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Abstract

Background Since Immune response, nutritional status and Epstein—Barr Virus (EBV) DNA status have been con-
firmed to be relevant to the prognosis of patients with nasopharyngeal carcinoma (NPC), we believe that the com-
bination of these factors is of great value for improving the predictive ability. LA (lymphocytes x albumin), a novel
indicator, had not been studied yet in NPC. We combined it with EBV DNA and used nomograms to increase the accu-
racy of prognosis.

Methods A total of 688 NPC patients were retrospectively reviewed and further divided into training and validation
cohort randomly. Kaplan—-Meier analyses were used to to distinguish the different survival outcomes. Multivariate Cox
analyses were used to identify the independent prognostic factors for progression-free survival (PFS) and overall sur-
vival (OS). Calibration curves, concordance indexes (C-indexes) and decision curve analyses (DCA) were used to evalu-
ate the nomograms’ predictive value.

Results Patients with low LA and positive EBV DNA correlated with poorer 5-year PFS and OS (all P<0.005). In multi-
variate Cox analyses, LA and EBV DNA were both confirmed to be independent prognostic factors for PFS and OS (all
P <0.05). Prognostic nomograms incorporating LA and EBV DNA achieved ideal C-indexes of 0.69 (95% Cl: 0.65-0.73)
and 0.77 (95% Cl: 0.71-0.82) in the prediction of PFS and OS. Otherwise, the calibration curves and DCA curves

also revealed that our nomograms had pleasant predictive power.

Conclusions LA is a novel and powerful biomarker for predicting clinical outcomes in NPC. Our nomograms based
on LA and EBV DNA can predict individual prognosis more accurately and effectively.
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Introduction

Nasopharyngeal carcinoma (NPC), a distinctive head and
neck cancer arising from nasopharyngeal epithelium, has
a high reported incidence of 5.0/100,000 in Southeast
Asia [1]. Despite survival rates have increased with the
advance of multidisciplinary management and treatment,
approximately 20% of patients still experience disease
progression and mortality [2—4]. Therefore, to improve
the treatment effects, identifying key predictors to select
patients at different risk levels is required for individual-
ized treatment.

The dynamic interaction between immune response
and tumor microenvironment has become a popu-
lar focus of attention. Increasing evidence shows that
the immune response of a patient contributes to can-
cer development and progression [5-7]. Lymphocytes,
a crucial type of immune cells, play an essential role in
immune monitoring by inhibiting the proliferation and
metastasis of cancer cells via lymphocyte-mediated cyto-
toxicity [8]. And its level can reveal prognosis of cancer.
Okadome [9] et al. found that the low tumor-infiltrating
lymphocytes (TILs) were associated with poor over-
all survival (OS) in esophageal carcinoma. In addition,
nutritional status is linked to therapeutic response, treat-
ment toxicity and prognosis of various cancers [10, 11].
Serum albumin (ALB), a classical biomarker of the body’s
nutritional status, can reliably assess the nutritional sta-
tus of cancer patients. Decreased albumin level is a sign
of poor prognosis for cancer [12—15]. Li et al. suggested
serum albumin as an effective prognostic biomarker of
NPC patients [16]. Using a combination of these factors
of immune and nutritional status, a novel indicator, LA
(Lymphocytes x albumin), caught our interest. The LA,
calculated by the product of lymphocytes and albumin,
was first proposed in distinguish benign and malignant
pancreatic cystic neoplasm [17]. Recently, it had been
demonstrated that low LA was particularly related to
poor survival outcomes in rectal cancer [18]. However,
the prognostic value of LA in NPC is still unclear, and
using LA alone is still insufficient for making individual-
ized predictions.

As a specific pathogenic factor of NPC, the contribu-
tion of Epstein-Barr virus (EBV) DNA cannot be ignored
[19]. The detection of EBV DNA level in plasma is exten-
sively used in population screening, prognosis evalua-
tion and risk stratification [20-22]. In plasma samples,
the sensitivity and specificity of EBV DNA in screening
for nasopharyngeal carcinoma were 97.1% and 98.6%,
respectively [21]. High plasma EBV DNA concentration
was significantly correlated with advanced tumor stage
and worse prognosis [20, 23]. Many scholars further
revealed that EBV DNA, in combination with other indi-
cators, strengthened the predictive efficacy [24—26]. For
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example, Jin [25] combined EBV DNA with the systemic
inflammation response index (SIRI) and found that it
achieved the largest area under the curve (AUC) to pre-
dict survival. And in Huang’s study, the predictive capac-
ity of EBV DNA combined with the C-reactive protein/
albumin ratio (CAR) has a higher C-index of 0.693, which
was superior to EBV DNA or CAR alone [26]. Therefore,
we tried to combine LA and EBV DNA to improve the
predictive ability.

Nomogram, a more precise tool for individual pre-
diction of a clinical event than traditional TNM staging
system, is commonly used for risk estimation in various
types of cancers [27]. In the nomogram developed by
Wang et al., we can intuitively and accurately predict the
survival probability for individual patients with small-cell
lung cancer with a higher C-index of 0.722 [28]. Hence,
in the present study, we initially attempted to show the
prognostic significance of LA in NPC and then inves-
tigated the effect of its combination with EBV DNA on
improving prediction. Finally, we established nomograms
to further enhance the predictive precision for individual
patients in NPC.

Materials and methods

Study population

Between January 2005 to December 2015, a retrospective
study was performed including 688 patients with NPC,
who were diagnosed at the Nanfang Hospital of South-
ern Medical University. The inclusion criteria were as fol-
lows: 1) histopathology confirmed NPC; 2) had complete
medical records and baseline laboratory data including
pretreatment albumin, lymphocytes and EBV DNA; 3)
completed the entire treatment. The exclusion criteria
were as follows: 1) developed distant metastasis or com-
bined with other malignancies at diagnosis; 2) had a his-
tory of cancer treatment; 3) had serious complications;
4) had insufficient follow-up data. All patients were ran-
domly divided into a training cohort (456 patients) and
a validation cohort (232 patients). The 8th edition of the
American Joint Committee on Cancer (AJCC) staging
system was performed for the present study. The research
was approved by the Ethics Committee of Nanfang Hos-
pital of Southern Medical University (Ethical review
approval no.: NFEC-2017-165).

