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Abstract

Purpose With the treatment of nasopharyngeal carcinoma (NPC) by PD-1/PD-L1 inhibitors used widely in clinic, it becomes
very necessary to anticipate whether patients would benefit from it. We aimed to develop a nomogram to evaluate the efficacy
of anti-PD-1/PD-L1 in NPC patients.

Methods Totally 160 NPC patients were enrolled in the study. Patients were measured before the first PD-1/PD-L1 inhibitors
treatment and after 8—12 weeks of immunotherapy by radiological examinations to estimate the effect. The least absolute
shrinkage and selection operator (LASSO) logistic regression was used to screen hematological markers and establish a
predictive model. The nomogram was internally validated by bootstrap resampling and externally validated. Performance
of the model was evaluated using concordance index, calibration curve, decision curve analysis and receiver operation
characteristic curve.

Results Patients involved were randomly split into training cohort ang validation cohort. Based on Lasso logistic regression,
systemic immune-inflammation index (SII) and ALT to AST ratio (LSR) were selected to establish a predictive model. The
C-index of training cohort and validating cohort was 0.745 and 0.760. The calibration curves and decision curves showed
the precise predictive ability of this nomogram. The benefit of the model showed in decision curve was better than TNM
stage. The area under the curve (AUC) value of training cohort and validation cohort was 0.745 and 0.878, respectively.
Conclusion The predictive model helped evaluating efficacy with high accuracy in NPC patients treated with PD-1/PD-L1
inhibitors.
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Background

Nasopharyngeal carcinoma (NPC) is an epithelial carci-
noma occurring in the mucosa of the nasopharynx. It was
regarded as a most common diagnosed head and neck malig-
nant tumors. In 2020, there were 133,354 new cases of NPC
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diagnosed that year, according to the International Agency
for Research on Cancer [1]. NPC shows distinct geographi-
cal distributing and is particularly common in East Asia,
especially in southern China [2].

Traditionally, emphasized in guidelines, NPC is almost
entirely relying on radiotherapy with concurrent chemother-
apy to achieve disease control, particularly in the treatment
of stage II to IVA disease [3, 4]. However, patients with
recurrence and distant metastasis have limited benefit from
radiotherapy. In the past few years, based on programmed
death-1/programmed death ligand-1 (PD-1/PD-L1) block-
ade, immune checkpoint inhibitors (ICIs) enriched the
thoughts for the treatment of patients with cancer, include
NPC [5, 6]. PD-1/PD-L1 inhibitors in combination with
gemcitabine and cisplatin are approved as first-line for the
treatment of refractory recurrence and/or metastasis (R/M)
NPC in 2021 in China. With the advances in immunotherapy,
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the incorporation of anti-PD-1/PD-L1 in the treatment of
NPC has become a clinical focus [7, 8].

According to the International Union Against Cancer/
American Joint Committee on Cancer (UICC/AJCC) tumor-
node-metastasis (TNM) staging system, NPC is mainly clas-
sified by anatomy and EBV DNA [9]. Due to the limitations
of current staging system in predicting prognosis or treat-
ment effect, particularly in patients treated with IClIs, a lot of
research to explore the other clinical factors and molecular
biomarkers should be brought in the assessment system to
predict prognosis. A multicenter cohort analysis suggested
that a nomogram combined images from magnetic resonance
imaging (MRI) features and clinical data is more accurate in
predicting prognostic for patients with nasopharyngeal car-
cinoma [10]. Many studies have proved the prognostic value
and potential clinical practice of molecular biomarkers, such
as mRNAs, miRNAs, and DNA methylation.

Almost all the risk factors reported in precious studies
have high requirements in equipment, which make it dif-
ficult and expensive to examine routinely. We aimed to set
up a nomogram using common hematological indicators to
predict the benefit of PD-1/PD-L1 inhibitors combinations
in NPC patients.

