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Abstract

Background: We aimed to investigate the determinant factors of anti-PD-1 therapy outcome in nasopharyngeal carcinoma
(NPC).

Methods: In this retrospective study, we included 64 patients with recurrent/metastatic NPC. The association of patients’
characteristics, C-reactive protein (CRP), neutrophil to lymphocyte ratio (NLR), and lactate dehydrogenase (LDH) with survival
benefit of anti-PD-1 therapy were analyzed using Cox regression models and Kaplan-Meier analyses. Patients were divided
based on the median value of CRP, NLR or LDH into different subgroups.

Results: At a median follow-up time of 11.4 months (range: 1-28 months), median progression-free survival (PFS) and overall
survival (OS) were 1.9 months (95% CI, .18-3.6) and 15 months (95% CI, 10.9-19.1) months, respectively. Pretreatment
metastases numbers was significant predictor of PFS (HR = 1.99; 95% CI 1.10-3.63; P = .024) and OS (HR = 2.77; 95% CI 1.36-
5.61; P = .005). Baseline LDH level was independent predictor of OS (HR = 7.01; 95% CI 3.09-15.88; P < .001). Patients with
LDH level >435 U/L at the baseline had significantly shorter PFS and OS compared to patients with LDH level ≤435 U/L
(median PFS: 1.7 vs 3.5 months, P = .040; median OS: 3.7 vs 18.5 months, P < .001). Patients with non-durable clinical benefit
(NDB) had significantly higher LDH level at the baseline compared to patients who achieved durable clinical benefit (DCB)
(P = .025). Post-treatment levels of CRP, LDH, and NLRwere decreased compared to baseline in patients with DCB (P = .030,
P = .088, and P = .066, respectively), whereas, there was a significant increase in post-treatment level of LDH compared with
baseline in patients with NDB (P = .024).

Conclusions: LDH level at the baseline was an independent predictor of OS and pretreatment metastases numbers was a
significant predictor of PFS and OS.
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Introduction

Nasopharyngeal carcinoma (NPC) is a commonly found
malignancy of the head and neck characterized by distinctive
geographic and racial distribution.1 Currently, the treatment of
patients with NPC is mainly dependent on radio- and
chemotherapy.2,3 The association of NPC with Epstein Bar
Virus and high density of tumor infiltrated lymphocyte marks
it an attractive target for immunotherapy.4-7 In addition, recent
advances in immune checkpoint inhibitors (ICIs) therapy
across different cancer types generated interest in investi-
gating anti-PD-1/PD-L1 in NPC.

Several phase I-II trials have demonstrated a promising
clinical efficacy of anti-PD-1 therapy in pretreated NPC pa-
tients with advanced-stage.8,9 Two single-arm phase II clinical
trials evaluated the efficacy of nivolumab and pembrolizumab
in pretreated patients with recurrent/metastatic NPC and
demonstrated an objective response rate of 20.5% and 25.9%,
respectively.10,11 However, in recent phase II clinical trial,
spartalizumab, a PD-1inhibitor did not improve PFS com-
pared with chemotherapy.12 In addition, in KEYNOTE-122
clinical trial, pembrolizumab did not improve OS compared
with standard chemotherapy. These results have motivated
investigations for predictive biomarkers that may help to
increase the efficacy of ICIs in NPC.

Several biomarkers have been investigated for immuno-
therapy outcome including expression of PD-L1 and tumor
mutation burden (TMB), both may reflect a preexisting im-
mune reaction that can be modulated by immunotherapy.13,14

Although, the expression of PD-L1 in NPC was found to be
high, especially in Epstein-Barre Virus (EBV) related carci-
noma, its predictive value was not established.11,15 In addition,
the role of TMB as a predictive biomarker of ICIs in NPC
remain unclear.11,16 Therefore, predictive biomarkers for
immunotherapy outcome in NPC still urgently needed.

Peripheral blood-based inflammatory and metabolite
markers such as C-reactive protein (CRP), neutrophil-to-
lymphocyte ratio (NLR), and lactate dehydrogenase (LDH)
have shown prognostic value in patients treated with ICIs
therapy.17-19 In melanoma and non-small cell lung cancer
patients treated with anti-PD-1, baseline LDH level was
identified as an independent prognostic factor for treatment
outcome.20,21 However, the association between these bio-
markers and anti-PD-1 treatment outcome in patients with
NPC is still not clear. Here, we aimed to evaluate the asso-
ciation of NLR, CRP, and LDH with treatment outcome in
NPC patient treated with anti-PD-1 therapy.

