
Development of a Prognostic Model to Identify the Suitable 
Definitive Radiation Therapy Candidates in de Novo Metastatic 
Nasopharyngeal Carcinoma: A Real-World Study

Wang-Zhong Li, MD*,†, Shu-Hui Lv, MD*,†, Guo-Ying Liu, MD*,†, Hu Liang, PhD*,†, Xiang 
Guo, PhD*,†, Xing Lv, PhD*,†, Kui-Yuan Liu, MD*,†, Meng-Yun Qiang, MD*,†, Xi Chen, MD*,†, 
Sophie Z. Gu, MD‡, Chang-Qing Xie, PhD§, Wei-Xiong Xia, PhD*,†, Yan-Qun Xiang, PhD*,†

*State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer 
Medicine, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy, 
Sun Yat-Sen University Cancer Center, Guangzhou, China

†Department of Nasopharyngeal Carcinoma, Sun Yat-Sen University Cancer Center, Guangzhou, 
China

‡Johns Hopkins University School of Medicine, Baltimore, Maryland

§Thoracic and GI Malignancies Branch, Center for Cancer Research, National Cancer Institute, 
National Institute of Health, Bethesda, Maryland

Abstract

Purpose: We aimed to develop an accurate prognostic model to identify suitable candidates for 

definitive radiation therapy (DRT) in addition to palliative chemotherapy (PCT) among patients 

with de novo metastatic nasopharyngeal carcinoma (mNPC).

Methods and Materials: Patients with de novo mNPC who received first-line PCT with 

or without DRT were included. Overall survival for patients who received PCT alone versus 

PCT plus DRT was estimated using inverse probability of treatment weighting–adjusted survival 

analyses. We developed and validated a prognostic model to predict survival and stratify risks 

in de novo mNPC. A model-based trees approach was applied to estimate stratified treatment 

effects using prognostic scores obtained from the prognostic model and to identify suitable DRT 

candidates. Dominance analysis was used to determine the relative importance of each predictor of 

receiving DRT.

Results: A total of 460 patients were enrolled; 244 received PCT plus DRT and 216 

received PCT alone. The 6-month conditional landmark, inverse probability of treatment 

weighting–adjusted Cox regression analysis showed that PCT plus DRT was associated with 
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a significant survival benefit (hazard ratio: 0.516; 95% confidence interval, 0.403–0.660; P 
< .001). A prognostic model based on 5 independent prognostic factors, including serum 

lactate dehydrogenase, number of metastatic sites, presence of liver metastasis, posttreatment 

Epstein–Barr virus DNA level, and response of metastases to chemotherapy was developed 

and subsequently validated. Prognostic scores obtained from the prognostic model were used 

for risk stratification and efficacy estimation. High-risk patients identified using the proposed 

model would not benefit from additional DRT, whereas low-risk patients experienced significant 

survival benefits. Socioeconomic factors, including insurance status and education level, played an 

important role in receipt of DRT.

Conclusions: Additional DRT after PCT was associated with increased overall survival in 

patients with de novo mNPC, especially low-risk patients identified with a newly developed 

prognostic model.

Introduction

Nearly 130,000 new cases of nasopharyngeal carcinoma (NPC) were diagnosed globally 

in 2018, and approximately 4% to 10% of these cases were de novo metastatic 

nasopharyngeal carcinomas (mNPCs).1–4 In recent years, there has been increasing interest 

in definitive radiation therapy (DRT) as a treatment option for patients with de novo 

mNPC. Growing evidence suggests that a combination of aggressive local treatment and 

systemic chemotherapy may be associated with increased survival or even cure in a subset of 

patients.5–16 National Comprehensive Cancer Network guidelines suggest DRT in a subset 

of patients with a low burden of distant metastases.17

Numerous studies have suggested a role for DRT in treating de novo mNPC; however, 

its potential benefit remains controversial. This is mainly attributed to the lack of robust 

prospective data examining the benefits of DRT combined with palliative chemotherapy 

(PCT) in comparison to PCT alone. Whether the benefits of DRT outweigh radiation 

therapy–related toxicities has been greatly debated.14–16 Furthermore, previous studies have 

shown heterogeneous survival rates in patients with de novo mNPC who received DRT 

after PCT.8–16 The prognosis of de novo mNPC may improve as a result of additional 

DRT; however, differences in clinical characteristics, access to DRT, and differential effects 

of DRT may result in inequalities in survival outcomes. Furthermore, because of the high 

cost of cancer treatments, socioeconomic disparities have been shown to affect treatment 

selection and survival outcomes for patients with cancer, including NPC.18–21 Therefore, 

there is an unmet need to develop an individualized and comprehensive treatment for 

patients with de novo mNPC.4,7,10

In this study, additional DRT after PCT is assumed to be beneficial in the survival of 

patients with de novo mNPC, but the benefits of DRT are not equally applied to all patients. 