Method
Patients selection

This study was retrospective and conducted at Sun Yat-sen
University Cancer Center between January 1st, 2018 and
December 31st, 2021. Adult patients with histopathological
confirmation of NPC treated with anti-PD-1/PD-L1 com-
bination therapy were included and randomly divided into
training group and validation group. Patients with incom-
plete data or loss to follow-up were excluded. And patients
received ICI therapy previously were throw away, included
nivolumab, pembrolizumab or atezolizumab. Totally 112
patients were enrolled in training group and 48 patients in
the same condition were included in validation group. The
training group was used to set up a predictive model. The
validation group was used to external examine the general
applicability of the model.

Data collection

Clinical data from electronic medical record system (EMR),
experiment data from laboratory information system (LIS).
Clinical characteristics contained age, gender, metastasis
stage, clinical stage, TNM classification, anti-PD-1medica-
tion regime and therapeutic response. Laboratory examina-
tions, including Blood Routine examination (WBC, ANC,
ALC, MONO, EASO, BASO, NLR, LMR, SII, RBC, HGB,
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HCT, MCV, MCH, MCHC, PLT, NLR, PLR, PNI), biomedi-
cal tests (ALT, AST, LSR, ALP, GGT, TBA, TBIL, DBIL,
IBIL, TP, ALB, GLB, A/G, UREA, CREA, UA, CK, LDH,
GLU, TG, CHO, HDL-C, LDL-C, LHR, ApoAl, ApoB,
ABR, CRP, SAA, CAR, SCR) and EBV DNA. Laboratory
data was collected prior to the initiation of anti-PD-1/PD-L1
treatment.

ANC is absolute neutrophil count. ALC is absolute lym-
phocyte count. NLR is calculated by the ratio of neutrophil
to lymphocyte. LMR is calculated by the ratio of lympho-
cyte-monocyte. PLR is calculated by the ratio of platelet to
lymphocyte. SII is PLT multiplied by NLR. PNI is calcu-
lated by ALB and five-fold of ALC. LSR is calculated by
ALT to AST ratio. LHR is calculated by HDL-C to LDL-C
ratio. ABR is calculated by ApoAl to ApoB ratio. CAR is
calculated by CRP to ALB ratio. SCR is calculated by SAA
to CRP ratio.

Routine Blood Test was determined by Sysmex XN 9000,
biochemical test was determined by Roches 8000 702, EBV
DNA was examined by Roches Combas 480.

Follow-up

ICI therapies in the study were defined as the use of one of
Atezolizumab, Nivolumab, Pembrolizumab, Camrelizumab,
Sintilimab, Toripalimab or Tislelizumab. In the training and
validation cohorts, the therapeutic benefits of immunother-
apy at 8—12 weeks were assessed by radiography according
to solid tumor response assessment criteria (RECIST, ver-
sion 1.1), which classified as partial response (PR), stable
disease (SD), and progressive disease (PD). In this study,
both partial response and stable disease are seemed disease
control (DC).

Statistical analysis

Lasso logistic regression was used to select significant
markers in the training cohort. As the penalty coefficient
A increases, LASSO contracts all regression coefficients
towards zero. The optimal values of the parameter A was
determined by ten-fold cross-validation with the 1 standard
error (1-SE) of the minimum criteria (the 1-SE criteria), and
the final value of A produces the minimum cross-validation
error. Variables corresponding to the coefficients with the
estimated value of O in hypothetical A are eliminated. By
this means, the independent variables closely related to the
dependent variable are picked out to build a model [11].
Continuous variables are represented by median and IQR,
regardless of normal or non-normal distributions. Categori-
cal variables are expressed in frequency and percentages.
Kaplan—Meier method estimates the response. A predic-
tive model of tumor response was established on account
of the markers selected in the LASSO. The nomogram was
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developed for predicting the tumor response of NPC patients
treated by anti-PD-1/PD-L1 therapy. Harrell’s C-index was
evaluated on a range between 0 and 1 to quantify the dis-
criminating performance of the nomogram. The C-index
value above 0.75 was considered to indicate a good degree
of consistency. The decision curve was plotted for the model
of nomogram. Calibration curves that are close to ideal are
considered to have accurate predictive power. With the area
under curve (AUC), receiver operation characteristic (ROC)
curve analyzes the prediction value of the model.