Methods

Patients

The present study was conducted according to the declaration
of Helsinki and was approved by the Institutional Review
Board of Sun Yat-sen University Cancer Center (approval
number: B2021-445-01). This retrospective study included
patients with advanced/metastatic NPCwho received anti-PD-
1 therapy in 2 controlled clinical trials at Sun Yat-sen Uni-
versity Cancer Center between January 2016 and November
2017.10,22 Patient recruitment was based on predefined in-
clusion criteria: age more than 18 years; confirmed diagnosis
of NPC with histology or cytology; metastatic or recurrence
NPC; Eastern Cooperative Oncology Group performance
(ECOG) of 0 or 1; disease progressed on standard chemo-
therapy. All patients’ details are de-identified. The authors
have completed the STROBE reporting checklist.23

Data Collection

Peripheral blood samples were obtained in all patients before
starting treatment (within 1 week) and before every subse-
quent treatment cycle for complete blood tests. NLR was
calculated as the absolute count of neutrophil divided by
lymphocyte count. Baseline and 6-8 weeks post-treatment
neutrophil, lymphocyte, LDH, CRP were obtained from pa-
tients’ medical records. Patients baseline characteristics in-
cluding gender, age, smoking history, performance status,
metastases number, and weather patients received anti-PD-1
therapy as the second line or later were also collected.

Treatment and Response Assessment

Patients had received either camrelizumab monotherapy at an
escalating dose of 1 mg/kg, 3 mg/kg, 10 mg/kg, and a bridging
dose of 200 mg per 2 weeks, or nivolumab monotherapy of
3 mg/kg or 240 mg and 360 mg once every 2 and 3 weeks.
Patients were followed up through visits to doctors’ offices or
via telephone calls. Evaluation of treatment response was
assessed by radiological imaging according to RECIST cri-
teria (version 1.1) and indicated as complete remission (CR),
stable disease (SD), partial response (PR), or progressive
disease (PD). Durable clinical benefit (DCB) was defined as
PFS more than 6 months after the initial response, and non-
durable clinical benefit (NDB) was considered if a patient had
less than 6 months of PFS.
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Statistical Analysis

Normally distributed numeric variables are indicated by the
mean ± SD, categorical variables are indicated as percentages
(%). Simple t-test or chi-square/fisher’s exact test was applied
for comparison of normally distributed numerical variables or
categorical variables, respectively. Non-parametric test was
used for comparison of non-normally distributed variables.
Estimation of PFS and OS was extracted by the Kaplan-Meier
analysis, and the differences were examined by a log-rank test.
Patients with missing data of survival at the time of last follow
up were considered as censored cases. Cox regression model
were used to analyses the association of baseline variables
with PFS and OS. Patient’ gender, age, smoking history,
ECOG, pretreatment metastases number, line of immuno-
therapy, LDH, CRP, and NLR were included in the multi-
variable regression model. A two-sided P-value < .05 were
considered significant. All analysis was conducted by SPSS
version 20 (IBM SPSS Statistics, RRID:SCR_019096) and
GraphPad software version 8 (GraphPad Prism, RRID:
SCR_002798) was used to draw figures.

Results

Patients Characteristics

Patients’ baseline characteristics are shown in Table 1. Our
analysis included 64 constitutively collected patients who
received ICIs therapy in controlled clinical trials. Fifty-one
(79.7%) patients were male, 19 (29.7%) patients have
smoking history and 23 (35.9%) patients with ECOG per-
formance status of (0). Forty-seven patients (73.4%) had re-
ceived ICIs therapy after failure of the second line therapy and
17 (26.6%) patients had more than 2 metastases site at the time
of ICIs therapy initiation. Forty-two patients (65.6%) had
received camrelizumab, 18 (28.1%) of patients received ni-
volumab, and 4 patients were treated with ipilimumab.