Therefore, if the assumption is confirmed, controlling the underlying selection bias across 

treatment groups is crucial and developing a risk stratification tool to identify patients 

who could benefit more from additional DRT is of great necessity. The present study 

aimed to develop an easy-to-use prognostic model to identify suitable DRT candidates after 

comparing the survival outcomes between patients who received PCT alone versus PCT plus 
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DRT. A useful prognostic model could help refine patient selection for DRT and avoid the 

administration of futile radiation therapy in patients with de novo mNPC.

Methods and Materials

Study population

This study was approved by the Research Ethics Committee of Sun Yat-Sen University 

Cancer Center (SYSUCC). Consecutive patients who received platinum-based first-line 

PCT for de novo mNPC at (SYSUCC) between January 2008 and December 2015 were 

screened. Patients who met the following inclusion criteria were enrolled: (1) untreated 

NPC with metastatic disease at initial diagnosis; (2) available TNM classifications; (3) no 

previous or synchronous malignant tumors; (4) receipt of platinum-contained chemotherapy 

as first-line treatment for a minimum of 2 cycles with or without DRT; (5) measurable 

metastatic lesions; and (6) available baseline or postchemotherapy radiologic evaluation 

data. The authenticity of this article has been validated by uploading the key raw data onto 

the Research Data Deposit public platform (www.researchdata.org.cn) with approval RDD 

number RDDA2020001582.

Baseline evaluation and treatment

The routine pretreatment evaluation included detailed medical history, physical 

examinations, hematologic and serum biochemical profiles, plasma Epstein–Barr virus 

(EBV) DNA detection, nasopharynx pathology, abdominal ultrasonography, chest 

radiography, whole-body bone scan, and magnetic resonance imaging (MRI) of the 

nasopharynx and neck. All patients received platinum-based first-line therapy. The PCT 

regimens used in this study included 5-fluorouracil and platinum; taxane and platinum 

and gemcitabine and platinum; and taxane, platinum, and 5-fluorouracil. A total of 244 

patients underwent DRT after PCT. The radiation therapy techniques used in this study 

have been reported in previous studies.22,23 The details of treatment-related information are 

summarized in Table E1.

Follow-up and outcome

During the course of first-line PCT, radiologic evaluation, including computed tomography 

(CT), MRI, or positron emission tomography CT, was selectively performed to evaluate 

tumor response after every 2 cycles of chemotherapy. Tumor responses to therapy 

were evaluated by 2 independent investigators and classified using the revised Response 

Evaluation Criteria in Solid Tumors (rRECIST, version 1.1).24 The primary endpoint of the 

current study was overall survival (OS). OS was measured from the initiation of treatment to 

death from any cause. Patients were followed up at least once every 3 months after treatment 

completion. Patients lost to follow-up at the time of the last contact were censored.

Sample size and study variables

No prior sample size computation was performed due to limited evidence in building a risk 

stratification model to identify the best DRT candidates. However, total death events in this 

study reached 295. A ratio of 10 events per variable was exceeded, indicating sufficient 

power of estimation.25 Comorbidity was measured as the presence of ≥1 additional medical 
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condition concomitant or concurrent with de novo mNPC, such as cerebrovascular disease, 

cardiovascular disease, chronic lung disease, chronic liver disease, chronic kidney disease, 

and diabetes. Plasma EBV DNA titers were measured using a quantitative polymerase 

chain reaction at baseline, every 2 cycles during first-line PCT, after first-line PCT, and 

every 3 months after completion of treatment. In the current study, both EBV DNA at 

baseline and after the first-line PCT in the 2 treatment arms were included in the analyses. 