A test P-value < 0.05 indicated a statistically significant
difference. Data were analyzed with the IBM SPSS Statistics
for Windows (version 24.0) and R software (version 3.1.4;
http://www.Rproject.org).

Results
Patient characteristics

A total of 160 subjects from Sun Yat-sen University Cancer
Center recieving PD-1/PD-L1 antibody were recruited in
this study: 112 in the training cohort and 48 in the validation
cohort. Patients in this study ranged between 28 and 72 years
old. The majority of patients in the training cohort were
male (69.64%) and the average age is 47.4(41, 56.3) years
old. The average age of patients in the validation cohort is
also 46.9(40, 55) years old and 66.67% (32/48) were male.

In this study, all patients used PD-1/PD-L1 inhibitors
regularly. Among the 160 patients, 103 experienced lymph
node metastases, while 57 did not have a lymph node metas-
tasis. Distant metastasis occurred in 64 cases, while 96
have no distant metastasis. The response of NPC patients
to PD-1/PD-L1 inhibitor treatment was initially assessed at
8—12 weeks and constantly updated. All patients were fol-
lowed more than 12 months. Patients were randomly divided
into two groups at a ratio of 7:3.

Up to December 31, 2021, there were 91 (81.25%)
patients had their disease under control in training cohort
and 39 (81.25%) in validating cohort. Respectively,
21(18.75%) and 9(18.75%) patients’ progressive disease
in the training and validation cohorts. Overall, 130 of 160
patients (81.25%) achieved disease control.

No significant differences were observed between the
two groups. The demographic and clinical characteristics
of patients in the training and validation cohorts are listed
in Table 1.

Independent prognostic factors selection

LASSO regression can purify the most critical predictors
from the virgin data set and is particularly suitable for work-
ing with high-dimensional data. LASSO logistic regression
model could establish a risk score model, which simplified
50 variables into 2 potential predictors. The distribution of
coefficients is shown in Fig. 1A, and the cross-validated

Table 1 Demographic and

s o Characteristic All (n=160) Training cohort (n=112) Validation cohort P
chr}lcal c.haracterl.sthlcs of NPC (n=48)
patients in the training and
validation cohorts Sex, n(%) 0911
Male 111(68.38%) 78(69.64%) 33(68.75%)
Female 49(30.63%) 34(30.36%) 15(31.25%)
Age(year) 47.2(41,54) 47.4(41,56.3) 46.9(40,55) 0.788
Clinical stage 0.871
I 5(3.12%) 3(2.68%) 2(4.12%)
1T 39(24.38%) 27(24.11%) 12(25.00%)
v 116(72.50%) 82(73.21%) 34(70.83%)
Tumor stage 0.072
TO-2 27(16.88%) 15(13.39%) 12(25.00%)
T34 133(83.12%) 97(86.61%) 36(75.00%)
Node stage 0.692
NO-1 57(35.63%) 41(36.61%) 16(33.33%)
N2-3 103(64.37%) 71(63.40%) 32(66.67%)
Metastasis stage 0.324
MO 96(60.00%) 70(62.50%) 26(54.17%)
Ml 64(40.00%) 42(37.50%) 22(45.83%)
Outcome 1
DC 130(81.25%) 91(81.25%) 39(81.25%)
PD 30(18.75%) 21(18.75%) 9(18.75%)
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Fig.1 Prediction of the efficacy of NPC patients treated with PD-1 inhibitors based on prognostic factors. A Parameter (A) selection in the Lasso
model used tenfold cross-validation based on the minimum criteria. B Changes in 33 marker coefficients with the penalty parameter (A)
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Fig.2 Nomogram for the prediction of disease control with Lasso
selected factors

error plot is shown in Fig. 1B. ALT to AST ratio (LSR) and
systemic immune-inflammation index (SII) were determined
by the training set (n=112), these indicators were consid-
ered to predict the effect of anti-PD-1/PD-L1 therapy.