Treatment Response

Overall, 16 (25%) patients had SD, 15 (23.4%) patients had
partial response, and 33 (51.6%) patients with PD. Patients with
PD had a significantly higher LDH level at the baseline
compared with patients with PR or SD as shown in Figure 1A
(P = .021, mean value: 598.24 ± 834.34 U/L, 243.47 ±
104.90 U/L, 279.06 ± 144.98 U/L, respectively). Furthermore,
in patients with NDB, LDH level at the baseline was signifi-
cantly higher than in patients who achieved DCB (P = .025,
mean value 513.22 ± 736.31 U/L vs 263.97 ± 144.14 U/L) as
shown in Figure 2A. However, there were no significant dif-
ference in baseline NLR or CRP based on treatment response or
clinical benefit (all P > .05), (Figures 1 and 2B and C). There
was a significant decrease in post-treatment CRP levels in
patients who achieved DCB (P = .030). Similarly, these patients
also showed decrease in LDH level and NLR compared with

baseline (P = .088 and P = .066, respectively), whereas patients
with NDB had a significant increase in LDH (P = .024).
However, there were no significant change in post treatment
CRP or NLR compared with baseline in patients with NDB
(Figures 3 and 4).

PFS

During the median follow-up time of 11.4 months (range:
1–28), median PFS was 1.9 months (95% CI, .18-3.6).
Fifty-seven (89%) patient had progressed disease during
the follow up. Patients were classified based on the mean
values of baseline CRP (35 mg/L), LDH (435 U/L), and
NLR.5 PFS was significantly longer in patients with low
LDH (≤435 U/L) (3.5 months; 95% CI, 1.7-5.3) compared
to those with high LDH levels (>435 U/L) (1.7 months;
95% CI, 1.2-2.1; P = .040). However, there were no
significant difference in PFS in case of CRP or NLR (all
P > .05) (Figure 5). In univariable Cox regression analysis
of PFS predictors that included patient’ gender, age, smoking
history, ECOG, pretreatment metastases number, line of
immunotherapy, LDH, CRP, and NLR. LDH (HR = 2.06;

Table 1. Patients Baseline Characteristics.

Variables Patients No (64) %

Gender
Male 51 79.7
Age (mean) 46.70 ± 11.40

Smoking
Yes 19 29.7
No 45 70.3

ECOG
0 23 35.9
1 41 64.1

Line of immunotherapy
≤2nd 17 26.6
>2nd 47 73.4

Pretreatment metastases
≤2 47 73.4
>2 17 26.6

Immunotherapy agent*
Nivolumab 18 28.1
Camrelizumab 42 65.6

Best overall response rate
SD 16 25.0
PR 15 23.4
PD 33 51.6

Clinical benefit
DCB 20 31.3
NDB 44 68.8

ECOG, eastern cooperative oncology group performance status; SD, stable
disease; PR, partial response; PD, progressed disease; DCB, durable clinical
benefit; NDB, non-durable clinical benefit; *4 patients treated with
Ipilimumab.
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Figure 1. Baseline LDH, CRP, NLR levels and treatment response. Abbreviations: LDH, lactate dehydrogenase; CRP, C-reactive protein;
NLR, neutrophil to lymphocyte ratio; SD, stable disease; PR, partial response; PD, progressed disease; DCB, durable clinical benefit; NDB,
non-durable clinical benefit.

Figure 2. Baseline LDH, CRP, NLR levels and clinical benefit. Abbreviations: LDH, lactate dehydrogenase; CRP, C-reactive protein; NLR,
neutrophil to lymphocyte ratio; SD, stable disease; PR, partial response; PD, progressed disease; DCB, durable clinical benefit; NDB, non-
durable clinical benefit.

Figure 3. Post-treatment changes of CRP, LDH and NLR compared with baseline in patients with durable response. Abbreviations: CRP,
C-reactive proteins; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio.
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Figure 4. Post-treatment changes of CRP, LDH andNLR compared with baseline in patients with non-durable response. Abbreviations: CRP,
C-reactive proteins; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio.

Figure 5. Kaplan Meier estimates of progression-free survival (PFS) according to the mean value of baseline CRP, LDH and NLR.

Table 2. Univariable and Multivariable Analysis of PFS Predictor Factors.

