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Purpose: This study investigates the predictive value of early C-reactive protein (CRP) kinetics in patients with de novo metastatic
nasopharyngeal carcinoma (dmNPC) receiving first-line chemotherapy combined with anti-PD-1 mAbs (first-line chemoimmunotherapy).
Patients and Methods: Patients were categorized into three groups based on early CRP kinetics within one and three months after
the start of immunotherapy: (1) CRP flare-responders, with CRP levels rising to more than double the baseline within one month and
subsequently falling below baseline within three months; (2) CRP non-flare-responders, with CRP levels decreasing by more than 30%
within three months without initial flare; (3) CRP non-responders, with no significant CRP changes. Associations with objective
response rate (ORR), and progression-free survival (PFS) were evaluated.

Results: The multicenter study included 149 patients with dmNPC (median follow-up: 22 months). The cohort comprised 39 (26.2%) CRP
flare-responders, 76 (51%) CRP non-flare-responders, and 34 (22.8%) CRP non-responders. CRP flare-responders and non-flare-responders
were combined into CRP responders, showing significantly improved ORR (94.8% vs 79.4%, P=0.009) and prolonged median PFS (20 vs
13 months, P=0.006) compared to CRP non-responders. Multivariable analysis identified early CRP kinetics as an independent prognostic
factor for PFS (HR=2.688, 95% CI: 1.484-4.868, P<0.001). In subgroup analysis, patients with undetectable EBV DNA after three
immunotherapy cycles showed higher median PFS among CRP responders compared to non-responders (28 vs 21 months, P=0.014),
whereas no significant difference was observed in patients with detectable EBV DNA levels (13 vs 8 months, P=0.142).

Conclusion: CRP responders are associated with improved survival outcomes, particularly in patients achieving early EBV DNA
clearance. Early CRP kinetics combined with early plasma EBV DNA clearance may be predictive of survival outcomes in dmNPC
patients receiving first-line chemoimmunotherapy.
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Introduction

Nasopharyngeal carcinoma (NPC) is a head and neck cancer originating in the nasopharynx, commonly associated with
Epstein-Barr virus (EBV) infection.' The disease has a distinct geographical distribution, with the highest incidence in
Asia and North Africa.? In 2022, approximately 120,416 new cases of NPC were reported globally,’ with about 5% to
11% presenting as de novo metastatic nasopharyngeal carcinoma (dmNPC), a subtype characterized by a poor
prognosis.* ® Survival in dmNPC varies widely due to significant individual differences, ranging from a few months
to several years, with some patients achieving long-term survival.” '

The advent of immune checkpoint inhibitors has transformed the treatment landscape of NPC. Three major Phase III
clinical trials have shown that standard chemotherapy combined with anti-PD-1 monoclonal antibodies (anti-PD-1 mAbs)
significantly improves progression-free survival (PFS) and overall response rate (ORR) compared to chemotherapy alone
as first-line therapy for relapsed or metastatic NPC (RM-NPC)."'!* Consequently, the combination of immunotherapy
and palliative chemotherapy (PCT) is now recommended as the first-line treatment in the NCCN guidelines for RM-NPC.

However, not all RM-NPC patients respond to immunotherapy. Plasma EBV DNA load is currently used as
a biomarker to assess prognosis in NPC immunotherapy.'*'> Yet, variability in the standardization of EBV DNA testing
across tumor centers leads to inconsistencies in data comparability and reproducibility, limiting its clinical utility.
Identifying reliable predictive biomarkers to detect early treatment failure is crucial, as it would help avoid unnecessary
side effects and costs of immunotherapy and optimize personalized treatment regimens. Therefore, exploring effective
and stable biomarkers to predict the response to anti-PD-1 mAbs in RM-NPC patients is critical.