Predictive nomogram
Based on the LASSO regression analysis, all independent
predictive factors were integrated into a predictive model

for visualization in of a nomogram form (Fig. 2). Each
predictor corresponds to a score in the nomogram, ranging
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from O (lowest risk) to 100 (highest risk). In the nomo-
gram, LSR was the most significant risk factors, while SII
showed a noteworthy impact on treatment outcomes. By
adding total scores together and drawing a vertical line
from the position of total points, the estimated probability
of tumor response of NPC patients could be obtained.

Clinical utility of the nomogram

To validate the clinical validity of the model and dem-
onstrate the universality of nomogram, we validated our
model with a validation cohort. C-index analysis showed
that the C-index of training cohort and validity cohort
provided by nomogram were 0.745 and 0.760, respec-
tively. The calibration curves of training cohort (Fig. 3A)
and validating cohort (Fig. 3D) showed good agreement
with the ideal line of 45-degree. The nomogram has good
accuracy in predicting the prognosis of NPC patients.
Decision curve analysis of training cohort (Fig. 3B) and
validation cohort (Fig. 3E) also suggested the potential
clinical effects. During the curves, the new model showed
the greatest net benefits in predict therapeutic benefits.
And the prediction value of both training cohort (Fig. 3C)
and validation cohort (Fig. 3F) of the model were proved
by receiver operation characteristic curve with the area
under curve. The area under the curve (AUC) in train-
ing cohort are 0.745 (P <0.001) and that of the validation
cohort was 0.878 (P <0.001). The ROC curve displayed
the extraordinary sensitivity and specificity of the model.
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Fig.3 A Calibration plots of training cohort for predicting treatment
effect. X-axis: bootstrap-predicted; y-axis: actual outcome. B Deci-
sion curve analysis (DCA) of the nomogram for predicting treat-
ment effect in training cohort. X-axis: cut-off probability; y-axis: net
benefit. C Receiver operating characteristic (ROC) curve of train-

Discussion

Despite radiotherapy with concurrent chemotherapy is still
standard treatment, increasingly more NPC patients benefit
from PD-1/PD-L1 inhibitors. However, the success of PD-1/
PD-L1 inhibitors in disease control for NPC accompanied
by uncertainty. Not all patients are fortunate enough to make
good changes in disease development.

In the present study, the clinical characteristics and risk
factors of NPC patients treated with anti-PD-1/PD-L1 were
described, and the prognostic model of NPC patients was
constructed to provide a theoretical basis for predicting the
curative effect. In this study, two factors significantly asso-
ciated with the effect, which include LSR and SII. These
predictors used in nomogram can be easily accessed from
clinical information and laboratory information systems and
are feasible to apply in clinical practice.

Tumor microenvironment (TME) is a complex and rich
multicellular system which contains tumor cells, lympho-
cytes (T-cells, B-cells, NK cells), myeloid populations
[myeloid-derived suppressor cells (MDSCs), tumor-associ-
ated macrophages (TAMs), dendritic cells, tumor-associated

04
High Risk Threshold

08
1-specificity

ing cohort with area under the curve values. D Calibration plots of
validation cohort for predicting treatment effect. E Decision curve
analysis (DCA) of the nomogram for predicting treatment effect in
validation cohort. F Receiver operating characteristic (ROC) curve of
validation cohort with area under the curve values

neutrophils (TANSs)], stromal cells [such as carcinoma-asso-
ciated fibroblasts (CAFs)], lymphatic vascular networks, vas-
cular system and extracellular matrix components(cytokines,
growth factor, chemokins) [12, 13]. It is widely recognized
that TME play an important roll in dynamically regulating
cancer progression and influencing treatment outcome [14].