Univariable Multivariable

Variable HR (95% CI) P HR (95% CI) p

Gender
Male vs Female 2.01 (.85-4.78) .113

Age
>48 vs ≤ 48 1.25 (.66-2.37) .492

Smoking
Yes vs No .55 (.27-1.13) .104

ECOG
1 vs 0 1.50 (.74-3.01) .260

Immunotherapy treatment line
>2nd vs ≤ 2nd 1.15 (.58-2.26) .692

Pretreatment metastases
>2 vs ≤ 2 2.75 (1.33-5.69) .006 1.99 (1.10-3.63) .024

LDH
>435 U/L vs ≤ 435 U/L 2.06 (1.02-4.19) .045 1.82 (.97-3.38) .060

CRP
>35 vs ≤ 35 1.06 (.49-2.29) .875

NLR
>5 vs ≤ 5 1.23 (.59-2.53) .580

LDH, lactate dehydrogenase; ECOG, eastern cooperative oncology group performance status; CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio;
PLR, platelet to lymphocyte ratio; HR, hazard ratio; CI, confidence interval.
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95% CI, 1.02-4.19; P = .045) and pretreatment metastases
number (HR = 2.75; 95% CI, 1.33-5.69; P = .006) were
identified as a significant predictor of PFS. In addition,
LDH level was identified as predictor factor with marginal
statistical P-value (HR = 1.82; 95% CI, .97-3.38; P =
.060), and pretreatment metastases number (HR = 1.99;
95% CI, 1.10-3.63; P = .024) was identified as independent
predictor of PFS, these results are shown in Table 2.

OS

The overall median OS was 15 months (95% CI, 10.9-19.1).
There were 18 (28%) patients alive at the last date of follow up.
OS was significantly longer in patients with low LDH

(18.5 months; 95% CI, 14.5-22.6) compared to those with high
LDH (3.7 months; 95% CI, 2.1-5.3; P < .001). Patients with low
CRP (≤35 mg/L) had longer OS than those with high CRP
(>35 mg/L) (18 months vs 8 months; P = .054). However, no
significant difference in OS between patients with low NLR and
high NLR (15.7 months vs 15.2 months; P = .150) (Figure 6).
Univariable analysis results showed that patient’ age (HR = 2.50;
95% CI, 1.20-5.17; P = .014), pretreatment metastases (HR =
3.13; 95% CI, 1.28-7.65, P = .012), and LDH (HR = 6.71; 95%
CI, 2.64-17.03, P < .001) were significantly associated with OS
benefit. In addition, pretreatmentmetastases (HR= 2.77; 95%CI,
1.36-5.61; P = .005) and LDH (HR = 7.01; 95% CI 3.09-15.88;
P < .001) were identified as significant independent predictors
of OS (Table 3). It’s worth mentioning that, patients with post

Figure 6. Kaplan Meier estimates of overall survival (OS) according to the mean value of baseline CRP, LDH and NLR.

Table 3. Univariable and Multivariable Analysis of OS Predictor Factors.

Univariable Multivariable

Variable HR (95% CI) P HR (95% CI) P

Gender
Male vs Female .91 (.37-2.27) .842

Age
>48 vs ≤ 48 2.50 (1.20-5.17) .014 1.65 (.87-3.13) .122

Smoking
Yes vs No .48 (.21-1.08) .077 .48 (.22-1.04) .064

ECOG
1 vs 0 1.45 (.59-3.57) .420

Immunotherapy treatment line
>2nd vs ≤ 2nd 1.59 (.73-3.47) .241

Pretreatment metastases
>2 vs ≤ 2 3.13 (1.28-7.65) .012 2.77 (1.36-5.61) .005

LDH
>435 U/L vs ≤ 435 U/L 6.71 (2.64-17.03) <.001 7.01 (3.09-15.88) <.001

CRP
>35 vs ≤ 35 1.68 (.67-4.17) .265

NLR
>5 vs ≤ 5 1.72 (.74–3.99) .206

LDH, lactate dehydrogenase; ECOG, eastern cooperative oncology group performance status; CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio;
PLR, platelet to lymphocyte ratio; HR, hazard ratio; CI, confidence interval.
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treatment (6-8 weeks) levels of LDH ≤435 U/L, CRP ≤35 mg/L,
or NLR ≤5 had significantly longer PFS and OS (Supplementary
Figures 1 and 2).

