling Nutritional Status (CONUT) score, Nutritional Risk Index (NRI), and Prognostic
Nutritional Index (PNI) are examples that have shown prognostic value in various cancers.® '

Recent studies suggest a link between baseline nutrition and immunotherapy outcomes.'*'* However, most data
involve PD-1 rather than PD-L1 inhibitors, and the prognostic role of these indices in R/M NPC remains uncertain. For
instance, our prior work demonstrated that anatomical tumor burden, specifically baseline liver metastasis, was an
independent adverse prognostic factor for survival.'> However, evaluating the host’s systemic state offers
a complementary and potentially modifiable dimension compared to fixed anatomical characteristics. In this study, we
selected three widely used nutritional indices — CONUT, NRI, and PNI. These indices combine different biological
parameters (serum albumin, lymphocyte count, total cholesterol, and body weight/height) that collectively reflect visceral
protein reserves, systemic inflammation, metabolic status, and host anti-tumor immunity. Therefore, we conducted
a secondary exploratory analysis of the KL-A167 trial to clarify the prognostic significance of these baseline nutritional

indices in patients with R/M NPC treated with the PD-L1 inhibitor KL-A167.

Methods

Study Population

This is a secondary exploratory analysis of the open-label, multicenter, Phase II KL-A167 trial (NCT03848286). We
included 153 patients with non-keratinizing R/M NPC. All patients had disease progression after at least two prior
chemotherapy regimens, including at least one platinum-based treatment. The primary trial methods have been pre-
viously reported.'® Over the follow-up period, a total of 102 death events (66.67%) and 139 PFS events (90.85%)
occurred. The median follow-up time was 27.7 months (95% CI: 26.9-28.6) for the intention-to-treat (ITT) population.
The primary clinical outcomes were progression-free survival (PFS) and overall survival (OS). PFS was calculated from
the date of the first dose of KL-A167 to the first occurrence of documented disease progression or death from any cause.
OS was calculated from the date of the first dose of KL-A167 to death from any cause. Patients without progressive
disease or death at the data cutoff were censored at the date of their last evaluable efficacy assessment. Efficacy was
evaluated by investigators according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.
Radiographic tumor assessments (computed tomography or magnetic resonance imaging of the nasopharynx, head,
neck, chest, abdomen, and pelvis) were performed at baseline, every 6 weeks during the first 24 months of treatment, and
every 12 weeks thereafter until disease progression.

Evaluation of Nutrition Status

The CONUT score was derived from serum albumin, total cholesterol, and lymphocyte count.'” This composite index
has been applied as a nutritional and prognostic marker in several diseases, including cancer, cardiovascular conditions,
and liver disorders.'® The NRI, originally proposed by Buzby et al,'” was determined by: NRI = 1.489 x serum albumin
(g/L) + 41.7 x (current body weight/usual body weight). However, because usual body weight (UBW) is often difficult to
obtain objectively and typically relies on patient recall or estimation in clinical practice (which introduces memory/recall
bias), ideal body weight (IBW) is commonly used as a substitute. In our study, current body weight and height were
successfully obtained for all 153 patients (100%), and NRI was calculated for all patients using the IBW-based modified
formula: NRI = 1.489 x serum albumin (g/L) + 41.7 x (current weight/ideal weight), where ideal weight was calculated
using the Lorentz equations:** Men: ideal weight = height (cm) - 100 - (height (cm) - 150)/4; Women: ideal weight =
height (cm) - 100 - (height (cm) - 150)/2.5. The PNI, as defined by Onodera et al*' incorporated serum albumin and total
lymphocyte count: PNI = 10 x albumin (g/dL) + 0.005 x lymphocyte count (/mm®). A summary of the definitions and
thresholds for these indices is presented in Figure 1.
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Figure | The definition, calculation formula, and scoring criteria of three nutritional indices.