The variables with missing data were C-reactive protein and pre- and posttreatment EBV 

DNA. Patients with missing data were excluded from univariate analyses. However, if a 

variable with missing data was identified as a significant risk factor in univariate analysis, 

multiple imputations of the missing value were performed using a multivariable imputation 

by chained equations algorithm aiming to evaluate the variable in the final Cox multivariable 

model.26

Statistical analysis

Statistical comparisons between groups were performed using χ2, continuity corrected χ2, 

or Fisher’s exact test, where appropriate. To account for the effect of selection bias in 

treatments, the observed differences in baseline characteristics between the PCT alone and 

PCT plus DRT groups were controlled using the inverse probability of treatment weighting 

(IPTW) approach.27 The propensity to receive DRT was calculated using a logistic 

regression model based on demographic features, clinical characteristics, and therapeutic 

response to first-line PCT, all of which might be related to treatment decision-making or the 

outcome of interest. The balance of covariates between treatment groups was assessed using 

the standardized mean difference. Kaplan-Meier curves were estimated, with or without 

IPTW adjustment, to compare OS between patients who received PCT alone and PCT plus 

DRT. Given the potential for immortal time bias, OS could artificially favor the PCT plus 

DRT group because these patients had to survive to exceed the initiation of DRT. Therefore, 

a 6-month conditional landmark survival analysis was performed. The corresponding hazard 

ratios (HRs) and 95% confidence intervals (CIs) of DRT were computed using a Cox 

proportional hazards regression model.

To provide clinicians with a quantitative tool to predict prognosis, a possible prognostic 

model was constructed and validated. The prognostic model was developed based on a 

training cohort of 296 patients who received PCT with or without DRT between 2008 

and 2013. Univariate and multivariate Cox proportional hazards regression models were 

applied to the training data set to identify the prognostic factors. Variables with P < .1 in 

univariate analyses were entered into multivariate Cox regression analyses. Multicollinearity 

diagnostics in statistical modeling were conducted by evaluating the correlations, variance 

inflation factors, and eigenvalues. Model selection was based on a step-wise method 

using the Akaike information criterion as a stopping rule. The variables in the final 

model with P < .05 were selected to build the prognostic model, which was graphically 

presented as a nomogram. The discrimination, calibration, and clinical usefulness of the 

prognostic model were evaluated using Harrell’s C-index, calibration plot, and decision 

curve analyses, respectively.28,29 Internal validation of the prognostic model was performed 

using the bootstrap resampling method. An independent validation cohort consisting of 

164 consecutive patients recruited between 2014 and 2015 at the same institution was 
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subsequently applied to validate the prognostic model. A prognostic score for each patient 

was computed based on the nomogram. To identify suitable DRT candidates, model-based 

trees were used to estimate the personalized treatment effect based on prognostic scores.30 

Model-based trees relax the assumption that the treatment effect is the same for all 

individuals and can estimate stratified treatment effects. Model-based trees can compute 

treatment effects for different strata of individuals by controlling the maximum depth of 

the tree. The strata are identified using a data-driven fashion and rely on features of the 

individuals.

Finally, to determine the factors involved in patients receiving and not receiving DRT, 

univariate and stepwise multivariate binary logistic regressions were performed to identify 

independent predictors. Identical modeling strategies, such as the methods used in the Cox 

regression models, were adapted. Dominance analysis was used to determine the relative 

importance of predictors in the logistic regression model.31

All statistical analyses in this study were performed using R (version 3.6.3). The threshold 

for statistical significance was set as a 2-tailed P < .05.

Results

Participant characteristics

A total of 460 patients with de novo mNPC who were treated with DRT (n = 244) or 

without DRT (n = 216) after first-line PCT between January 2008 and December 2015 

met the eligibility criteria (Fig. 1). The patients included 391 men (85.0%) and 69 women 

(15.0%), with a median age of 46 years (interquartile range, 39–54 years). After a median 

follow-up time of 64.1 months (95% CI, 60.8–72.2 months), the median OS for the 

study population was 33.6 months (95% CI, 27.9–40.0 months). A comparison of patient 

characteristics stratified by treatment modality is presented in Table 1. Patients who received 

PCT alone presented with more unfavorable socioeconomic and clinical factors. After IPTW 

adjustment, an adequate balance was achieved for all variables. All standardized differences 

were <0.1, indicating that the treatment groups were subsequently comparable (Fig. E1).