Discussion

In the present study, we evaluated the association of CRP,
NLR, and LDH with anti-PD-1 therapy outcome in patients
with advanced NPC. We found that baseline levels of LDH
was significantly higher in patients with PD and NDB. Post-
treatment levels of CRP, LDH and NLR were significantly
decreased or tended to decrease in patients who achieved DCB
compared with baseline, whereas, only post-treatment levels
of LDH was significantly higher in patients with NDB.
Pretreatment metastases numbers were significantly associ-
ated with worse PFS and OS. In addition, baseline levels of
LDH was identified as an independent predictor of OS benefit.

Several lines of evidence indicated the significant associ-
ation between inflammation and tumor initiation, growth, and
metastases.24,25 Neutrophils as a major player of acute in-
flammation are recruited by different cytokines/chemokine or
growth factors to the tumor microenvironment where they
exert their protumor or antitumor functions.26,27 In NSCLC
and melanoma, increased NLR showed a significant associ-
ation with poor ICIs therapy outcome.17,28-30 Although high
NLR has been associated with poor prognosis and an inferior
chemo-radiotherapy outcome in NPC patients in some studies,
others have not found such association.31-36 In our present
study, there were no significant association between baseline
NLR and response or survival benefit of anti-PD-1 therapy.
Another inflammation mediator, CRP, is considered as an
indicator of acute inflammation and has been associated with
treatment response of conventional and ICIs therapy across
several tumor type.37-41 Recent studies demonstrated a sig-
nificant impact of CRP on differentiation and function of
adaptive immune cells.42-44 In the present study, although
post-treatment level of CRP was significantly decreased in
patients who achieved DCB, there were no significant change
in CRP levels in patients with NDB compared with baseline
levels. In addition, baseline CRP was not significantly asso-
ciated with survival benefit. The heterogeneity of immune
microenvironment across different tumor types, and the rel-
atively small patient population included in our analysis might
account for this discrepancy.45-47 Large-scale prospective
studies are needed to address the role of these inflammation
mediators in NPC patients.

High levels of LDH in peripheral blood are associated with
poor prognosis across different tumor types.48 Recent studies
showed that LDH as a metabolic enzyme contribute to the
conversion of pyruvate to lactate, which, consequently, sup-
ports tumor growth and progression and may be involved in
regulating cancer cell apoptosis.49 LDH facilitate lactate ac-
cumulation in the tumor microenvironment, whichmay lead to

the apoptosis of tumor infiltrated lymphocytes or alter their
functions as well as supporting the accumulation and differ-
entiation of immunosuppressive lymphocytes.50,51 A recent
study by Watson et al52 demonstrated that T-regulatory (Treg)
cells use lactic acid as an alternative metabolic source to fuel
and maintain their suppressive capacity against the effect of
glucose. In our analysis, baseline levels of LDH were sig-
nificantly associated with treatment response and clinical
benefit. Furthermore, baseline LDH was identified as a sig-
nificant predictor of OS. In patients with NSCLC who re-
ceived anti-PD-1 therapy, high level of LDH at the baseline
was significantly associated with poor PFS and OS.53 In
addition, high level of LDH was significantly associated with
OS in patients with melanoma receiving nivolumab therapy.54

Several studies have indicated the prognostic value of LDH in
patients with NPC treated with conventional therapy.55,56

However, the data regarding the impact of pretreatment
level of LDH in patients with NPC receiving ICIs still limited.
Our study has some limitations. First, this study was a ret-
rospective study; however, the patient population included in
our analysis was enrolled in a controlled clinical trial, which
has reduced the bias of patients’ selection. Another limitation
of our current study is that no calculation and justification for
sample size were performed. The relatively small number of
patients in our analysis may have constrained us from drawing
a comprehensive conclusion of the prognostic value of LDH.
Additional large-scale prospective studies are needed to fur-
ther clarify the role of LDH in ICI therapy in patients with
NPC.

Conclusion

Our current study indicated the association between pre-
treatment level of LDH and treatment outcome of anti-PD-1
therapy in patients with NPC. In light of the recent studies on
the negative effect of lactic acid on anti-tumor immunity, it
seems that LDH may play a causative role in immunotherapy
failure. Therefore, measuring the serum LDH levels before
initiating ICI therapy might serve as a simple indicator of
treatment outcome. In addition, targeting the activity of LDH
enzymes may help to reduce the resistance of the tumor to ICIs
and maximize their effects.