Statistical Methods

The outcome measures were OS and PFS. Survival was estimated using the Kaplan—Meier method and compared with Log
rank tests. To identify independent prognostic factors, multivariable Cox proportional hazards regression models were
constructed. Because the CONUT score, NRI, and PNI share variables (eg., serum albumin) and are highly correlated, they
were entered into separate multivariable Cox regression models to prevent severe multicollinearity. The multivariable
models were adjusted for baseline covariates including age, gender, T stage, N stage, smoking history, alcohol history, past
radiotherapy history, Eastern Cooperative Oncology Group Performance Status (ECOG PS), and baseline liver metastasis.
The proportional hazards assumption was tested using the Schoenfeld residuals method. Multicollinearity among the
adjusted covariates within each separate model was evaluated using the Variance Inflation Factor (VIF). Analyses were
performed in R (version 4.3.1), with a two-sided p-value < 0.05 considered statistically significant.

Results

Patient Characteristics
The study included 153 patients (mean age 47.6 £ 9.8 years; 81.7% male). By body mass index (BMI), 60.8% were
normal weight, 19.0% were underweight and 20.3% were overweight. Baseline characteristics are detailed in Table 1.

Table | Clinical and Demographic Characteristics of the KL-A167

Cohort
Overall
n 153
Age (mean (SD)) 47.56 (9.81)
Gender (%)
Male 125 (81.7)
Female 28 (18.3)
BMI category (%)
Underweight 29 (19.0)
Normal 93 (60.8)
Overweight 31 (20.3)
Tumor Stage (%)
TO-T2 52 (34.0)
T3-T4 50 (32.7)
Tx 51 (33.3)

(Continued)
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Table | (Continued).

Overall

Node Stage (%)

NO-N2 84 (54.9)
N3 26 (17.0)
Nx 43 (28.1)
Smoking History (%)

Never 98 (64.1)
Current and former 55 (35.9)
Alcohol History (%)

Never 111 (72.5)
Current and former 42 (27.5)
Past Radiotherapy History (%)

Yes 146 (95.4)
No 7 (4.6)
ECOG PS (%)

0 59 (38.6)

| 94 (61.4)
Liver Metastasis (%)

No 82 (53.6)
Yes 71 (46.4)
CONUT (mean (SD)) 3.03 (1.38)
NRI (mean (SD)) 101.01 (8.57)
PNI (mean (SD)) 46.33 (5.12)
Median follow-up (months (95% CI)) 27.7 (26.9-28.6)
Death events (n (%)) 102 (66.67)
PFS events (n (%)) 139 (90.85)

Abbreviations: BMI, Body Mass Index (calculated as weight in kilograms divided by
height in meters squared); CONUT, Controlling Nutritional Status; NRI, Nutritional
Risk Index; PNI, Prognostic Nutritional Index; ECOG PS, Eastern Cooperative
Oncology Group Performance Status.

Nutritional Indices Measurements and Correlations

Two patients were excluded from the CONUT analysis due to missing total cholesterol data; thus, CONUT was
calculated for 151 patients, and NRI and PNI for 153 patients. Mean values were 3.03 + 1.38 for CONUT, 101.01 +
8.57 for NRI, and 46.33 + 5.12 for PNI. Although clinical thresholds for these indices exist in the literature, they were
developed for surgical or non-oncological populations. To maintain statistical power and reflect the specific distribution
characteristics of this heavily pretreated R/M NPC cohort, patients were divided into high and low groups based on
median values: CONUT = 3, NRI = 101.19, and PNI = 46.4. Spearman correlation analysis showed that NRI and PNI
were strongly positively correlated, while CONUT was negatively correlated with both NRI and PNI (Figure 2).

The global test p-values for the multivariable models of CONUT, NRI, and PNI were 0.708, 0.740, and 0.640 for
the continuous models, and 0.767, 0.780, and 0.760 for the categorical models, respectively, for OS; for PFS, the
global test p-values were 0.408, 0.420, and 0.448 for the continuous models, and 0.520, 0.210, and 0.190 for the
categorical models, respectively, indicating that the proportional hazards assumption was satisfied for all models.
Additionally, the maximum equivalent VIF across all models was 2.01 (all VIFs < 5.0), indicating no significant
multicollinearity.