Efficacy of additional DRT

In the crude Kaplan-Meier curves (Fig. 2A), the median OS in the PCT plus DRT group was 

60.9 months (95% CI, 44.5–83.8 months), which was significantly longer than in the PCT 

group (20.9 months; 95% CI, 17.9–24.6 months; P < .001). IPTW-adjusted Kaplan-Meier 

curves with a 6-month conditional landmark (Fig. 2B) showed that the median OS was 

significantly longer for patients who received PCT plus DRT (60.9 months; 95% CI, 46.5–

86.3 months; P < .001) than for those who received PCT alone (29.7 months; 95% CI, 27.1–

40.2 months). In a 6-month conditional landmark IPTW-adjusted Cox regression analysis, 

PCT followed by DRT was associated with a significant OS benefit (HR: 0.516; 95% CI, 

0.403–0.660; P < .001).
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Development and validation of a possible prognostic model

The comparisons of patient characteristics in training and validation cohorts are shown 

in Table E2. The results of the univariate and multivariate Cox regression models are 

summarized in Table E3 and Table 2, respectively. Eleven variables that had P < .1 

in univariate analyses were entered into a stepwise multivariate Cox regression analysis. 

Multicollinearity diagnostic tests, including pairwise correlations, variance inflation factors 

plot, and eigenvalues plot, indicated that severe multicollinearity issues would not exist 

in the multivariate model (Figs. E2 and E3). Using the retrospective training cohort with 

296 patients treated between January 2008 and December 2013, 5 independent prognostic 

factors, including serum lactate dehydrogenase level, number of metastatic sites, presence of 

liver metastasis, posttreatment EBV DNA level, and response of metastases to chemotherapy 

were identified. Based on these prognostic factors, a prognostic model for the prediction of 

1-, 3-, and 5-year OS was developed and graphically presented as a nomogram (Fig. 3A).

The developed prognostic model showed good discrimination for OS prediction in the 

training cohort, with a C-index of 0.738 (95% CI, 0.702–0.775). Internal validation of 

the prognostic model using 1000 bootstrap resampling analyses provided a bias-corrected 

C-index of 0.730, indicating the robustness of the proposed model. The calibration plots 

at 1-, 3-, and 5-year survival illustrated favorable calibration between the predicted and 

observed OS in the training cohort (Fig. 3B). The decision curve analyses for 1-, 3-, and 

5-year survival prediction of the prognostic model in the training cohort is shown in Figure 

3C. The plot showed that the proposed model conferred more net benefits compared with 

both the treat-all-patients scheme and the treat-none scheme.

The prognostic model was further validated using an independent validation cohort of 164 

patients treated between January 2014 and December 2015. The C-index in the validation 

cohort was 0.746 (95% CI, 0.696–0.795). The calibration curves in the validation cohort 

showed good agreement between the predicted and observed OS (Fig. 3D). The decision 

curve analyses in the validation cohort yielded similar clinical usefulness (Fig. 3E).

Identification of best-fit DRT candidates

The stratified model-based trees (Fig. E4) were used to classify patients into different 

treatment effect subgroups based on the prognostic score derived from the nomogram (Fig. 

3A) by controlling the maximum depth of the tree. In this study, a maximum depth of 3 

was found to be ideal. Patients with a prognostic score of <102 exhibited more survival 

benefit when comparing the 2 treatment modalities. Based on this optimal cutoff value, 

patients were classified as low- or high-risk patients. The 6-month conditional landmark 

Kaplan-Meier curves revealed that low-risk patients receiving DRT after PCT in the training 

cohort had a significant OS benefit (median OS: 87.6 vs 31.0 months; P < .001; Fig. 

4A). However, this benefit disappeared in the high-risk patients (median OS: 17.2 vs 13.3 

months; P = .520; Fig. 4A). Similar results were observed when further validation of the 

stratified treatment effects was performed in an independent validation cohort recruited in 

the following 2 years (Fig. 4B).
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Determinants of receiving DRT after PCT

The results of the multivariate logistic regression analysis determining the administration of 

DRT after PCT are summarized in Table E4. In the entire cohort, insurance status, education, 

Karnofsky performance score, liver metastasis, number of metastatic sites, number of 

metastatic lesions, pretreatment EBV DNA, and response of metastasis were found to be 

significant independent predictors for receiving DRT. In the low-risk cohort, insurance 

status, education level, T category, liver metastasis, and response of metastasis were found 

to be significant independent predictors for receiving DRT. However, in the high-risk cohort, 

only alkaline phosphatase was a significant independent predictor.