Immunotherapy success is largely dependent on the activation of an anti-tumor immune response. C-reactive protein
(CRP), a widely recognized serum biomarker of systemic inflammation, reflects the acute phase response. Its levels
increase in diseases characterized by chronic inflammation, such as cardiovascular disease, diabetes, and cancer.'®
Previous studies have reported that elevated CRP levels before treatment are associated with poor prognosis in various
tumors, including colorectal cancer'’ and esophageal cancer.'® Similarly, baseline and post-treatment elevated CRP, as
well as sustained elevation during treatment, have been reported as adverse prognostic factors in patients with non-
metastatic nasopharyngeal carcinoma.'® Given that tumors can induce chronic inflammation, Ozawa et al also believe
that the elevation of inflammatory cytokines in the very early phase indicated early activation of the immune-system.*® It
is speculated that CRP kinetics may have certain predictive value for the prognosis of immunotherapy in cancer patients.
Several studies have demonstrated that changes in CRP kinetics following the initiation of immunotherapy are correlated
with responses to anti-PD-1 monotherapy and combination therapy in metastatic renal cell carcinoma, non-small cell
lung cancer, and advanced urothelial carcinoma.”'2* However, there are no studies evaluating the effect of early elevated
CRP after initiation of immunotherapy in patients with RM-NPC.

This study aims to evaluate whether early changes in C-reactive protein (CRP) kinetics can serve as predictive
markers for therapeutic response and survival outcomes in patients with dmNPC receiving first-line chemotherapy
combined with anti-PD-1 mAbs.

Material and Methods

Patient Selection

We retrospectively reviewed the medical records of patients with de novo metastatic nasopharyngeal carcinoma
(dmNPC) who received platinum-based chemotherapy combined with anti-PD-1 monoclonal antibodies (mAbs) as first-
line therapy between January 2019 and October 2021 at three centers in China: Sun Yat-sen University Cancer Center,
Jiangxi Cancer Hospital, and Hubei Cancer Hospital. Inclusion criteria were pathologically confirmed NPC with newly
diagnosed distant metastases, measurable metastatic lesions, complete baseline data, and availability of CRP and plasma
EBV-DNA measurements for the first three courses after the initiation of immunotherapy. Baseline data were required to
be collected within one month prior to starting immunotherapy. All included patients received at least three cycles of
chemotherapy and anti-PD-1 mAbs, followed by locoregional radiotherapy (LRRT) as appropriate. This study was
approved by the institutional review board of Jiangxi Cancer Hospital (No.2024ky106), institutional review board of Sun
Yat-Sen University Cancer Center (SL-B2021-270-01), and institutional review board of Hubei Cancer Hospital
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(LLHBCH2024YN-095). This study was conducted in accordance with the Declaration of Helsinki. The requirement for
informed consent was waived by the Institutional Review Board due to the retrospective nature of the study. Patient
confidentiality was strictly maintained, and all clinical data were anonymized to ensure patient privacy and compliance
with ethical standards.

All patients underwent comprehensive pretreatment evaluations, including detailed medical history, physical examination,
nasopharyngeal fiber endoscopy, blood counts, serum biochemistry, and plasma EBV DNA testing. Imaging assessments
included magnetic resonance imaging (MRI) of the nasopharynx and neck, computed tomography (CT) scans of the chest,
ultrasound, CT, or MRI of the abdomen, whole-body bone scans, and positron emission tomography/CT (PET/CT). Staging
was performed according to the 8th Edition of the American Joint Committee on Cancer/Union for International Cancer
Control (AJCC/UICC) TNM staging manual. Metastatic sites and the number of lesions were evaluated based on imaging
studies. Oligometastasis was defined as metastases involving <2 organs and <5 metastatic lesions.*’

Treatments

Chemotherapy and Immunotherapy Regimens

Chemotherapy regimens included GP (gemcitabine and cisplatin/nedaplatin), TP (docetaxel and cisplatin/nedaplatin), PF
(cisplatin/nedaplatin and 5-fluorouracil), TPF (docetaxel, cisplatin/nedaplatin, and 5-fluorouracil), and TPC (docetaxel,
cisplatin/nedaplatin, and capecitabine). Anti-PD-1 monoclonal antibodies used in the study included sintilimab, camre-
lizumab, toripalimab, tislelizumab, pembrolizumab, and nivolumab. Both PCT and anti-PD-1 mAbs were administered
every three weeks. Patients continued anti-PD-1 mAbs therapy until disease progression, intolerable side effects, or
a clinical decision to terminate treatment.