It is generally believed that inflammation is crucial in
cancer and involved in various stage of cancer development,
including initiation, progression, malignant transformation,
metastasis, and moreover [15, 16]. In confirmed cancers,
there is oceans of evidence that local immune responses
and systemic inflammation play a role in building pro-tumor
microenvironments in tumor development [17]. Changes in
blood-based biomarkers may reflect the development of the
disease in patients treated with immune checkpoint inhibi-
tors (ICIs) [18].

SII is a continuous parameter calculated by three types
of white cells (peripheral neutrophils, platelets, and lym-
phocytes) which was studied in various cancers, such as
hepatocellular carcinoma and renal cell cancer [19, 20].
Zeng et al. conducted a retrospective study of 559 patients
with NPC and 500 patients with chronic rhinitis, and found
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that the inflammatory parameters, including SII, were sig-
nificantly higher in NPC patients before treatment than in
patients with chronic rhinitis [17]. Another study conducted
by Wang et al. proposed that the level of SII during treatment
is a promising indicator of survival in NPC patients. The
inflammation index could be used as independent prognostic
factors for cancers, and they have higher prognostic value
than only white blood cells [21]. In our study, high SII is
associated with poor efficacy in NPC patients treated with
PD-1/PD-L1 inhibitors.

Typically, the level of serum ALT and AST were meas-
ured to reviewing liver function, and LSR is also used as
an indicator of liver function [22]. In recent decade, some
researchers pointed it may have some associations with
tumors. One study reported that AST/ALT ratio was associ-
ated with the efficacy in cancer patients by predicting chem-
otherapy-induced thrombocytopenia risk [23, 24]. Another
study showed that baseline LSR is associated with the prog-
nosis of patients with gastric adenocarcinoma [24]. What’s
more, GGT and AST/ALT are reported to be independent
factors that relate to the overall survival rate of esophageal
squamous cell carcinoma [25].

In our study, we find that the baseline LSR is connected
to the treatment effect of PD-1/PD-L1 inhibitors in NPC
patients. Patients with higher baseline LSR levels are more
likely to have a better tumor response. Conducted in the
same institution, another study proved that the efficacy of
anti-PD-1 in NPC patients may involve the dynamic changes
of LSR [26]. Although there are some evidence, the use of
LSR to evaluate the benefit of NPC patients treated with
anti-PD-1/PD-L1 needs to be proofed in more studies.

This study was limited in some ways. Firstly, the num-
ber of NPC patients is large in our hospital, but the effi-
cacy evaluation requires a long follow-up period so that the
subjects involved is limited. Second, it was a retrospective
study, which may have affected the ability of the analysis to
construct the model. Further prospective studies are needed
to validate the model.

This study have some limitations. Firstly, the volume of
patients involved is limited. Secondly, it was a retrospective
single center study. This may have influenced the power of
the analysis to build model. Further prospective studies are
needed to validate the utility of the nomogram in clinical
with larger and more diverse patient cohort.

To our knowledge, few studies in China concentrated
on efficacy evaluation in NPC patients treated with PD-1/
PD-L1 antibodies and the performance is not so good [27].
This study established a model for predicting tumor response
of NPC patients treated with PD-1/PD-L1 inhibitors for the
first time, providing a beneficial basis for the treatment of
NPC patients. Physicians can quickly predict the therapeutic
effect of ICI treatment in NPC patients and propose thera-
peutic plans based on the therapeutic evaluation. Additional
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studies would be required to explore the mechanisms and
predictors of non-sense.

Conclusion

In summary, our study focus on NPC patients treated with
PD-1/PD-L1 inhibitors and build a new nomogram to evalu-
ate the efficacy of these patients. The nomogram may help
clinicians to simply estimate treatment efficacy of NPC
patients treated with PD-1/PD-L1 inhibitors in the early
stage of treatment.