Acknowledgments

We would like to thank Abdul-Quddus Mohammed for his help in
polishing our paper.

Author Contributions

(I) Conception and design: WA and YX; (II) Administrative
support: HYand ZL; (III) Provision of study materials or patients:
WA, YX, HY, and ZL; (IV) Collection and assembly of data: WA,

Ali et al. 7



YH, and YZ; (V) Data analysis and interpretation: WA and YX;
(VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

Data Availability

The data sharing statement available in data sharing statement
form.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by the National Nature Science Foundation of
China (82002409, 81872201, 81872499) and Guangdong Basic
and Applied Basic Research Foundation (2020A1515010020,
2018A0303130243).

Ethical Approval

The authors are accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Institutional Review Board
of Sun Yat-sen University Cancer Center (approval number: B2021-
445-01), and individual consent for this retrospective analysis was
waived.

ORCID iDs

Wael A. S. Ali  https://orcid.org/0000-0002-1142-3135
Jun Liao  https://orcid.org/0000-0002-2017-5065

Supplemental Material

Supplemental material for this article is available online.

References

1. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Na-
sopharyngeal carcinoma. Lancet. 2019;394:64-80.

2. Zhang L, Huang Y, Hong S, et al. Gemcitabine plus cisplatin
versus fluorouracil plus cisplatin in recurrent or metastatic na-
sopharyngeal carcinoma: A multicentre, randomised, open-
label, phase 3 trial. Lancet. 2016;388:1883-1892.

3. Lv X, Cao X, Xia WX, et al. Induction chemotherapy with
lobaplatin and fluorouracil versus cisplatin and fluorouracil
followed by chemoradiotherapy in patients with stage III-IVB
nasopharyngeal carcinoma: an open-label, non-inferiority,
randomised, controlled, phase 3 trial. Lancet Oncol. 2021;22:
716-726.

4. Ou SI, Zell JA, Ziogas A, Anton-Culver H. Epidemiology of
nasopharyngeal carcinoma in the United States: improved

survival of Chinese patients within the keratinizing squamous
cell carcinoma histology. Ann Oncol. 2007;18:29–35.

5. Zhang J, FangW, Qin T, et al. Co-expression of PD-1 and PD-L1
predicts poor outcome in nasopharyngeal carcinoma. Med
Oncol. 2015;32:86.

6. Ma Y, Chen X, Wang A, et al. Copy number loss in granzyme
genes confers resistance to immune checkpoint inhibitor in
nasopharyngeal carcinoma. J Immunother Cancer. 2021;9:
e002014.

7. Johnson D, Ma BBY. Targeting the PD-1/PD-L1 interaction in
nasopharyngeal carcinoma. Oral Oncol. 2021;113:105127.

8. Hsu C, Lee SH, Ejadi S, et al. Safety and antitumor activity of
pembrolizumab in patients with programmed death-ligand 1-
positive nasopharyngeal carcinoma: results of the keynote-028
study. J Clin Oncol. 2017;35:4050-4056.

9. Ma BBY, Lim WT, Goh BC, et al. Antitumor activity of ni-
volumab in recurrent and metastatic nasopharyngeal carci-
noma: an international, multicenter study of the mayo clinic
phase 2 consortium (nci-9742). J Clin Oncol. 2018;36:
1412-1418.

10. Fang W, Yang Y, Ma Y, et al. Camrelizumab (SHR-1210) alone
or in combination with gemcitabine plus cisplatin for naso-
pharyngeal carcinoma: results from two single-arm, phase 1
trials. Lancet Oncol. 2018;19:1338-1350.

11. Wang FH, Wei XL, Feng J, et al. Efficacy, safety, and correlative
biomarkers of toripalimab in previously treated recurrent or
metastatic nasopharyngeal carcinoma: a phase ii clinical trial
(polaris-02). J Clin Oncol. 2021;39:704-712.

12. Even C, Wang HM, Li SH, et al. Phase II, randomized study of
spartalizumab (pdr001), an anti-pd-1 antibody, versus chemo-
therapy in patients with recurrent/metastatic nasopharyngeal
cancer. Clin Cancer Res. 2021;27:6413-6423.