Radiotherapy Regimens

Radiotherapy included locoregional radiotherapy (LRRT) and radiotherapy (RT) for metastatic lesions.LRRT (n=96) was
performed using the intensity-modulated radiotherapy (IMRT) technique to target nasopharyngeal lesions and neck
lymph nodes. Of which, 44 patients delivered received additional RT for metastatic lesions, including liver, bone, lung,
and distant metastatic lymph nodes. Details of chemotherapy, anti-PD-1 mAbs regimens, and radiotherapy protocols are
provided in Supplemental Methods and Supplemental Table S1.

Serum Measurement and Definition of Early CRP Dynamics

Baseline and longitudinal serum concentrations of C-reactive protein (CRP) were quantified using latex immunoturbidi-
metric assay in the routine laboratories at each center (Anti Bio, Zhengzhou, China). Data were analyzed using a fully
automated biochemistry analyzer (Canon, model TBA-FX8, Dalian, China). CRP were measured at beginning, before
the second immunotherapy (typically within 1 month after the first immunotherapy) and before the fourth immunother-
apy (usually within 2 months after the second immunotherapy); LDH were measured at beginning. CRP kinetics were
classified as follows: CRP flare-responders were defined as having a CRP level that increased to more than double the
baseline within one month of initiating immunotherapy, followed by a decline below baseline within three months; CRP
non-flare-responders were defined as patients whose CRP levels decreased by more than 30% within three months
without a preceding flare. CRP non-responders were defined as patients in addition to the above two conditions.

Follow-up

Plasma EBV-DNA and serum CRP levels were collected after each course of anti-PD-1 mAbs treatment. Objective
response rate (ORR) was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST V.1.1).
Evaluations were conducted every two to four cycles during immunotherapy and every three to six months thereafter.

Statistical Analyses

PFS was defined as the time from the start of treatment to the onset of progression (imaging or clinical) or death,
whichever occurred first. Due to differences in plasma EBV DNA detection techniques among the three centers, plasma
EBV DNA was categorized based on the cut-off value specific to each center (detectable value: >10 copies/mL). Missing
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plasma EBV DNA data were handled using complete case analysis. For between-group comparisons, the Chi-square test
or Fisher’s exact test was used for categorical variables, and the #-test was used for continuous variables. Survival curves
were plotted using the Kaplan—-Meier method, and median PFS differences between groups were tested by log-rank. For
multivariable analysis of PFS, a Cox proportional hazards regression model was employed, including only variables with
significant survival effects in univariate Cox regression. All statistical tests were two-sided, with a p-value <0.05
considered significant. The median follow-up time was calculated using the reverse Kaplan-Meier method. Model
accuracy was evaluated using the Harrell-Concordance index (C-index). Analyses were performed using SPSS 26 and
R software (version 3.6.1; http://www.R-project.org).

Results

Baseline Characteristics

We identified 149 eligible patients with de novo metastatic nasopharyngeal carcinoma (dmNPC) who received first-line
chemotherapy combined with anti-PD-1 monoclonal antibodies (mAbs) between January 2019 and October 2021 at three
centers in China: Sun Yat-sen University Cancer Center (n=128), Jiangxi Cancer Hospital (n=17), and Hubei Cancer
Hospital (n=4). The median age of patients was 49 years (range: 20-74 years), with 114 male patients (76.5%). All
patients had an ECOG score of <1, and 96 patients (64.4%) received locoregional radiotherapy (LRRT). Fifty percent (75
patients) presented with oligometastasis, and the median follow-up period was 22 months (interquartile range: 14-32
months). The clinical baseline characteristics of the patients are summarized in Table 1.

Table | Comparison of Baseline Parameters Between CRP Responders and CRP Non-Responders

Characteristic Overall CRP Responders | CRP Non-responder | P-Value
N=149 (%) N=115 (%) N=34 (%)
Age, years 0.364
Median (IQR) 49 49 50
Range 20-74 20-73 22-74
Sex 0.169
Male 114 (76.5%) 85 (73.9%) 29 (85.3%)
Female 35 (23.5%) 30 (26.1%) 5 (14.7%)
ECOG |
0 135 (90.6%) 104 (90.4%) 31 (91.2%)
| 14 (9.4%) 11 (9.6%) 3 (8.8%)
Smoking 0.469
Yes 47 (31.5%) 38 (33%) 9 (26.5%)
No 102 (68.5%) 77 (67%) 25 (73.5%)
Baseline LDH (U/L) 0.889
Normal 101 (67.8%) 78 (67.8%) 23 (67.6%)
Abnormal 46 (30.9%) 36 (31.3%) 10 (29.4%)
Missing 2 (1.3%) | (0.9%) | (3%)
(Continued)
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Table | (Continued).