Associations with Survival
Baseline nutritional indices were significantly associated with PFS, whereas only NRI and PNI were significantly associated
with OS (Figure 3). There was no significant difference in OS between the high and low CONUT groups (p = 0.110), but
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Figure 2 Correlation coefficients of three nutritional indices were calculated using Spearman’s rank correlation. Statistical significance is indicated as follows: * p < 0.05, **
p < 0.01, and *** p < 0.001; ns indicates not significant (p = 0.05).
Abbreviations: CONUT, Controlling Nutritional Status; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index.

the low CONUT group had a longer median PFS (93 vs 46 days, p = 0.012). The high-NRI group had better OS (500 vs
355 days, p = 0.010) and PFS (126 vs 40 days, p = 0.010) compared to the low-NRI group. The high-PNI group also
showed longer OS (607 vs 322 days, p < 0.001) and PFS (130 vs 46 days, p = 0.018) than the low-PNI group.

Multivariable Cox regression analyses (Tables 2 and 3) assessed the independent prognostic value of these indices. As
continuous variables for OS, higher CONUT scores were associated with an increased risk of mortality (HR 1.28, 95% CI
1.09-1.49; p = 0.002), while higher NRI (HR 0.96, 95% CI 0.94-0.99; p = 0.002) and PNI (HR 0.92, 95% CI 0.88-0.96;
p <0.001) were protective. In the categorical analyses, high CONUT (HR 1.61, 95% CI 1.02-2.57; p = 0.043) and high
PNI (HR 0.61, 95% CI 0.39-0.95; p = 0.030) remained independent prognostic factors for OS, whereas categorical NRI
did not exhibit a statistically significant association with OS (p = 0.179).

For PFS, continuous CONUT was associated with increased progression risk (HR 1.20, 95% CI 1.05-1.38; p =
0.007). Continuous NRI was borderline associated with decreased risk of progression (HR 0.98, 95% CI 0.96-1.00;
p = 0.057), and continuous PNI was associated with decreased risk (HR 0.95, 95% CI 0.91-0.98; p = 0.006).
Categorical analyses showed significant associations with PFS for high CONUT (HR 1.51, 95% CI 1.03-2.21; p =
0.033), high NRI (HR 0.66, 95% CI 0.45-0.95; p = 0.027), and high PNI (HR 0.64, 95% CI 0.43-0.95; p = 0.026). All
multivariable hazard ratios, confidence intervals, and p-values for the nutritional indices and adjusted covariates are
detailed in Tables 2 and 3.
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Figure 3 Kaplan-Meier curves of patients with high and low groups of nutritional indices. (A) Kaplan-Meier curve showing overall survival (i) and progression-free survival
(ii) of patients with high and low CONUT; (B) Kaplan-Meier curve showing overall survival (i) and progression-free survival (ii) of patients with high and low NRI; (C)
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Table 2 Multivariable Cox Proportional Hazards Regression Analyses of Baseline Nutritional Indices (Continuous) for