Data collection

The peripheral blood test of including lymphocytes, albu-
min (ALB) were gathered within 1 week before treat-
ment. The plasma EBV DNA was tested within 1 month
before treatment. Both peripheral blood test and EBV
DNA measurement were conducted in the Laboratory
Medicine Center of Nanfang Hospital, Southern Medical
University from the standard operating procedures (The



Wu etal. BMC Cancer  (2023) 23:1217

method of EBV DNA detection in Supplementary file 1,
Additional File 1).

The BamH I-W region of EBV genome was amplified
by real-time quantitative polymerase-chain reaction (RT-
qPCR) technique to determine plasma EBV DNA levels.
After PCR assay, the plasma EBV DNA level of>500
copies/ml was defined as positive, and the negative EBV
DNA level was recorded as<500 copies/ml. Referring
to previous studies [29, 30], we chose 500 copies/ml as
the optimal cutoff value based on the referring thresh-
old of Laboratory Medicine Center, Nanfang Hospital,
Southern Medical University. The calculation formula
of LA was described as follows: LA =total lymphocyte
count (10°/L)xserum albumin (g/L). The cutoff of LA
was obtained via receiver operating characteristic (ROC)
curve analyses.

Treatment

Based on the National Comprehensive Cancer Network
(NCCN) guidelines, intensity-modulated radiation ther-
apy (IMRT) along was recommended for stage I patients,
concurrent chemoradiotherapy (CCRT) was recommend
for stage II patients, a combination of CCRT and induc-
tion chemotherapy (IC) with or without adjuvant chemo-
therapy (AC) was recommend for stage III/IV patients.
(The detailed protocols for radiotherapy and chemother-
apy were in Supplementary file 2, Additional File 2).

Follow-up and endpoint

After the completion of treatment, patients were
required to assess every 3 months for the first year, and
every 6 months between the second and third year, then
yearly thereafter. The examination items included physi-
cal examination, nasopharyngeal endoscopy, abdomi-
nal ultrasound, peripheral blood test, chest radiography,
magnetic resonance imaging (MRI) of nasopharynx and
neck, a whole-body bone scan or the positron emission
tomography and computed tomography (PET-CT). The
recurrence of nasopharynx and neck tumor or metasta-
sis of cervical lymph nodes was confirmed by the biopsy
or needle biopsy in the suspected region. Our primary
endpoint was progression-free survival (PFS), defined as
the time from diagnosis to the date of disease progres-
sion, death from any cause or last follow-up. The second-
ary endpoint in current study was overall survival (OS),
which was defined as the time between diagnosis to death
from any cause or last follow-up.

Statistical analysis

Continuous variables were transformed into cat-
egorical variables, and chi-square test or Fisher’s
exact test was performed to compare the clinical fea-
tures of these two groups. The receiver operating
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characteristic (ROC) curve was used to determine the
cut-off of LA. Survival curves were calculated using
Kaplan—Meier method and compared by the log-rank
test. Univariate and multivariate COX proportional
hazards regression analyses were performed to deter-
mine independent prognostic factors of PFS and OS.
Then, based on the significant prognostic factors from
multivariate COX regression analysis in the training
cohort, the OS and PFS nomogram were developed. To
measure the discrimination performance of the nomo-
gram, we calculated Concordance indexes (C-indexes).
The calibration curve was used to evaluate the good-
ness of fit between the observed values and predicted
values. Decision curve analysis (DCA) was performed
to assess the clinical usefulness of the nomogram. All
analyses were carried out using IBM SPSS 23.0, Graph-
pad Prism V6.0 and R software v4.2.1. All tests were
two-tailed and a P value <0.05 was considered statisti-
cally significant.

Results

Baseline characteristics in the training and validation
cohorts

A total of 456 patients in the training cohort and 232
patients in the validation cohort were included in this
study. The baseline characteristics of the training cohort
and validation cohorts are shown in Table 1. There was
no significant difference between the two cohorts.

In the training cohort, there were 327 (71.7%) male and
129 (28.3) female patients with a median age of 47 years.
The median follow-up duration was 61 months. Dur-
ing follow-up, 128 (28.1%) patients developed tumor
progression and 58 (12.7%) patients died. In the valida-
tion cohort, there were 179 (77.2%) male and 53 (22.8%)
female patients with a median age of 47 years. The

Table 1 Baseline characteristics of the patients in training and
validation cohorts

Characteristic Training Validation P value
cohort cohort
(n=456) (n=232)
Gender (male/female) 327/129 179/53 0.126
Age (<55/>55,years) 352/104 188/44 0.246
Smoke (no/yes) 278/178 130/102 0213
Drink (no/yes) 415/41 202/30 0.108
WHO pathological type (I/II/Ill)  0/32/424 3/14/215 0.061
T stage (T1-T2/T3-T4) 179/277 104/128 0.160
N stage (NO-N1/N2-N3) 202/254 105/127 0.811
TNM stage (I-I/1lI-IVa) 95/361 52/180 0.633

Abbreviations: WHO World Health Organization, T Tumor, N Node, TNM Tumor
node metastasis
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median follow-up time was 61.5 months. During follow-
up, 74 (31.9%) and 35 (15.1%) patients experienced tumor
progression and mortality, respectively.

The optimal cutoff of LA and EBV DNA

The optimal cutoff value for LA was 80.17, according
to the ROC curve (AUC: 0.630, 95% CI: 0.573-0.687,
P<0.001; sensitivity: 0.688, specificity: 0.509) (Fig. 1).
Based on the cutoff above, the patients were divided
into low and high LA groups. Regarding EBV DNA, the
referring threshold in our institution was 500 copies/mL.
Therefore, we chose this value as the optimal cut-off value
to classify patients into negative and positive groups.

Patient characteristics according to LA in the two cohorts

Table 2 presents the association between LA and patient
clinical characteristics. The results revealed that LA was
only correlated with sex in both the training (P=0.046)
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and validation (P=0.035) cohorts. However, in the vali-
dation cohort, a significant correlation between LA
and age (P=0.006) and EBV DNA (P=0.036) was also
observed.