Characteristic Overall CRP Responders | CRP Non-responder | P-Value
N=149 (%) N=115 (%) N=34 (%)

RT 0.969

Yes 96 (64.4%) 74 (64.3%) 22 (64.7%)

No 53 (35.6%) 41 (35.7%) 12 (35.3%)

Oligometastatic 0.729

Yes 75 (50.3%) 57 (49.6%) 18 (52.9%)

No 74 (49.7%) 58 (50/4%) 16 (47.1%)

Baseline plasma EBV DNA levels 0.791

Negative 24 (16.1%) 18 (15.7%) 6 (17.6%)

Positive 120 (96.6%) 93 (80.9%) 27 (79.4%)

Missing 5 (3.3%) 4 (3.4%) I (3%)

Baseline CRP (mg/L) 0.001

Normal 69 (46.3%) 40 (34.8%) 29 (85.3%)

Abnormal 80 (53.7%) 75 (65.2%) 5 (14.7%)

EBV-DNA 3 s levels 0.426

Undetectable 91 (61%) 74 (64.3%) 17 (50%)

Detectable 36 (24.2%) 27 (23.5%) 9 (26.5%)

Missing 22 (14.8%) 14 (12.2%) 8 (23.5%)

Abbreviations: IQR, interquartile range; ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy; LDH, Locoregional
radiotherapy; EBV-DNA 3 e levels, EBV levels after 3 cycles of immunotherapy; CRP, C reactive protein; LDH, lactate dehydrogenase.

Early CRP Kinetics and Survival Analysis

Among the 149 patients, 39 (26.2%) were CRP flare-responders, 76 (51%) were CRP non-flare-responders, and 34
(22.8%) were CRP non-responders. There was no significant difference in the objective response rate (ORR) among the
three groups (P=0.053; Supplementary Table S2). Survival analysis demonstrated that the median progression-free

survival (PFS) was significantly shorter in CRP non-responders compared to CRP flare-responders and CRP non-flare-
responders (13 months vs 21 months vs 20 months, P=0.018; Figure 1A). Since there was no significant difference in
ORR (94.9% vs 94.7%; Supplementary Table S2) and median PFS (21 months vs 20 months, P=0.421; Figure S1)
between CRP flare-responders and CRP non-flare-responders, these groups were combined into a single CRP responder

group. Clinical characteristics of CRP responders (115, 77.2%) and CRP non-responders (34, 22.8%) were balanced
except for baseline CRP levels. A summary of patient categorization by early CRP kinetics is provided in Table 1. The
ORR of CRP responders was significantly higher than that of CRP non-responders (94.8% vs 79.4%, P=0.009, Table 2).
Survival analysis further showed that the median PFS of CRP responders was superior to CRP non-responders (20
months vs 13 months, P=0.006; Figure 1B).

After adjusting for radiotherapy, oligometastasis, baseline EBV-DNA levels, and EBV-DNA levels at three cycles,
multivariable Cox regression analysis revealed that early CRP kinetics remained an independent prognostic factor for
PFS (HR=2.688, 95% CI: 1.484-4.868, P<0.001). Other independent prognostic factors for PFS included EBV-DNA
levels at three cycles (HR=1.892, 95% CI: 1.147-3.123, P=0.013), radiotherapy (HR=0.495, 95% CI: 0.301-0.812,
P=0.005), and baseline EBV-DNA levels (HR=2.852, 95% CI: 1.208-6.734, P=0.017;Table 3).
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Figure | Distinct early on-treatment C reactive protein (CRP) kinetics correlates with progression-free survival (PFS) in the patients with dmNPC receiving first-line
chemotherapy combined with anti-PD-1 mAbs. (A) Progression-free survival (PFS) for CRP flare-responder (N = 39), CRP non-flare-responder (N = 76) or CRP non-
responder (N = 34). (B) Progression-free survival (PFS) for CRP responders (N = |15) and CRP non-responder (N = 34).