Overall Survival (OS) and Progression-Free Survival (PFS) in Separate Models

Variable/Model OS HR (95% CI) OS p-value PFS HR (95% CI) PFS p-value
Model I: CONUT-based Model
Continuous CONUT score 1.28 (1.09-1.49) 0.002 1.20 (1.05-1.38) 0.007
Adjusted Covariates:
Age (continuous) 0.99 (0.97-1.01) 0.250 0.98 (0.97-1.00) 0.068
Gender (Female vs. Male) 0.91 (0.51-1.60) 0.732 0.83 (0.51-1.35) 0.461
T stage (T3-T4 vs. TO-T2) 0.92 (0.55-1.52) 0.741 0.77 (0.50-1.21) 0.257
N stage (N3 vs. NO-N2) 1.15 (0.66—1.98) 0.623 1.23 (0.75-2.01) 0.406
Smoking history (Never vs. Current/former) 0.73 (0.43-1.24) 0.248 1.41 (0.89-2.25) 0.145
Alcohol history (Never vs. Current/former) 0.95 (0.54-1.67) 0.860 0.64 (0.39-1.04) 0.074
Past radiotherapy history (Yes vs. No) 0.80 (0.28-2.31) 0.676 0.69 (0.28-1.68) 0414
ECOG PS (I vs. 0) 2.90 (1.75-4.83) < 0.001 1.51 (1.02-2.23) 0.039
Baseline liver metastasis (Yes vs. No) 2.97 (1.89—4.66) <0.001 1.85 (1.27-2.71) 0.001
Model 2: NRI-based Model
Continuous NRI score 0.96 (0.94-0.99) 0.002 0.98 (0.96—1.00) 0.057
Adjusted Covariates:
Age (continuous) 0.98 (0.96—1.00) 0.129 0.98 (0.97-1.00) 0.054
Gender (Female vs. Male) 0.96 (0.54-1.71) 0.896 0.88 (0.54-1.44) 0.617
T stage (T3-T4 vs. TO-T2) 0.87 (0.53-1.43) 0.594 0.72 (0.46-1.13) 0.151
N stage (N3 vs. NO-N2) 1.13 (0.66—1.92) 0.661 1.10 (0.67-1.80) 0.700
Smoking history (Never vs. Current/former) 0.63 (0.38-1.07) 0.086 1.35 (0.84-2.17) 0213
Alcohol history (Never vs. Current/former) 1.27 (0.74-2.21) 0.387 0.73 (0.45-1.18) 0.201
Past radiotherapy history (Yes vs. No) 0.78 (0.27-2.22) 0.636 0.76 (0.32-1.83) 0.538
ECOG PS (I vs. 0) 2.53 (1.54-4.14) < 0.001 1.44 (0.97-2.12) 0.070
Baseline liver metastasis (Yes vs. No) 3.00 (1.924.71) < 0.001 1.91 (1.31-2.78) 0.001
Model 3: PNI-based Model
Continuous PNI score 0.92 (0.88-0.96) < 0.001 0.95 (0.91-0.98) 0.006
Adjusted Covariates:
Age (continuous) 0.98 (0.96-1.00) 0.053 0.98 (0.96-0.99) 0.023
Gender (Female vs. Male) 1.02 (0.57-1.81) 0.947 0.94 (0.57-1.53) 0.793
T stage (T3-T4 vs. TO-T2) 0.80 (0.48-1.34) 0.400 0.68 (0.43-1.07) 0.092
N stage (N3 vs. NON2) 1.05 (0.61-1.79) 0.864 1.08 (0.66—1.77) 0.759
Smoking history (Never vs. Current/former) 0.69 (0.41-1.15) 0.152 1.37 (0.86-2.18) 0.187
Alcohol history (Never vs. Current/former) 1.06 (0.62—1.84) 0.823 0.70 (0.43-1.12) 0.136
(Continued)
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Table 2 (Continued).

Variable/Model OS HR (95% CI) OS p-value PFS HR (95% CI) PFS p-value
Past radiotherapy history (Yes vs. No) 0.68 (0.24-1.95) 0.472 0.68 (0.28-1.63) 0.385
ECOG PS (I vs. 0) 251 (1.53-4.12) < 0.001 1.38 (0.94-2.05) 0.102
Baseline liver metastasis (Yes vs. No) 3.11 (1.98-4.88) < 0.001 1.93 (1.32-2.81) 0.001

Abbreviations: Cl, confidence interval; CONUT, Controlling Nutritional Status; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR,
hazard ratio; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index; PFS, progression-free survival; OS, overall survival; T/N stage, tumor/node stage.
Note: Baseline covariates include age, gender, T stage, N stage, smoking history, alcohol history, past radiotherapy history, ECOG PS, and baseline liver
metastasis. Separate models were run for each nutritional index to prevent multicollinearity.