Acknowledgements We would like to give our sincere appreciation to
department of laboratory medicine of Sun Yat-sen University Cancer
Center. We would also like to thank reviewers for their helpful com-
ments on this article.

Author’s contributions YC was responsible for the statistics analysis
of data, charm making and the writing of the manuscript. DBC was
responsible for consulting medical records and collecting the routine
laboratory data. WRZ and XSH participated in literature searching and
assessments. WXP and HH were in charge of the proposal of scientific
problems, the design and organization of the subject, and the overall
interpretation. All authors read and approved the final manuscript.

Funding None.

Availability of data and materials The original contributions presented
in the study are included in the article. Further inquiries can be directed
to the corresponding author.

Declaration

Conflict of interests No conflict of interest.

Ethical approval and consent to participate The Institute Research Eth-
ics Committee of the Sun Yat-Sen University Cancer Center, Guang-
zhou, China approved this study. Written informed consents were
exempted because of retrospective analysis.

Consent for publication All authors declare the final manuscript and
the submission to this journal.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Clinical and Translational Oncology (2024) 26:2601-2607

2607

References

10.

11.

13.

14.

15.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71(3):209-49.

Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Naso-
pharyngeal carcinoma. Lancet. 2019;394(10192):64-80.

Chan AT, Gregoire V, Lefebvre JL, Licitra L, Hui EP, Leung SF,
et al. Nasopharyngeal cancer: EHNS-ESMO-ESTRO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2012;23(Suppl 7):vii83-5.

Chen YP, Ismaila N, Chua MLK, Colevas AD, Haddad R, Huang
SH, et al. Chemotherapy in combination with radiotherapy
for definitive-intent treatment of stage II-IVA nasopharyn-
geal carcinoma: CSCO and ASCO guideline. J Clin Oncol.
2021;39(7):840-59.

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith
DC, McDermott DF, et al. Safety, activity, and immune cor-
relates of anti-PD-1 antibody in cancer. N Engl J Med.
2012;366(26):2443-54.

Fang W, Yang Y, Ma Y, Hong S, Lin L, He X, et al. Camrelizumab
(SHR-1210) alone or in combination with gemcitabine plus cispl-
atin for nasopharyngeal carcinoma: results from two single-arm,
phase 1 trials. Lancet Oncol. 2018;19(10):1338-50.

Masterson L, Howard J, Gonzalez-Cruz J, Jackson C, Barnett C,
Overton L, et al. Immune checkpoint inhibitors in advanced naso-
pharyngeal carcinoma: Beyond an era of chemoradiation? Int J
Cancer. 2020;146(8):2305-14.

XulJY, Wei XL, Wang YQ, Wang FH. Current status and advances
of immunotherapy in nasopharyngeal carcinoma. Ther Adv Med
Oncol. 2022;14:17588359221096214.

Amin MB, American Joint Committee on Cancer, American Can-
cer Society. AJCC cancer staging manual. Eight edition/editor-
in-chief, Amin MB, Edge SB, and 16 others, Gress DM, RHIT,
CTR—Technical editor; Meyer LR, CAPM—Managing editor.
ed. Chicago IL: American Joint Committee on Cancer, Springer;
2017. xvii, p. 1024.

Qiang M, Li C, Sun Y, Sun Y, Ke L, Xie C, et al. A Prognos-
tic predictive system based on deep learning for locoregion-
ally advanced nasopharyngeal carcinoma. J Natl Cancer Inst.
2021;113(5):606-15.

Tibshirani R. The lasso method for variable selection in the Cox
model. Stat Med. 1997;16(4):385-95.

Junttila MR, de Sauvage FJ. Influence of tumour micro-
environment heterogeneity on therapeutic response. Nature.
2013;501(7467):346-54.