Survival curves of LA and EBV DNA
In the training cohort, the Kaplan—Meier survival anal-
yses revealed that compared with the higher LA group,
the low LA group had shorter PFS and OS (all P<0.001,
Fig. 2a, b). In the level of EBV DNA, patients with posi-
tive EBV DNA had worse PFS (P<0.001, Fig. 2¢c) and
OS (P=0.003, Fig. 2d) than patients with negative EBV
DNA. The above results were confirmed in the validation
cohort (all P<0.01, See Supplementary Figure 1, Addi-
tional File 3).

Besides, we further performed subgroup analyses to
assess the prognostic value of LA and EBV DNA in the
patients groups like gender, age and TNM stage. Only in
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Fig. 1 Receiver operating characteristic curve for pretreatment LA based on PFS. The area of LA under the curve is 0.630, 95% Cl: 0.573-0.687,

P<0.001; sensitivity: 0.688, specificity: 0.509

Table 2 Baseline characteristics of the patients in training and validation cohorts according to LA

Characteristic Training cohort

Validation cohort

LA (<80.17) LA (>80.17) Pvalue LA (<80.17) LA (>80.17) Pvalue

(n=249) (n=207) (n=115) (n=117)
Gender (male/female) 169/80 158/49 0.046 82/33 97/20 0.035
Age (£55/>55,years) 189/60 163/44 0472 85/30 103/14 0.006
Smoke (no/yes) 155/94 123/84 0.538 69/46 61/56 0.228
Drink (no/yes) 224/25 191/16 0.390 101/14 101/16 0.733
WHO pathological type (I/11/11) 0/18/231 0/14/193 1.000 1/6/108 2/8/107 0.837
EBV DNA (negative/positive) 125/124 86/121 0.065 59/56 44/73 0.036
T stage (T1-T2/T3-T4) 93/156 86/121 0.361 46/69 58/59 0.143
N stage (NO-N1/N2-N3) 111/138 91/116 0.895 49/66 56/61 0421
TNM stage (-I/11I-IVa) 46/203 49/158 0.174 20/95 32/85 0.069

Abbreviations: LA Lymphocyte x albumin, WHO World Health Organization, EBV DNA Epstein-Barr virus DNA, T Tumor, N Node, TNM Tumor node metastasis



Wu etal. BMC Cancer  (2023) 23:1217

a
2 100-
< == Jow LA
E SO-F == high LA
Z 60
H
H
& 404
é P<0.001
% 201
& 0 T T T T T T 1
0 20 40 60 80 100 120 140
Time (Months)
No. at risk
low LA 249 203 139 106 31 9 3
high LA 207 187 142 108 33 6 3

C
100+
% =—— negative EBV DNA
£ 80 —— positive EBV DNA
£ 60
Z
& 40
& P<0.001
% 20-

0

0 20 40 60 80 100 120 140
Time (Months)

No. at risk

negative 211 197 143 116 31 12 3

positive 245 193 138 98 36 4 3

Page 5 of 13

100+
_ “%————— == low LA
£ 80 ‘ —— high LA
e
E
= 604
t
2 404
E P<0.001
2 20
=]
0 T T T T T T 1
0 20 40 60 80 100 120 140
Time (Months)
No. at risk
low LA 249 233 168 128 36 9 3
high LA 207 198 163 121 36 8 3
d
1004

== negative EBV DNA
=== positive EBV DNA

60

Overall survival rate (%)

40
P=0.003

20

0 T T T T T T 1

0 20 40 60 80 100 120 140

Time (Months)

No. at risk
negative 211 206 155 126 33 12 3
positive 245 225 176 123 42 6 1

Fig. 2 Kaplan—-Meier survival curves of PFS and OS in the training cohort. a shows the curves based on LA groups for PFS; b shows the curves
based on LA groups for OS; ¢ shows the curves based on EBV DNA groups for PFS; d shows the curves based on EBV DNA groups for OS. Worse

prognosis was observed in patients with low LA or positive EBY DNA

the TNM stage groups we found the difference between
LA or EBV DNA groups. It showed that in the TNM
stage subgroup of III-IVa, patients with low LA levels
or positive EBV DNA had poor PFS (P<0.001) and OS
(P<0.010). The results were also observed in validation
cohorts. (See Supplementary Figures 2-3, Additional
Files 4 and 5).

Univariate and multivariate analyses

In univariate analyses, the variables of age, T stage, TNM
stage, LA, and EBV DNA were significant predictors of
PES and OS. Gender was also a significant predictor of
PFS (P=0.042). All variables with P values less than 0.05
in univariate analysis were included in multivariate Cox
analysis.

Multivariate analyses demonstrated that LA, EBV
DNA, and TNM stage were significant independ-
ent prognostic factors associated with OS and PFS (all
P<0.050). In addition, age > 55 years was still found to be
an independent risk factor for OS (P<0.001). The com-
plete results are presented in Tables 3 and 4.

Prognostic value of EBV DNA combined with LA

Since LA and EBV DNA were both independent prognos-
tic factors in the multivariate analysis, we further com-
bined LA and EBV DNA to explore its prognostic value.
Patients were distributed into four groups: Group 1, high
LA +negative EBV DNA; Group 2, high LA + positive EBV
DNA; Group 3, low LA +negative EBV DNA; and Group
4, low LA +positive EBV DNA. In the training cohort, 86
(18.9%), 121 (26.5%), 125 (27.4%), and 124 (27.2%) patients
were assigned to each group. Our results revealed a signifi-
cant survival difference in LA combined with EBV DNA.
Patients in Group 4 had obviously worse PFS and OS than
patients in the other groups (all P<0.001, Fig. 3a, c). The
results were verified in the validation cohort (Fig. 3b, d).