Dominance analysis was used to determine the relative importance of each independent 

predictor in the logistic regression model in the low-risk cohort. The results revealed that 

individual insurance status was the most important predictor of receiving DRT (0.059), 

followed by liver metastasis (0.047), response of metastasis (0.034), education level (0.023), 

T category (0.011), and pretreatment EBV DNA (0.010) (Fig. E5).

Discussion

NPC is relatively sensitive to chemoradiation therapy, and platinum-containing regimens 

have been the mainstay of treatment for mNPC, with a response rate of approximately 70% 

to 80%.4,10,32 PCT alone in de novo mNPC has a median OS of 10 to 15 months. However, 

for patients receiving combined therapy, such as DRT and local treatment of metastatic 

lesions, the median survival is significantly improved.5–16 Rusthoven et al reported that the 

addition of DRT after PCT in patients with de novo mNPC was associated with improved 

survival in both univariate analysis (3-year OS: 37% vs 20%; P < .001) and multivariate 

analysis (HR: 0.61; 95% CI, 0.51–0.74; P < .001).14 Retrospective studies conducted in 

endemic regions have reported similar findings.11–13 In the current study, the results were 

consistent with those reported in previous studies. Patients in the PCT plus DRT group were 

associated with a significant OS benefit (HR: 0.516; 95% CI, 0.403–0.660; P < .001) after 

controlling for the observed difference between treatment groups using the IPTW method.

The National Comprehensive Cancer Network guidelines include DRT as a treatment option 

for patients with de novo mNPC; however, there is currently no consensus regarding who 

should receive DRT after first-line PCT. Therefore, the identification of patients with de 

novo mNPC suitable to receive DRT requires urgent research.4 Currently, no prospective 

phase 3 clinical trials have tried to identify ideal DRT candidates. Accurate risk stratification 

and the estimation of treatment effect can be used to identify suitable patient candidates 

for DRT. Furthermore, the use of prognostic models can prevent use of potentially futile 

local aggressive therapy. Prognostic models based on baseline clinical features, therapeutic 

response, and biomarkers have been used to stratify patients with NPC into different 

prognostic subgroups.33–37 This strategy can also be used to tailor therapy for patients and to 

refine future clinical trial designs.

In this study, baseline clinical characteristics, including the number of metastatic sites, 

liver metastasis, and lactate dehydrogenase level, were significantly associated with OS. 

These results were consistent with the results from previous reports examining patients 
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with asynchronous mNPC.4–6,9–14,34,35 Previous studies have also suggested that clearance 

of plasma EBV DNA after PCT and tumor response to therapy have predictive value for 

survival outcomes in patients with metastatic or recurrent NPC.38–40 These findings were 

confirmed in the current study. Plasma EBV DNA level after PCT and the response of 

metastases to therapy were not only associated with survival outcomes but were also shown 

to be among the most important prognostic factors. We developed a prognostic model 

based on these prognostic factors. The proposed model exhibited adequate accuracy with 

individual prediction and could identify suitable DRT candidates. Risk stratification based 

on the prognostic scores showed that the median OS for low-risk patients receiving DRT 

after PCT was significantly longer compared with low-risk patients receiving PCT alone. 

However, this benefit was not observed in high-risk patients. These findings suggest that 

patients with de novo mNPC should be treated based on their risk because high-risk patients 

are likely not to benefit from DRT.

Intervention-generated inequalities are usually described as unintended variations in 

an outcome that results from the organization and delivery of health interventions.41 

Although tumor characteristics represent the dominant factor in treatment decision-making, 

socioeconomic status has also been shown to affect treatment selections in various cancers. 

Patients with low socioeconomic status are more likely to receive treatment that deviates 

from standard care and guideline therapy.18–21 The findings from the current study were 

consistent with those reported in previous studies: Both insurance status and education level 

were critical socioeconomic factors affecting treatment selection.42–45 In our series, we 

observed that uninsured or low-educated patients were less likely to receive DRT, especially 

low-risk patients. The inaccessibility of DRT among these patients might ultimately lead to 

their worse survival outcomes.