Table 3 Multivariable Cox Proportional Hazards Regression Analyses of Baseline Nutritional Indices (Categorical) for

Overall Survival (OS) and Progression-Free Survival (PFS) in Separate Models

Variable/Model OS HR (95% CI) | OS p-value | PFS HR (95% CI) | PFS p-value

Model I: CONUT-based Model

Categorical CONUT score (low-CONUT as reference) | 1.61 (1.02-2.57) 0.043 1.51 (1.03-2.21) 0.033

Adjusted Covariates:

Age (continuous) 0.99 (0.97-1.01) 0.322 0.99 (0.97-1.00) 0.068
Gender (Female vs. Male) 0.93 (0.52—1.64) 0.790 0.80 (0.49-1.31) 0.372
T stage (T3-T4 vs. TO-T2) 1.04 (0.63-1.69) 0.888 0.80 (0.52-1.24) 0.316
N stage (N3 vs. NO-N2) 1.13 (0.65-1.95) 0.665 1.24 (0.76-2.02) 0.392
Smoking history (Never vs. Current/former) 0.72 (0.42-1.23) 0.227 1.48 (0.92-2.38) 0.108
Alcohol history (Never vs. Current/former) 1.03 (0.59-1.82) 0911 0.65 (0.40-1.06) 0.087
Past radiotherapy history (Yes vs. No) 0.78 (0.27-2.26) 0.647 0.73 (0.30-1.78) 0.486
ECOG PS (I vs. 0) 2.98 (1.79-4.96) < 0.001 1.56 (1.06-2.31) 0.026
Baseline liver metastasis (Yes vs. No) 2.83 (1.814.43) <0.001 1.81 (1.24-2.64) 0.002

Model 2: NRI-based Model

Categorical NRI score (low-NRI as reference) 0.75 (0.49-1.14) 0.179 0.66 (0.45-0.95) 0.027

Adjusted Covariates:
Age (continuous) 0.98 (0.96-1.01) 0.138 0.98 (0.97-1.00) 0.051
Gender (Female vs. Male) 0.96 (0.55-1.74) 0.944 0.92 (0.56-1.50) 0.729
T stage (T3-T4 vs. TO-T2) 1.04 (0.65-1.68) 0.866 0.74 (0.48-1.15) 0.183
N stage (N3 vs. NO-N2) 1.06 (0.62-1.82) 0.822 1.05 (0.64-1.72) 0.861
Smoking history (Never vs. Current/former) 0.71 (0.42-1.20) 0.202 1.44 (0.91-2.30) 0.123
Alcohol history (Never vs. Current/former) 1.07 (0.62-1.85) 0.810 0.67 (0.42—-1.08) 0.097
Past radiotherapy history (Yes vs. No) 0.81 (0.28-2.33) 0.697 0.77 (0.32-1.85) 0.559
ECOG PS (I vs. 0) 2.64 (1.60—4.34) < 0.001 1.39 (0.94-2.06) 0.098
Baseline liver metastasis (Yes vs. No) 2.86 (1.844.45) < 0.001 1.92 (1.32-2.80) 0.001
(Continued)
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Table 3 (Continued).

Variable/Model OS HR (95% CI) | OS p-value | PFS HR (95% CIl) | PFS p-value

Model 3: PNI-based Model

Categorical PNI score (low-PNI as reference) 0.61 (0.39-0.95) 0.030 0.64 (0.43-0.95) 0.026

Adjusted Covariates:

Age (continuous) 0.98 (0.96-1.00) 0.129 0.98 (0.96-0.99) 0.043
Gender (Female vs. Male) 0.95 (0.54-1.69) 0.865 0.87 (0.53—1.42) 0.572
T stage (T3-T4 vs. TO-T2) 0.92 (0.56-1.51) 0.739 0.67 (0.42—1.06) 0.089
N stage (N3 vs. NO-N2) 1.02 (0.60-1.76) 0.934 1.0l (0.61-1.68) 0.955
Smoking history (Never vs. Current/former) 0.72 (0.43-1.21) 0.216 1.50 (0.95-2.37) 0.085
Alcohol history (Never vs. Current/former) 1.13 (0.65-1.95) 0.669 0.68 (0.43-1.10) 0.115
Past radiotherapy history (Yes vs. No) 0.66 (0.23-1.90) 0.441 0.64 (0.26—1.55) 0.322
ECOG PS (I vs. 0) 2.46 (1.48-4.06) < 0.001 1.37 (0.92-2.03) 0.117
Baseline liver metastasis (Yes vs. No) 2.84 (1.82-4.43) < 0.001 1.87 (1.28-2.72) 0.001