Nomograms establishment and validation

To enhance the accuracy of individual PFS and OS pre-
dictions, we constructed nomograms of PFS and OS
based on the results of multivariate analyses in the train-
ing cohort. According to the multivariate analyses, three
independent prognostic variables (TNM stage, LA, and
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Table 3 Univariate Cox analyses of PFS and OS in training and validation cohorts
Characteristics Training cohort Validation cohort
HR (95% ClI) P value HR (95% Cl) P value
PFS
Gender (Male vs. Female) 0. 644(0 421-0.985) 0.042 017(0.591-1.747) 0.952
Age (<55 vs.>55) 754(1.209-2.543) 0.003 1 595(0 938-2.713) 0.085
Smoke (no vs. yes) 77(0.829-1.672) 0.362 1.003(0.633-1.588) 0.991
Drink (no vs. yes) 0. 883(0 463-1.685) 0.707 0.934(0.465-1.876) 0.848
T stage (T1-T2 vs. T3-T4) 825(1.241-2 683) 0.002 1.432(0.897-2.284) 0.132
N stage (NO-N1T vs. N2-N3) 347(0.945-1.919) 0.099 2.102(1.284-3.440) 0.003
TNM stage (-1l vs. lll-IVa) 3. 355(1 .808-6. 228) <0.001 2456(1.223-4.934) 0.012
EBV DNA (negative vs. positive) 2.966(1.987-4.425) <0.001 2.992(1.758-5.093) <0.001
LA (<80.17 vs.>80.17) 0.495(0.340-0.719) <0.001 0.463(0.287-0.747) 0.002
0s
Gender (Male vs. Female) 0.802(0.440-1.464) 0472 12(0.296-1.716) 0.449
Age (<55 vs.>55) 3595(2 146-6.021) <0.001 2910(1 A465-5.779) 0.002
Smoke (no vs. yes) 206(0.717-2.027) 0481 1.366(0.704-2.652) 0356
Drink (no vs. yes) 200(0.516-2.795) 0.672 1.688(0.737-3.864) 0216
T stage (T1-T2 vs. T3-T4) 2 007( 15-3.614) 0.020 2.583(1.210-5.512) 0.014
N stage (NO-N1T vs. N2-N3) 313(0.776-2.222) 0311 1.655(0.823-3.326) 0.157
TNM stage (-1l vs. lll-IVa) 8462(2 065-34.683) 0.003 5.283(1.268-22.022) 0.022
EBV DNA (negative vs. positive) 2.358(1.326-4.194) 0.004 2.914(1.324-6.416) 0.008
LA (<80.17 vs.>80.17) 0.324(0.175-0.601) <0.001 0.219(0.096-0.502) <0.001

Abbreviations: TTumor, N Node, TNM Tumor node metastasis, EBY DNA Epstein-Barr virus DNA, HR Hazard ratio, C/ Confidence interval, LA Lymphocyte x albumin, PFS

Progression-free survival, OS Overall survival

Table 4 Multivariate Cox analyses of PFS and OS in training and validation cohorts

Characteristics

Training cohort

Validation cohort

HR (95% ClI) Pvalue HR (95% Cl) P value

PFS

Gender (Male vs. Female) 0.704(0.458-1.082) 0.110 - -

Age (<55 vs.>55) 1.424(0.973-2.084) 0.069 - -

T stage (T1-T2 vs. T3-T4) 0.962(0.615-1.506) 0.866 - -

N stage (NO-N1 vs. N2-N3) - - 1.310(0.720-2.385) 0.376

TNM stage (-1l vs. ll-IVa) 2.680(1.314-5.466) 0.007 1.536(0.664-3.555) 0316

EBV DNA (negative vs. positive) 2.625(1.737-3.966) <0.001 3.237(1.870-5.604) <0.001

LA (<80.17 vs.>80.17) 0.463(0.318-0.675) <0.001 0.392(0.241-0.637) <0.001
oS

Age (<55 vs.>55) 63(1.860-5.380) <0.001 2.488(1.244-4.974) 0.010

T stage (T1-T2 vs.T3-T4) 0. 788( -1.481) 0459 1.815(0.783-4.206) 0.165

TNM stage (-1l vs. lll-IVa) 7. 890(1 770-35.170) 0.007 2.698(0.558-13.035) 0.217

EBV DNA (negative vs. positive) 950(1.083-3.510) 0.026 3.703(1.659-8.263) 0.001

LA (<80.17 vs.>80.17) 0. 340(0 182-0.633) 0.001 0.206(0.089-0.479) <0.001

Abbreviations: T Tumor, N Node, TNM Tumor node metastasis, EBY DNA Epstein-Barr virus DNA, HR Hazard ratio, C/ Confidence interval, LA Lymphocyte x albumin, PFS
Progression-free survival, OS Overall survival

EBV DNA) were integrated into the PFS nomogram LA, and EBV DNA (Fig. 4b). Each variable was assigned
(Fig. 4a), while the OS nomogram was constructed using a point within the nomograms. By calculating these
the four independent prognostic factors: age, TNM stage, total points and placing them on the score scale we can
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Validation cohort
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Fig. 3 Kaplan-Meier survival curves of PFS and OS based on different groups between LA combined with EBV DNA in the training and validation
cohorts. a Survival curves for PFS in the training cohort; b Survival curves for PFS in the validation cohort; ¢ Survival curves for OS in the training
cohort; d Survival curves for OS in the validation cohort. Worse prognosis was observed in patients with Group 4 (patients with low LA and positive

EBV DNA)

estimate the individual probabilities of 3- and 5-year PFS
or OS.

The calibration plots showed great consistency
between actual observation and the nomogram predic-
tion of 3-year and 5- year PFS and OS (See in Supple-
mentary Figure 4, Additional File 6 and Fig. 5), whether
in the training cohort or in the validation cohort. The
nomogram for predicting PFS had a C-index of 0.69
(95% CI: 0.65-0.73) in the training cohort and 0.70 (95%
CI.0.65-0.75) in the validation cohort (Table 5). For the
OS nomogram, the values were 0.77 (95% CI: 0.71-0.82)
and 0.77 (95% CI:0.70-0.85), respectively. The C-index
was higher than those of TNM stage (PFS: 0.58; OS: 0.60),
EBV DNA (PES: 0.63; OS: 0.60), and LA (PES: 0.59; OS:
0.62). Both PFS and OS nomograms showed satisfactory
model performance. Furthermore, DCA curve analyses
demonstrated that the nomograms based on LA and EBV

DNA achieved higher net clinical benefits in predicting
PFS and OS (Fig. 6).