Lei X, Lei Y, Li JK, Du WX, Li RG, Yang J, et al. Immune cells
within the tumor microenvironment: biological functions and
roles in cancer immunotherapy. Cancer Lett. 2020;470:126-33.
Bejarano L, Jordao MJC, Joyce JA. Therapeutic targeting of the
tumor microenvironment. Cancer Discov. 2021;11(4):933-59.
Diakos CI, Charles KA, McMillan DC, Clarke SJ. Cancer-
related inflammation and treatment effectiveness. Lancet Oncol.
2014;15(11):e493-503.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature. 2008;454(7203):436-44.

Zeng X, Liu G, Pan Y, Li Y. Development and validation of
immune inflammation-based index for predicting the clinical
outcome in patients with nasopharyngeal carcinoma. J Cell Mol
Med. 2020;24(15):8326-49.

Guven DC, Sahin TK, Erul E, Cakir I'Y, Ucgul E, Yildirim HC,
et al. The association between early changes in neutrophil-lym-
phocyte ratio and survival in patients treated with immunotherapy.
J Clin Med. 2022;11(15):4523.

. Hu B, Yang XR, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic

immune-inflammation index predicts prognosis of patients after
curative resection for hepatocellular carcinoma. Clin Cancer Res.
2014;20(23):6212-22.

De Giorgi U, Procopio G, Giannarelli D, Sabbatini R, Bearz A,
Buti S, et al. Association of systemic inflammation index and body
mass index with survival in patients with renal cell cancer treated
with nivolumab. Clin Cancer Res. 2019;25(13):3839-46.

Yuan X, Feng H, Huang H, Li J, Wu S, Yuan Y, et al. Systemic
immune-inflammation index during treatment predicts prognosis
and guides clinical treatment in patients with nasopharyngeal car-
cinoma. J Cancer Res Clin Oncol. 2023;149(1):191-202.

Lala V, Zubair M, Minter DA. Liver Function Tests. StatPearls.
Treasure Island (FL) ineligible companies. Disclosure: Muham-
mad Zubair declares no relevant financial relationships with ineli-
gible companies. Disclosure: David Minter declares no relevant
financial relationships with ineligible companies. 2023.

Song B, Zhou S, Li C, Zheng H, Zhang X, Jin X, et al. A predic-
tion model for chemotherapy-induced thrombocytopenia based on
real-world data and a close relationship between AST/ALT ratio
and platelet count in patients with solid tumors. Int J Gen Med.
2022;15:8003-15.

Chen SL, Li JP, Li LF, Zeng T, He X. Elevated preoperative serum
alanine aminotransferase/aspartate aminotransferase (ALT/AST)
ratio is associated with better prognosis in patients undergoing
curative treatment for gastric adenocarcinoma. Int J Mol Sci.
2016;17(6):911.

Huang H, Wang XP, Li XH, Chen H, Zheng X, Lin JH, et al.
Prognostic value of pretreatment serum alanine aminotransferase/
aspartate aminotransferase (ALT/AST) ratio and gamma gluta-
myltransferase (GGT) in patients with esophageal squamous cell
carcinoma. BMC Cancer. 2017;17(1):544.

Zhang A, Zhong G, Wang L, Cai R, Han R, Xu C, et al. Dynamic
serum biomarkers to predict the efficacy of PD-1 in patients with
nasopharyngeal carcinoma. Cancer Cell Int. 2021;21(1):518.

Li S-C, Deng S-W, Sun X-S, Lan K-Q, Guo C-Y, Lin D-F, et al.
A new prognostic model for predicting outcomes of patients with
recurrent or metastatic nasopharyngeal carcinoma receiving sub-
sequent line (>2 lines) anti-programmed death-1 monotherapy.
Oral Oncol. 2023;139:106336.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Development and validation of a nomogram to predicting the efficacy of PD-1PD-L1 inhibitors in patients with nasopharyngeal carcinoma
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Patients selection
	Data collection
	Follow-up
	Statistical analysis

	Results
	Patient characteristics
	Independent prognostic factors selection
	Predictive nomogram
	Clinical utility of the nomogram

	Discussion
	Conclusion
	Acknowledgements 
	References