Abbreviations: Cl, confidence interval; CONUT, Controlling Nutritional Status; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR,
hazard ratio; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index; PFS, progression-free survival; OS, overall survival; T/N stage, tumor/node stage.
Note: Baseline covariates include age, gender; T stage, N stage, smoking history, alcohol history, past radiotherapy history, ECOG PS, and baseline liver
metastasis. Separate models were run for each nutritional index to prevent multicollinearity.

Discussion

This secondary exploratory analysis evaluated the prognostic value of baseline nutritional status in patients with R/M NPC
receiving the PD-L1 inhibitor KL-A167. While our previous analysis of the identical KL.-A167 trial cohort established the
prognostic impact of anatomical tumor burden, specifically identifying baseline liver metastasis as an independent adverse
factor,'” the present study explores the dataset from a complementary host-centric dimension. This is consistent with other
immunotherapeutic settings, where combining anatomical indices (such as tumor burden score) with biochemical markers
(such as alpha-fetoprotein) has been shown to effectively predict survival outcomes in patients treated with anti-PD-1
antibodies.”> We demonstrated that baseline nutritional indices are independently associated with survival outcomes:
continuous CONUT, NRI, and PNI are associated with OS, while continuous CONUT and PNI are associated with PFS.
In categorical analyses, CONUT and PNI are independent prognostic factors for OS, and all three indices (CONUT, NRI,
and PNI) are independent prognostic factors for PFS. It is important to distinguish between prognostic and predictive
biomarkers: our findings indicate a prognostic association (correlating baseline host status with survival outcomes) rather
than a predictive capacity to determine specific therapeutic benefit from PD-L1 inhibitors compared to other agents. Given
the rapid evolution of cancer immunotherapy, including immune checkpoint inhibitors and novel therapeutic vaccines,*
identifying reliable prognostic biomarkers is crucial to optimize treatment outcomes in advanced settings. Unlike fixed
anatomical characteristics, these blood-based nutritional indices (CONUT, NRI, and PNI) represent modifiable host factors,
supporting further evaluation of baseline nutritional screening as a risk-stratification tool.

The prognostic value of these indices lies in their integration of key physiological parameters reflecting protein
reserves, systemic inflammation, and host immunity. Serum albumin is a classic marker of visceral protein reserves.
Hypoalbuminemia reflects systemic inflammation and cancer-associated malnutrition, which impairs drug metabolism
and increases systemic toxicity. Lymphocytes are the cellular cornerstones of host anti-tumor immunity. Lymphopenia
compromises the immune system’s capacity to mount an effective response against tumor antigens, thereby limiting the
efficacy of immune checkpoint inhibitors. This is particularly relevant in patients who have undergone prior radiotherapy,
as exposure of peripheral blood lymphocytes to X-rays can induce significant DNA damage and alter their immune
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function.>* Total cholesterol reflects cellular membrane integrity and lipid metabolism; low cholesterol is associated with
advanced cachexia and impaired antigen-presenting cell function. Finally, weight loss, captured by body weight changes
in the NRI, is a hallmark of cancer cachexia, reflecting systemic metabolic derangement and predicting shortened
survival across diverse cancer types.”> Together, these markers reflect the host’s physiological resilience and immune
competence.