Discussion

Owing to tumor heterogeneity, personalized treatment
has become an important developing strategy for cancer
treatment. Precise prognosis estimation helps clinicians
tailor treatment options to improve survival outcomes.
Hence, further refined risk stratification of patients with
cancer is indispensable for individual treatment. Our
study confirmed that LA was a strong independent fac-
tor for predicting clinical outcomes. The combination
of LA and EBV DNA provided more detailed informa-
tion for patient stratification. Moreover, we constructed
comprehensive prognostic nomograms incorporating LA
and EBV DNA for PFS and OS prediction. The C-index,
calibration curve, and DCA curve demonstrated that this
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model achieved excellent predictive efficiency and clini-
cal benefits.

To the best of our knowledge, this is the first study to
focus on the value of LA in NPC. We noticed that a low
LA was obviously related to poorer 5-year PFS and OS
in both the training and validation cohorts. This sug-
gests that patients with low lymphocyte and low albumin
levels had worse survival outcomes, which is consistent
with previous studies [16, 31-33]. Multivariate analy-
sis also showed that low LA levels were an independent
risk factor for NPC. Although the underlying mechanism
between LA and poor cancer prognosis is unclear, a pos-
sible explanation can be proposed.

The interactions between immune environment and
cancer cells are dynamic and complex, and the immune
biomarkers can reveal the prognosis of cancer patients
[7]. Lymphocytes are one of the critical cells in the
immune response. When tumor growth, its tumor anti-
gens can be recognized by lymphocytes, then the secre-
tion of cytokines activate different kinds of immune cells
to exhibit cancer inhibitory effects such as CD4+and
CD8+T cells, B cells and so on [34-37]. In this regard,
a low peripheral lymphocyte level may reflect a poor
lymphocyte-mediated antitumor immune reaction and
worse immune surveillance, indicate a poor prognosis.
Previous study also showed that circulating lymphocytes
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can improve cancer patient prognosis by enhancing can-
cer immune regulation and inhibiting cancer cell prolif-
eration [38].

Moreover, proinflammatory cytokines can not only
promote tumor invasion but also inhibit the synthesis
of albumin and lead to its leakage by increasing micro-
vascular permeability [10, 39, 40]. Thus, as the disease
progresses, albumin levels decrease significantly and
lead to malnutrition. Since the key roles of nutrition in
determining the fate and functions of immune cells, poor

nutritional status could induce an impaired immune
response, which promotes cancer progression and causes
a worse survival outcomes [41]. Given these findings, a
low LA level, multiplied by a low lymphocyte count and
low albumin level, might reflect the status of tumor pro-
gression, poor immune response and malnutrition at the
same time, with a higher predictive accuracy. Therefore,
patients with low LA require more aggressive treatment
regimens.
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Table 5 Comparison of the C-index of different models

Variables Training cohort Validation cohort
C-index 95% Cl C-index 95% Cl

PFS
Nomogram 0.69 0.65-0.73 0.70 0.65-0.75
TNM stage 0.58 0.55-061 0.57 0.53-061
TNM stage +LA 0.64 0.60-0.68 0.62 0.56-0.68
TNM stage + EBV 0.65 0.62-0.69 0.65 0.60-0.71
LA+EBV 0.67 0.63-0.72 0.68 0.63-0.74
LA 0.59 0.54-0.63 0.59 0.53-0.65
EBV DNA 0.63 0.59-0.66 0.63 0.58-0.68

oS
Nomogram 0.77 0.71-0.82 0.77 0.70-0.85
TNM stage 0.60 0.57-0.63 0.59 0.55-0.64
TNM stage+ LA 0.69 0.64-0.74 0.69 0.62-0.77
TNM stage+EBV ~ 0.66 0.61-0.72 0.67 0.60-0.74
LA+EBV 0.68 062-074 073 0.65-0.81
LA 0.62 0.57-0.68 0.66 0.59-0.73
EBV DNA 0.60 0.54-0.66 0.62 0.55-0.69

Abbreviations: C-index Concordance index, C/ Confidence interval, TNM Tumor
node metastasis, LA Lymphocyte x albumin, EBV DNA Epstein-Barr virus DNA, PFS
Progression-free survival, OS Overall survival
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Unlike LA, EBV DNA has been recognized as an
important indicator of the prognosis of NPC. Stud-
ies indicated that EBV DNA was originated from NPC
tumor cells, is a fragment of tumor cells necrosis and
lysis, and its plasma load can reflect tumor load [42—
44]. Similar to our results, the subgroups analyses of
TNM stage revealed that positive EBV DNA was obvi-
ously with worse PES and OS in the III-IVa TNM stage
patients. To strengthen the predictive value, Xiong [29]
et al. combined systemic immune-inflammation index
(SII) and EBV DNA. The study revealed that patients
with a high SII and positive EBV DNA had a higher
risk of death and disease progression. These results are
in line with our research. We combined EBV DNA and
LA, and found that the C-index of EBV DNA in com-
bination with LA for PFS and OS was 0.67 and 0.68,
respectively, which was higher than that of EBV DNA
(PES: 0.63, OS: 0.60), and even higher than the lactate
dehydrogenase/ albumin ratio (LAR) in the research by
Zhu et al. [30] and SII in the study by Xiong et al. [29].
Moreover, Kaplan—Meier curves showed that com-
pared with patients with high LA and negative EBV
DNA, patients with low LA and positive EBV DNA
were associated with a higher risk of tumor progression.
This suggests that EBV DNA combined with LA has a
superior prognostic value than EBV DNA alone. This
integrated biomarker indeed improves the accuracy of
outcome prediction. The above results strongly indicate

Five-year OS
b y

0.15

~—= Nomogram
TNM

0.10

Net Benefit
0.05

0.00

-0.05

0.0 0.2 0.4 0.6 0.8 1.0
Risk Threshold

Fig. 6 The decision curve analysis for predicting the 5-year PFS (a) and OS (b). The x-axis was determined by the threshold probability. The

y-axis was a net benefit, which was the relative benefit derived from the proportion of true-positive results subtracted from the proportion

of false-positive results weighted by a ratio of threshold probabilities. Under the same probability, the clinical usefulness was better when the net
benefit was higher. The blue line represents the clinical net benefit of TNM, and the red line represents the clinical net benefit of our nomogram.