13. Sha D, Jin Z, Budczies J, Kluck K, Stenzinger A, Sinicrope FA.
Tumor mutational burden as a predictive biomarker in solid
tumors. Cancer Discov. 2020;10:1808-1825.

14. Doroshow DB, Bhalla S, Beasley MB, et al. PD-L1 as a bio-
marker of response to immune-checkpoint inhibitors. Nat Rev
Clin Oncol. 2021;18:345-362.

15. Chen BJ, Chapuy B, Ouyang J, et al. PD-L1 expression is
characteristic of a subset of aggressive B-cell lymphomas and
virus-associated malignancies. Clin Cancer Res. 2013;19:
3462-3473.

16. Ali SM, Yao M, Yao J, et al. Comprehensive genomic profiling
of different subtypes of nasopharyngeal carcinoma reveals
similarities and differences to guide targeted therapy. Cancer.
2017;123:3628-3637.

17. Diem S, Schmid S, Krapf M, et al. Neutrophil-to-Lymphocyte
ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as prog-
nostic markers in patients with non-small cell lung cancer
(NSCLC) treated with nivolumab. Lung Cancer. 2017;111:
176-181.

18. Brown JT, Liu Y, Shabto JM, et al. Modified glasgow prognostic
score associated with survival in metastatic renal cell carcinoma
treated with immune checkpoint inhibitors. J Immunother
Cancer. 2021;9:e002851.

8 Cancer Control

https://orcid.org/0000-0002-1142-3135
https://orcid.org/0000-0002-1142-3135
https://orcid.org/0000-0002-2017-5065
https://orcid.org/0000-0002-2017-5065


19. Laino AS, Woods D, Vassallo M, et al. Serum interleukin-6 and
C-reactive protein are associated with survival in melanoma
patients receiving immune checkpoint inhibition. J Immunother
Cancer. 2020;8:e000842.

20. Mezquita L, Auclin E, Ferrara R, et al. Association of the lung
immune prognostic index with immune checkpoint inhibitor
outcomes in patients with advanced non-small cell lung cancer.
JAMA Oncol. 2018;4:351-357.

21. Weide B, Martens A, Hassel JC, et al. Baseline biomarkers for
outcome of melanoma patients treated with pembrolizumab.
Clin Cancer Res. 2016;22:5487-5496.

22. Ma Y, Fang W, Zhang Y, et al. A phase I/II open-label study of
nivolumab in previously treated advanced or recurrent naso-
pharyngeal carcinoma and other solid tumors. Oncol. 2019;24:
e431.

23. von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (strobe)
statement: guidelines for reporting observational studies. Ann
Intern Med. 2007;147:573-577.

24. Hou J, Karin M, Sun B. Targeting cancer-promoting inflam-
mation - have anti-inflammatory therapies come of age? Nat Rev
Clin Oncol. 2021;18:261-279.

25. Greten FR, Grivennikov SI. Inflammation and cancer: triggers,
mechanisms, and consequences. Immunity. 2019;51:27-41.

26. Masucci MT, Minopoli M, Carriero MV. Tumor associated
neutrophils. their role in tumorigenesis, metastasis, prognosis
and therapy. Front Oncol. 2019;9:1146.

27. Kolaczkowska E, Kubes P. Neutrophil recruitment and function
in health and inflammation. Nat Rev Immunol. 2013;13:
159-175.

28. Soyano AE, Dholaria B, Marin-Acevedo JA, et al. Peripheral
blood biomarkers correlate with outcomes in advanced non-
small cell lung cancer patients treated with anti-PD-1 antibodies.
J Immunother Cancer. 2018;6:129.

29. Ren F, Zhao T, Liu B, Pan L. Neutrophil-lymphocyte ratio
(NLR) predicted prognosis for advanced non-small-cell lung
cancer (NSCLC) patients who received immune checkpoint
blockade (ICB). OncoTargets Ther. 2019;12:4235-4244.

30. Chasseuil E, Saint-Jean M, Chasseuil H, et al. Blood predictive
biomarkers for nivolumab in advanced melanoma. Acta Derm
Venereol. 2018;98:406-410.