The Prognostic Value of Early CRP Kinetics and EBV DNA Levels at Three Cycles

Given that both EBV DNA levels at three cycles and early CRP kinetics were independent prognostic factors for PFS, we
further evaluated their combined value in prognostic assessment. A subgroup analysis was conducted on 127 patients
who underwent plasma EBV DNA testing after three cycles of immunotherapy. Patients were classified based on whether
EBV DNA at three cycles was detectable The undetectable EBV DNA group included 91 patients (71.7%) with 74 CRP
responders and 17 CRP non-responders, while the detectable EBV DNA group included 36 patients (28.3%) with 27
CRP responders and 9 CRP non-responders. Among patients with undetectable EBV DNA at three cycles, CRP
responders had a significantly longer median PFS compared to CRP non-responders (28 months vs 21 months,
P=0.014; Figure 2A). No statistically significant difference in PFS was observed between CRP responders and CRP non-
responders in the detectable EBV DNA group (P=0.142; Figure 2B).

Development of a Prognostic Model Combining Early CRP Kinetics and EBV DNA
Levels at Three Cycles

To improve the prognostic prediction of dmNPC patients undergoing first-line chemo-immunotherapy, we constructed
a predictive model incorporating early CRP kinetics and EBV DNA levels at three cycles. The 127 patients were stratified
into three groups: undetectable EBV DNA CRP responders (74, 58.4%), undetectable EBV DNA CRP non-responders (17,
13.3%), and detectable EBV DNA (36, 28.3%). Survival analysis revealed significant differences in PFS among the three
groups (median PFS: 28 vs 21 vs 10 months, P<0.001; Figure 3). The C-index demonstrated that the combined model of early
CRP kinetics and EBV DNA levels at three cycles provided more accurate prognostic predictions than either biomarker alone
(combined model vs early CRP kinetics vs EBV DNA levels: 0.724 vs 0.679 vs 0.708).

Table 2 The Relationship Between Tumor Response and Early CRP Kinetics

Treatment Response | Overall, N=149 | Responder, N=115 | Non-Responder, N=34 | P Value
ORR(CR+PR) 136(91.3%) 109(94.8%) 27(79.4%) 0.009
CR 13(8.7%) 11(9.6%) 2(5.9%)

PR 123(82.6%) 98(85.2%) 25(73.5%)

SD 11(7.4%) 6(5.2%) 5(14.7%)

PD 2(1.3%) 0(0.0%) 2(5.9%)

Abbreviations: CRP, C-reactive protein; ORR, overall response rate; CR, complete response; PD, progressive disease; PR, partial

response; SD, stable disease.
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Table 3 Uni- and Multivariable Cox Regression Analyses for Progression-Free Survival

Univariate Multivariate
Characteristic N HR 95% CI P Value | HR 95% CI P Value
Sex 149
Male Ref. - -
Female 0.586 | 0.323-1.063 | 0.078 - -
ECOG 149
0 Ref. - -
| 1.167 | 0.58-2.349 | 0.665 - -
Smoking 149
No Ref. - -
Yes 1.396 | 0.886-2.201 | 0.150 - -
Baseline LDH 147
Normal Ref. - -
Abnormal 1.503 | 0.942-2.397 | 0.087 - -
Baseline CRP 149
Normal _ _
Abnormal 0915 | 0.586-1.429 | 0.696 - -
RT 149
No Ref.
Yes 0.425 | 0.273-0.661 | 0.0001 0.495 | 0.301-0.812 | 0.005
Oligometastatic 149
No Ref.
Yes 0.596 | 0.383-0.936 | 0.024 0.75 | 0.437-1.250 | 0.259
Baseline plasma EBV DNA levels | 144
Negative Ref.
Positive 2.194 | 1.054-4.570 | 0.036 2.852 | 1.208-6.734 | 0.017
EBV-DNA ; cies levels 127
Undetectable Ref.
Detectable 2.562 | 1.582—4.15 | 0.0001 1.892 | 1.147-3.123 | 0.013
CRP dynamics 149
Responders Ref.
Non-responders 1.987 | 1.191-3.315 | 0.009 2.688 | 1.484-4.868 | 0.001