Our nomogram had more clinical net benefit than TNM stage
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that EBV DNA combined with LA is more effective for
further risk stratification in NPC patients. They should
be given much more attention, and more chemother-
apy cycle, nutrition improvement, targeted therapy,
and even immunotherapy need to be considered early
to improve the clinical outcomes. Then, we developed
nomograms based on LA and EBV DNA and other clin-
ical characteristics.

Recently, nomograms, with their simple, intuitive,
and individual characteristics, have been widely used
in cancer prognosis prediction. In studies conducted by
Tang et al. [45] and Zhang et al. [46], nomograms were
a convenient and reliable tool to estimate the survival of
NPC patients, and they provided excellent discrimination
capacity compared to the current TNM staging system.
Consistent with our results, we found that the C-indexes
(PFS: 0.69, OS: 0.77) of the nomograms outperformed the
TNM staging system (PFS: 0.58, OS: 0.6), which meant
that the nomograms were superior in risk stratification.
Furthermore, the DCA analysis results further supported
that it was significantly better than the TNM staging
system in clinical application. Through nomograms, cli-
nicians could more accurately and efficiently identify
patients with a high risk of poor clinical outcomes and
make the personalized treatment plans. For high-risk
patients, more aggressive therapy may be considered to
improve their survival.

However, there are some limitations to our study. First,
this was a retrospective study. Although we conducted an
internal validation to make the results more convincing,
it is still far from practical clinical application. Second,
in addition to LA, many other indicators such as LDH,
CAR, SII and SIRI were reportedly associated with the
prognosis of NPC patients. On account of the limited
sample size, these relations have not been fully explored.
Third, it was a single-center study with the absence of
external validation. Hence, a large-scale and multi-center
prospective study is required to further validate the value
of LA.

Conclusions

In conclusion, our study reported that LA was a simple
and easily available biomarker, and when combined with
EBV DNA, it was a stronger predictor of PFS and OS
in NPC. The nomogram based on LA and EBV DNA is
more effective and precise in predicting individual sur-
vival outcomes for NPC patients. It can serve as a good
supplement to the TNM staging system to improve the
identification of high risk of disease progression in NPC
patients and guide more aggressive treatments for these
patients to prolong their survival.
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IFN-y Interferon-gamma

LA Lymphocytes x Albumin

LAR Lactate dehydrogenase/ Albumin Ratio
LDH Lactate Dehydrogenase

MRI Magnetic Resonance Imaging

NPC Nasopharyngeal Carcinoma

NCCN National Comprehensive Cancer Network
(o) Overall Survival

PET-CT  Positron Emission Tomography-Computed Tomography
PFS Progression-free Survival

ROC Receiver Operating Characteristic

SH Systemic Immune-inflammation Index
SIRI Systemic Inflammation Response Index
TILs Tumor-Infiltrating Lymphocytes

TNM Tumor Node Metastasis

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-11691-8.

Additional file 1: Supplementary file 1. The method of EBV DNA
detection.

Additional file 2: Supplementary file 2. The detailed protocols for
radiotherapy and chemotherapy.

Additional file 3: Supplementary Figure 1. Kaplan-Meier survival
curves of PFS and OS in the validation cohort.

Additional file 4: Supplementary Figure 2. Kaplan-Meier survival
curves of PFS and OS in the subgroup analyses of TNM stage in the train-
ing cohort.

Additional file 5: Supplementary Figure 3. Kaplan—Meier survival
curves of PFS and OS in the subgroup analyses of TNM stage in the valida-
tion cohort.

Additional file 6: Supplementary Figure 4. The calibration curves for
predicting the 3-year PFS and OS.

Acknowledgements

The authors thank all the staff in the Department of Otorhinolaryngology
Head and Neck Surgery of NanFang Hospital for their support during the
study.

Authors’ contributions

Study concepts: Fan Wang. Study design: Xiong Liu, Jiajie Tan. Data acquisition:
Xaofei Yuan, Huiru Feng, Linchong Cui, Danfan Lin, Zilu Chen, Yanfei Li. Quality
control of data and algorithms: Linchong Cui, Wenxuan Lu, Yanfei Li. Data
analysis and interpretation: Shuting Wu, Xiaofei Yuan, Haoran Huang, Danfan
Lin. Statistical analysis: Shuting Wu, Xiaofei Yuan, Haoran Huang. Manuscript
preparation: Shuting Wu. Manuscript editing: Shuting Wu, Xiong Liu, Jiajie

Tan. Manuscript review: Fan Wang. All authors read and approved the final
manuscript.


https://doi.org/10.1186/s12885-023-11691-8
https://doi.org/10.1186/s12885-023-11691-8

Wu etal. BMC Cancer ~ (2023) 23:1217

Funding

This work was supported by the National Natural Science Foundation of China
[grant number 81902774]; the Natural Science Foundation of Guangdong
Province [grant number 2020A1515010176]; the Guangdong Basic and
Applied basic Research Foundation [grant number 2020A1515110638]; the
Basic and Applied Basic Research Foundation of Guangzhou, Guangdong,
China [grant number 2023A04J2366]; and the Basic and Applied Basic research
Foundation of Guangzhou [grant number SL2022A04J02047].

Availability of data and materials
The data used to support the findings of this study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

This retrospective study was approved by the Ethics Committee of Nanfang
Hospital of Southern Medical University (Ethical review approval no.: NFEC-
2017-165). However, a few patients we followed up came from different
provinces in China, were faraway or had died, which made it impossible to
obtain the relevant consent from these patients. We consulted the eth-

ics committee of our hospital, they agreed us to query relevant data in the
case system to conduct a retrospective study. Ethics Committee of Nanfang
Hospital of Southern Medical University waived the need of informed consent
to participate. Because there was no privacy and tissue samples or blood
samples in this study. All methods were performed in accordance with the
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Otolaryngology-Head and Neck Surgery, Nanfang Hospital,
Southern Medical University, Jingxi Street, Baiyun District, Guangzhou 510515,
PR. China.