Several potential clinical confounders could influence the relationship between baseline nutritional status and
survival. For instance, baseline liver metastasis (present in 46.4% of this cohort) can impair hepatic albumin synthesis
and cholesterol metabolism, acting as a major confounder. Other factors, such as high EBV DNA load, elevated lactate
dehydrogenase (LDH), and C-reactive protein (CRP), represent high tumor burden and systemic inflammatory status,
which are intrinsically linked to malnutrition. Additionally, active infections or the use of systemic corticosteroids (which
was restricted in the trial to <=10 mg daily prednisone equivalent within 14 days of the first dose) can cause lymphopenia
or alter weight. Prior heavy treatment lines (all patients failed >2 lines of chemotherapy) also accumulate hematological
and nutritional toxicity. While our multivariable Cox models adjusted for several major baseline confounders—including
age, sex, tumor/node stage, prior radiotherapy, ECOG PS, and liver metastasis—residual confounding from unmeasured
inflammatory factors (like CRP or cytokines) cannot be completely excluded.

In our cohort, 19.0% of patients were underweight, reflecting the long-term radiotherapy-induced toxicities (eg.,
dysphagia, xerostomia, open mouth difficulty) common in R/M NPC patients (95.4% of our cohort had prior radio-
therapy) that impair oral intake and lead to progressive malnutrition. These results align with findings in other
immunotherapy settings, such as advanced lung and head and neck cancers, where baseline PNI and NRI predict
outcomes.'*'* The strong correlation among CONUT, NRI, and PNI is expected due to shared parameters (eg., albumin
and lymphocytes); in clinical practice, PNI may be the most practical because it requires only blood-based albumin and
lymphocyte counts, bypassing height and weight data that are frequently missing or inaccurate in databases. Based on our
findings, we hypothesize that early dietary counseling and multidisciplinary nutritional support prior to immunotherapy
might preserve host physiological reserves and may help preserve nutritional status and deserves prospective evaluation,
consistent with ASCO clinical guidelines.”®

Malnutrition affects more than half of patients with advanced cancer, contributing to approximately 20% of cancer-
related deaths and reducing treatment tolerance while increasing complication risks.”**** This impairment is closely
linked to chronic systemic inflammation, which drives cancer cachexia via cytokine pathways (such as IL-6 and TNF-a)
in a bidirectional manner—malnutrition suppresses immune function, while inflammation accelerates muscle
wasting.>”*® Consequently, routine baseline nutritional screening combined with early anti-inflammatory and dietary
support may help identify patients who require closer nutritional assessment before immunotherapy; prospective trials are
needed to test whether intervention changes outcomes.’*22%728

This study has limitations that should be acknowledged. First, it is a post-hoc secondary exploratory analysis of
a single-arm phase II trial, which limits the level of evidence. Second, we lacked an independent external validation
cohort to confirm the generalizability of our findings, the median cutoffs were data-driven and have not been externally
validated. Third, the sample size (n=153) is relatively small, which limits the statistical power of subgroup analyses.
Fourth, nutritional status was only assessed at baseline, and we lacked longitudinal, dynamic nutritional data during
immunotherapy to evaluate whether nutritional changes correlate with survival. Fifth, despite adjusting for multiple
baseline variables, there remains a potential for residual confounding from unmeasured factors, such as C-reactive
protein, interleukin-6, and other systemic inflammatory cytokines. Lastly the use of ideal body weight instead of usual
body weight for the entire cohort alters the standard clinical definition of the NRI, making it behave closer to a modified
NRI index.

In conclusion, baseline nutritional indices, particularly PNI, were associated with OS and PFS in patients with R/M
NPC treated with the PD-L1 inhibitor KL-A167. These markers may help identify high-risk patients before immunother-
apy. Prospective studies are needed to determine whether nutritional or anti-inflammatory interventions can improve

treatment outcomes in this population.
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Abbreviations

PD-L1, Programmed death-1 ligand; R/M NPC, Recurrent or metastatic nasopharyngeal carcinoma; CONUT, Controlling
Nutritional Status; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index; OS, Overall survival; PFS,
Progression-free survival; NPC, Nasopharyngeal carcinoma; EBV, Epstein—Barr virus; PG-SGA, Patient-Generated
Subjective Global Assessment; HR, Hazard ratio; CI, Confidence interval; ECOG, Eastern Cooperative Oncology
Group; BMI, Body mass index; SD, Standard deviation; IL-6, Interleukin-6; TNF-o, Tumor necrosis factor-alpha.
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