This study has some limitations. First, as an observational study in real-world settings, 

potential selection bias is unavoidable. However, this was minimized by recruiting all 

consecutive eligible patients and using a large cohort of patients with de novo NPC with 

a broad spectrum of baseline features adjusted. Second, because patients were enrolled 

from a single institution, no external validation of our proposed model was performed. 

External validation would strengthen our findings and generalize our proposed model into 

clinical practice. Third, information regarding complications during and after DRT was not 

analyzed, warranting further investigation. Fourth, NPC from the endemic region is mainly 

EBV-related and might present different tumor features from those in patients from low-risk 

areas.4 Given these limitations, the application of our proposed model as a stratification tool 

in other study settings needs further validation. Finally, we admit that model-based trees 

only generalize the treatment effect for a subgroup of patients but not individuals; thus, 

they can only be considered a step in the direction toward personalized medicine.46 Future 

studies should make efforts to provide more methods to estimate the individual treatment 

effect, which allows the determination of whether a specific treatment for a new patient is 

appropriate.
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Conclusions

The application of DRT after PCT was found to be associated with prolonged survival in 

patients with de novo mNPC after controlling for potential selection bias. However, the 

survival benefit of DRT could be heterogeneous. A novel prognostic model we established in 

this study was able to stratify patients with de novo mNPC into low- or high-risk groups and 

identify suitable DRT candidates. High-risk patients did not benefit from DRT, but low-risk 

patients experienced significant survival benefits. A prospective clinical trial is expected to 

confirm these results.
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Fig. 1. 
Patient selection diagram. Abbreviations: DRT = definitive radiation therapy; mNPC = 

metastatic nasopharyngeal carcinoma; PCT = palliative chemotherapy.

Li et al. Page 12

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 May 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
(A) Unadjusted and (B) 6-month conditional landmark inverse probability of treatment 

weighting-adjusted Kaplan-Meier analyses of overall survival for patients receiving 

definitive radiation therapy after palliative chemotherapy versus palliative chemotherapy 

alone for patients with de novo metastatic nasopharyngeal carcinoma.
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Fig. 3. 
(A) Nomogram-based prognostic model for the prediction of 1-, 3-, and 5-year overall 

survival. To use the nomogram, draw an upward vertical line from a variable value to the 

points bar to determine points that correspond to that variable value. Then sum up the 

points from each variable value to get the prognostic score. Based on the sum, draw a 

downward vertical line from the total points line to calculate overall survival probability. 

The calibration plots at 1, 3, and 5 years in the (B) training and (D) validation cohorts. The 

decision curve analyses at 1, 3, and 5 years in the (C) training and (E) validation cohorts.
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Fig. 4. 
Six-month conditional landmark Kaplan-Meier analyses of overall survival for low-risk 

(score ≤102) and high-risk (score >102) patients receiving definitive radiation therapy 

after palliative chemotherapy or palliative chemotherapy alone in the (A) training and (B) 

validation cohorts.
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Table 2

Significant prognostic factors for overall survival in the training set

Characteristics HR (95% CI) P-value

Lactate dehydrogenase (U/L) .015

 <245 Reference

 ≥245 1.491 (1.081–2.057)

No. of metastatic sites .050

 Single Reference

 Multiple 1.429 (1.000–2.047)

Liver metastasis <.001

 No Reference

 Yes 2.319 (1.254–4.291)

Posttreatment EBV DNA <.001

 Undetectable Reference

 Detectable 1.923 (1.406–2.630)

Response of metastasis

 Complete response Reference

 Partial response 1.668 (0.839–3.316) .144

 Stable disease 2.813 (1.373–5.762) .005

 Progression disease 6.607 (3.025–14.429) <.001

Abbreviations: CI = confidence interval; EBV = Epstein—Barr virus; HR = hazard ratio.

Variables with a P < .1 in the univariate analyses were entered into a stepwise multivariate Cox regression analysis. Model selection was made 
based on a stepwise method using the Akaike information criterion as a stop rule. The Akaike information criterion of the final model was 1838.2.
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