Received: 11 June 2023 Accepted: 28 November 2023
Published online: 09 December 2023

References

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

2. MaoY,Tang L, ChenL, SunY, Qi Z, Zhou G, et al. Prognostic factors and
failure patterns in non-metastatic nasopharyngeal carcinoma after
intensity-modulated radiotherapy. Chin J Cancer. 2016;35:103.

3. Blanchard P, Lee A, Marguet S, Leclercq J, Ng WT, Ma J, et al. Chemo-
therapy and radiotherapy in nasopharyngeal carcinoma: an update of the
MAC-NPC meta-analysis. Lancet Oncol. 2015;16:645-55.

4. Ribassin-Majed L, Marguet S, Lee AWM, Ng WT, Ma J, Chan ATC, et al.
What is the best treatment of locally advanced nasopharyngeal carci-
noma? An individual patient data network meta-analysis. J Clin Oncol.
2017;35:498-505.

5. Dunn GP Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer immunoediting:
from immunosurveillance to tumor escape. Nat Immunol. 2002;3:991-8.

6. Fridman WH, Zitvogel L, Sautés Fridman C, Kroemer G. The immune
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol.
2017,14:717-34.

7. Bruni D, Angell HK, Galon J. The immune contexture and immunoscore in
cancer prognosis and therapeutic efficacy. Nat Rev Cancer. 2020,20:662-80.

8. MeiZ Shil, Wang B, Yang J, Xiao Z, Du P, et al. Prognostic role of pretreat-
ment blood neutrophil-to-lymphocyte ratio in advanced cancer survi-
vors: a systematic review and meta-analysis of 66 cohort studies. Cancer
Treat Rev. 2017,58:1-13.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 12 of 13

Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, Iwatsuki M, et al. Prog-
nostic nutritional index, tumor-infiltrating lymphocytes, and prognosis in
patients with esophageal cancer. Ann Surg. 2020;271:693-700.

. Gupta D, Lis CG. Pretreatment serum albumin as a predictor of cancer

survival: a systematic review of the epidemiological literature. Nutr J.
2010;9:69.

. Zitvogel L, Pietrocola F, Kroemer G. Nutrition, inflammation and cancer.

Nat Immunol. 2017;18:843-50.

. CaiW, Zhang J, ChenY, Kong W, Huang Y, Huang J, et al. Association of

post-treatment hypoalbuminemia and survival in Chinese patients with

metastatic renal cell carcinoma. Chin J Cancer. 2017;36:47.

Onate-Ocana LF, Aiello-Crocifoglio V, Gallardo-Rincén D, Herrera-Goepfert R,
Brom-Valladares R, Carrillo JF, et al. Serum albumin as a significant prognostic
factor for patients with gastric carcinoma. Ann Surg Oncol. 2007;14:381-9.

. Zeng X, Liu G, Pan'Y, Li'Y. Prognostic value of clinical biochemistry-based

indexes in nasopharyngeal carcinoma. Front Oncol. 2020;10:146.

. Liu X, Meng QH, Ye Y, Hildebrandt MAT, Gu J, Wu X. Prognostic sig-

nificance of pretreatment serum levels of albumin, LDH and total
bilirubin in patients with non-metastatic breast cancer. Carcinogenesis.
2015;36:243-8.

. LiG,Gao J, Liu ZG, Tao YL, Xu BQ, Tu ZW, et al. Influence of pretreatment

ideal body weight percentile and albumin on prognosis of nasopharyn-
geal carcinoma: long-term outcomes of 512 patients from a single
institution. Head Neck. 2014;36:660-6.

. Wang H, Chen S, Shu X, Liu Z, Liu P, Zhu Y, et al. The value of serum tumor

markers and blood inflammation markers in differentiating pancreatic
serous cystic neoplasms and pancreatic mucinous cystic neoplasms.
Front Oncol. 2022;12:831355.

. Yamamoto T, Kawada K, Hida K, Matsusue R, Itatani Y, Mizuno R, et al.

Combination of lymphocyte count and albumin concentration as a new
prognostic biomarker for rectal cancer. Sci Rep. 2021;11:5027.

. Chen YP, Chan A, Le QT, Blanchard P, Sun'Y, Ma J. Nasopharyngeal carci-

noma. Lancet. 2019;394:64-80.

Lin J, Wang W, Chen KY, Wei Y, Liang W, Jan J, et al. Quantification of
plasma Epstein-Barr virus DNA in patients with advanced nasopharyn-
geal carcinoma. N Engl J Med. 2004,350:2461-70.

Chan K, Woo J, King A, Zee B, Lam W, Chan SL, et al. Analysis of plasma
Epstein-Barr virus DNA to screen for nasopharyngeal cancer. N Engl J
Med. 2017;377:513-22.

Hui EP, Li WF, Ma BB, Lam WKJ, Chan KCA, Mo F, et al. Integrating
postradiotherapy plasma Epstein-Barr virus DNA and TNM stage for risk
stratification of nasopharyngeal carcinoma to adjuvant therapy. Ann
Oncol. 2020;31:769-79.

JiM, Huang Q,Yu X, Liu Z, Li X, Zhang L, et al. Evaluation of plasma Epstein-
Barr virus DNA load to distinguish nasopharyngeal carcinoma patients from
healthy high-risk populations in Southern China. Cancer. 2014;120:1353-60.
Yuan X, Yang H, Zeng F, Zhou S, Wu S, Yuan Y, et al. Prognostic value of
systemic inflammation response index in nasopharyngeal carcinoma
with negative Epstein-Barr virus DNA. BMC Cancer. 2022;22:858.