31. Wang X, Yang M, Ge Y, et al. Association of systemic in-
flammation and malnutrition with survival in nasopharyngeal
carcinoma undergoing chemoradiotherapy: results from a
multicenter cohort study. Front Oncol. 2021;11:766398.

32. Feng Y, Zhang N, Wang S, et al. Systemic inflammation re-
sponse index is a predictor of poor survival in locally advanced
nasopharyngeal carcinoma: A propensity score matching study.
Front Oncol. 2020;10:575417.

33. Chua ML, Tan SH, Kusumawidjaja G, et al. Neutrophil-to-
lymphocyte ratio as a prognostic marker in locally advanced
nasopharyngeal carcinoma: a pooled analysis of two randomised
controlled trials. Eur J Cancer. 2016;67:119-129.

34. Li XH, Chang H, Xu BQ, et al. An inflammatory biomarker-
based nomogram to predict prognosis of patients with

nasopharyngeal carcinoma: an analysis of a prospective study.
Cancer Med. 2017;6:310-319.

35. Yao JJ, Zhu FT, Dong J, et al. Prognostic value of neutrophil-to-
lymphocyte ratio in advanced nasopharyngeal carcinoma: a
large institution-based cohort study from an endemic area. BMC
Cancer. 2019;19:37.

36. Jin Y, Ye X, He C, Zhang B, Zhang Y. Pretreatment neutrophil-
to-lymphocyte ratio as predictor of survival for patients with
metastatic nasopharyngeal carcinoma. Head Neck. 2015;37:
69-75.

37. Fukuda S, Saito K, Yasuda Y, et al. Impact of C-reactive protein
flare-response on oncological outcomes in patients with meta-
static renal cell carcinoma treated with nivolumab. J Immun-
other Cancer. 2021;9:e001564.

38. Yasuda Y, Saito K, Yuasa T, et al. Early response of C-reactive
protein as a predictor of survival in patients with metastatic renal
cell carcinoma treated with tyrosine kinase inhibitors. Int J Clin
Oncol. 2017;22:1081-1086.

39. Hang J, Xue P, Yang H, et al. Pretreatment C-reactive protein to
albumin ratio for predicting overall survival in advanced pan-
creatic cancer patients. Sci Rep. 2017;7:2993.

40. Pastorino U, Morelli D, Leuzzi G, et al. Baseline and postop-
erative C-reactive protein levels predict mortality in operable
lung cancer. Eur J Cancer. 2017;79:90-97.

41. Sproston NR, Ashworth JJ. Role of C-reactive protein at sites of
inflammation and infection. Front Immunol. 2018;9:754.

42. Zhang L, Liu SH, Wright TT, et al. C-reactive protein directly
suppresses Th1 cell differentiation and alleviates experimental
autoimmune encephalomyelitis. J Immunol. 2015;194:
5243-5252.

43. Zhang R, Becnel L, Li M, Chen C, Yao Q. C-reactive protein
impairs human CD14+ monocyte-derived dendritic cell dif-
ferentiation, maturation and function. Eur J Immunol. 2006;36:
2993-3006.

44. Yoshida T, Ichikawa J, Giuroiu I, et al. C reactive protein impairs
adaptive immunity in immune cells of patients with melanoma.
J Immunother Cancer. 2020;8:e000234.

45. Chen YP, Yin JH, Li WF, et al. Single-cell transcriptomics
reveals regulators underlying immune cell diversity and immune
subtypes associated with prognosis in nasopharyngeal carci-
noma. Cell Res. 2020;30:1024-1042.

46. Chen YP, Lv JW, Mao YP, et al. Unraveling tumour microen-
vironment heterogeneity in nasopharyngeal carcinoma identifies
biologically distinct immune subtypes predicting prognosis and
immunotherapy responses. Mol Cancer. 2021;20:14.

47. Gong L, Kwong DL, Dai W, et al. Comprehensive single-cell
sequencing reveals the stromal dynamics and tumor-specific
characteristics in the microenvironment of nasopharyngeal
carcinoma. Nat Commun. 2021;12:1540.

48. Petrelli F, Cabiddu M, Coinu A, et al. Prognostic role of lactate
dehydrogenase in solid tumors: a systematic review and meta-
analysis of 76 studies. Acta Oncol. 2015;54:961-970.
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