Abbreviations: ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy; LDH, Locoregional radiotherapy; EBV-DNA;ycies
levels, EBV levels after 3 cycles of immunotherapy; CRP, C reactive protein; LDH, lactate dehydrogenase; PFS, progression-free
survival.
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Figure 2 Prognostic association between EBV-DNA 3 cycles levels and early CRP kinetics in the patients with dmNPC receiving first-line chemotherapy combined with anti-
PD-1 mAbs. (A) Progression-free survival (PFS) for CRP responder (N = 74) and CRP non-responder (N = 17) in the undetectable EBV-DNA 3 cycles group. (B)
Progression-free survival (PFS) for CRP responder (N = 27) and CRP non-responder (N = 9) in the detectable EBV-DNA 3 cycles group.
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Figure 3 Early CRP kinetics combined with EBV-DNA; (,ics levels to predict the prognosis of first-line chemotherapy combined with anti-PD-I mAbs in patients with
dmNPC. Progression-free survival (PFS) for undetectable EBV-DNA; ¢,cies CRP responder (N=74), undetectable EBV-DNA; (,cies CRP non-responder (N=17), or detectable
EBV-DNA; ies group (N=36).

Discussion

In this multicenter retrospective study, we found that early C-reactive protein (CRP) kinetics effectively predicted the
prognosis of first-line chemoimmunotherapy in patients with de novo metastatic nasopharyngeal carcinoma (dmNPC).
Furthermore, the combination of CRP and plasma Epstein-Barr virus (EBV) DNA levels enhanced the accuracy of
prognostic predictions. Both CRP and plasma EBV DNA are readily available, low-cost, non-invasive biomarkers widely

used in clinical practice, making their combined monitoring a valuable predictive tool for patients receiving first-line
chemoimmunotherapy for dmNPC.
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Our study demonstrated that CRP responders had significantly longer progression-free survival (PFS) and higher
objective response rates (ORR) compared with CRP non-responders, highlighting the potential of early CRP kinetics as
a prognostic marker in the era of immunotherapy for dmNPC. These findings are consistent with previous studies
involving metastatic renal cell carcinoma, non-small cell lung cancer, and advanced urothelial carcinoma.?' 2* Notably,
our study did not find a significant difference in median PFS between CRP flare-responders and CRP non-flare-
responders, which contrasts with findings in other cancers. The reasons for the lack of prognostic significance of CRP
flare kinetics in first-line chemoimmunotherapy for dmNPC are unclear; however, it is noteworthy that previous studies
reported the efficacy of CRP flare response kinetics primarily in immunotherapy or immunotherapy combined with
targeted therapy. In contrast, all patients in our study received first-line chemoimmunotherapy. The ORR in our study

exceeded 90%, compared to 20.5%-43.0% in patients receiving immunotherapy alone for RM-NPC,?% 32

indicating
a crucial role of chemotherapy in tumor control. Compared with other studies, the proportion of CRP flare-responders
was lower in our cohort, possibly due to the immunosuppressive effects of chemotherapy on the immune response, which
may inhibit CRP flare kinetics. This hypothesis requires further investigation in larger, prospective studies.

Locoregional radiotherapy target nasopharyngeal lesions and neck lymph nodes is the standard treatment for non-
metastatic nasopharyngeal carcinoma and systemic therapy is the main treatment for R/M NPC. Interestingly, our study
demonstrates that radiotherapy is an independent prognostic factor for PFS in patients with dmNPC receiving first-line
chemoimmunotherapy. Our previously published work confirmed that LRRT following palliative chemotherapy com-
bined with anti-PD-1 monoclonal antibodies significantly improved PFS in dmNPC patients.*® Moreover, a Phase II
clinical trial confirmed that dmNPC patients receiving first-line chemotherapy, when treated with a combination of LRRT
and anti-PD-1 monoclonal antibodies, experienced prolonged PFS.** Further studies are needed to better understand the
interactions between immunotherapy and chemoradiotherapy. In addition to radiotherapy, EBV DNA were also inde-
pendent prognostic markers of PFS in multivariable Cox regression analysis. For plasma EBV-DNA,we always known
that it was not only recognized as a diagnostic marker but also a strong prognostic biomarker for nasopharyngeal
carcinoma, even in the era of immunotherapy.®> Multiple studies have shown that high EBV DNA level was associated
with poor prognosis.“’37 Furthermore, the prospective CAPTAIN-1st clinical trial'® and our prior retrospective work>?
also have shown that early clearance of plasma EBV DNA is associated with prolonged PFS in patients receiving
combined chemotherapy and immunotherapy. However the varying testing standards for EBV DNA across different
centers and the lack of unified method for quantitative detection yet. This prevents the calculation of a cut off value by
combining the EBV DNA test results from multiple centers. To address this issue, we set a threshold of 10 copies/mL for
EBV DNA detection at each center, which allows for more consistent classification of plasma EBV DNA levels and
minimizes inter-center detection differences. Our subgroup analysis revealed that among patients with undetectable EBV
DNA levels after three cycles of immunotherapy, CRP responders had significantly longer median PFS compared to CRP
non-responders, a pattern not observed in the detectable EBV DNA group. These findings suggest that early CRP kinetics
can further identify patients who benefit from immunotherapy, allowing clinicians to consider alternative or more
effective treatments for those who do not benefit, even when EBV DNA is undetectable after three cycles.