Jin' YN, Liu BQ, Peng KW, Ou XQ, Zeng WS, Zhang WJ, et al. The prognostic
value of adding systemic inflammation response index to Epstein-Barr
virus DNA in childhood nasopharyngeal carcinoma: a real-world study.
Head Neck. 2022;44:1404-13.

Huang Z, Wen W, Hua X, Song C, Bi X, Huang J, et al. Establishment

and validation of nomogram based on combination of pretreatment
C-reactive protein/albumin ratio-EBV DNA grade in nasopharyngeal
carcinoma patients who received concurrent chemoradiotherapy. Front
Oncol. 2021;11:583283.

Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncol-
ogy: more than meets the eye. Lancet Oncol. 2015;16:2173-80.

Wang S, Yang L, Ci B, Maclean M, Gerber DE, Xiao G, et al. Development
and validation of a nomogram prognostic model for SCLC patients. J
Thorac Oncol. 2018;13:1338-48.

Xiong Y, Shi L, Zhu L, Ding Q, Ba L, Peng G. Prognostic efficacy of the
combination of the pretreatment systemic Immune-Inflammation Index
and Epstein-Barr virus DNA status in locally advanced nasopharyngeal
carcinoma patients. J Cancer. 2021;12:2275-84.

Peng RR, Liang ZG, Chen KH, Li L, Qu S, Zhu XD. Nomogram based on lac-
tate dehydrogenase-to-albumin ratio (LAR) and platelet-to-lymphocyte
ratio (PLR) for predicting survival in nasopharyngeal carcinoma. J Inflamm
Res. 2021;14:4019-33.



Wu et al. BMC Cancer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2023) 23:1217

Cézé N, Thibault G, Goujon G, Viguier J, Watier H, Dorval E, et al. Pre-
treatment lymphopenia as a prognostic biomarker in colorectal cancer
patients receiving chemotherapy. Cancer Chemother Pharmacol.
2011,68:1305-13.

De Giorgi U, Mego M, Scarpi E, Giuliano M, Giordano A, Reuben JM, et al.
Relationship between lymphocytopenia and circulating tumor cells as
prognostic factors for overall survival in metastatic breast cancer. Clin
Breast Cancer. 2012;12:264-9.

Suzuki R, Wei X, Allen PK, Cox JD, Komaki R, Lin SH. Prognostic Signifi-
cance of total lymphocyte count, neutrophil-to-lymphocyte ratio, and
platelet-to-lymphocyte ratio in limited-stage small-cell lung cancer. Clin
Lung Cancer. 2019;20:117-23.

Zhao W, Wang P, Jia H, Chen M, Gu X, Liu M, et al. Lymphocyte count or
percentage: which can better predict the prognosis of advanced cancer
patients following palliative care? BMC Cancer. 2017;17:514.

Ruiz-Ranz M, Lequerica-Fernandez P, Rodriguez-Santamarta T, Suérez-
Sanchez FJ, Lépez-Pintor RM, Garcia-Pedrero JM, et al. Prognostic implica-
tions of preoperative systemic inflammatory markers in oral squamous
cell carcinoma, and correlations with the local immune tumor microenvi-
ronment. Front Immunol. 2022;13:941351.

Minami T, Minami T, Shimizu N, Yamamoto Y, De Velasco M, Nozawa M,

et al. Identification of programmed death ligand 1-derived peptides
capable of inducing cancer-reactive cytotoxic T lymphocytes from HLA-
A24+ patients with renal cell carcinoma. J Immunother. 2015;38:285-91.
Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in

cancer: from tumor initiation to metastatic progression. Genes Dev.
2018;32:1267-84.

Matiello J, Dal Pra A, Zardo L, Silva R, Berton DC. Impacts of post-radio-
therapy lymphocyte count on progression-free and overall survival in
patients with stage Ill lung cancer. Thorac Cancer. 2020;11:3139-44.
Chojkier M. Inhibition of albumin synthesis in chronic diseases: molecular
mechanisms. J Clin Gastroenterol. 2005;39:5143-6.

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

Kedia-Mehta N, Finlay DK. Competition for nutrients and its role in con-
trolling immune responses. Nat Commun. 2019;10:2123.

Peng L, Yang Y, Guo R, Mao YP, Xu C, Chen YP, et al. Relationship between
pretreatment concentration of plasma Epstein-Barr virus DNA and tumor
burden in nasopharyngeal carcinoma: An updated interpretation. Cancer
Med. 2018;7:5988-98.

Ma BBY, Mo FKF, Chan ATC, Hui EP, Leung SF, Lo YMD, et al. The prog-
nostic significance of tumor vascular invasion and its association with
plasma Epstein-Barr virus DNA, tumor volume and metabolic activity

in locoregionally advanced nasopharyngeal carcinoma. Oral Oncol.
2008;44:1067-72.

Lin JC, Chen KY, Wang WY, Jan JS, Liang WM, Tsai CS, et al. Detection of
Epstein-Barr virus DNA in the peripheral-blood cells of patients with
nasopharyngeal carcinoma: relationship to distant metastasis and sur-
vival. J Clin Oncol. 2001;19:2607-15.

Tang L, Li C, LiJ, Chen W, Chen Q, Yuan L, et al. Establishment and valida-
tion of prognostic nomograms for endemic nasopharyngeal carcinoma. J
Natl Cancer Inst. 2015;108:djv291.

Zhang L, Xu F, Song D, Huang M, Huang Y, Deng Q, et al. Development
of a nomogram model for treatment of nonmetastatic nasopharyngeal
carcinoma. JAMA Netw Open. 2020;3:22029882.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Nomogram incorporating Epstein-Barr virus DNA and a novel immune-nutritional marker for survival prediction in nasopharyngeal carcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Data collection
	Treatment
	Follow-up and endpoint
	Statistical analysis

	Results
	Baseline characteristics in the training and validation cohorts
	The optimal cutoff of LA and EBV DNA
	Patient characteristics according to LA in the two cohorts
	Survival curves of LA and EBV DNA
	Univariate and multivariate analyses
	Prognostic value of EBV DNA combined with LA
	Nomograms establishment and validation

	Discussion
	Conclusions
	Anchor 24
	Acknowledgements
	References