Compared to EBV DNA, early CRP kinetics offers several advantages. Dynamic monitoring of CRP allows for the
assessment of changes over time, both before and during treatment cycles. CRP kinetics captures the inflammatory
response, which is a key factor in tumor progression and treatment efficacy. By evaluating the longitudinal changes in
CRP, we can gain insights into the response of patients to first-line chemoimmunotherapy and better predict survival
outcomes in patients with dmNPC receiving first-line chemoimmunotherapy. This dynamic monitoring can complement
EBV DNA detection, offering a more comprehensive and time-sensitive approach to patient management. In our study,
further analysis of the prognostic model combining early CRP kinetics and EBV DNA levels at three cycles demon-
strated significant differences in PFS among the three groups, with accuracy testing (C-index) showing superior
prognostic prediction compared to either biomarker alone. Unlike previous studies that combined baseline CRP and
plasma EBV DNA for risk stratification in non-metastatic NPC,'® our approach utilized longitudinal monitoring of these
biomarkers during immunotherapy, offering a dynamic prediction of patient prognosis in dmNPC. Although acute CRP
response alone or combined with early EBV DNA clearance was associated with improved PFS in our cohort, no
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significant association with overall survival (OS) was observed, likely due to the limited number of events. A reanalysis
of this cohort with extended follow-up is planned.

The underlying mechanisms linking systemic inflammatory responses to tumor responses to immune checkpoint
inhibitors remain unclear. Previous studies have shown that chronic inflammation can create an immunosuppressive
microenvironment,*® and higher CRP levels have been associated with an immunosuppressive microenvironment
characterized by M2 macrophage and regulatory T cell infiltration.>® Yunpeng Yang et al has demonstrated that the
results of immunological “hot” tumors identified through gene expression profiling (GEP) and activated DC character-
istics may help identify R/M NPC patients who are most likely to benefit from immunotherapy.'' Blank et al also
indicates that CRP is one of the clinical markers of tumor-associated inflammation promoting tumor progression*’
Therefore, it is hypothesized that the CRP kinetics may be related to the dynamic changes in the tumor immune
microenvironment in dmNPC patients receiving first-line chemoimmunotherapy, which could provide direction for
subsequent mechanistic studies.

Despite being a rigorously designed retrospective study, there are some limitations. First, the retrospective nature of
the study introduces potential selection bias. Second, the relatively short follow-up period limits the ability to assess
long-term outcomes such as OS. Third, the study population was derived from EBV-endemic regions, which may differ
in tumor characteristics compared to non-endemic areas. Therefore, large-scale prospective studies are needed to validate
these findings in both endemic and non-endemic populations.

Conclusion

This study demonstrated that among patients with dmNPC receiving first-line chemoimmunotherapy, CRP responders
were associated with significantly improved PFS, particularly in those with undetectable EBV DNA levels after three
cycles of treatment. The combination of early CRP kinetics and EBV DNA levels provides a valuable tool for assessing
the efficacy and prognosis of first-line chemoimmunotherapy in dmNPC patients. However, further prospective studies
with larger sample sizes are necessary to validate these findings.
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