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Abstract

Objectives: To investigate the prognostic value of residual tumor based on Magnetic resonance imaging(MRI) and establish an
effective prognostic nomogram model referring to clinical,pathological and other related factors for predicting prognosis in naso-
pharyngeal carcinoma. Methods: Overall, 538 patients with non-metastatic, histologically-confirmed nasopharyngeal carcinoma were
retrospectively examined. Data from 397 patients were used for the construction and validation of a nomogram based on the presence
of residual tumor. A concordance index (C-index) was employed to assess the predictive accuracy and discriminative ability of
the nomogram. Results: The 3-year survival rates in the non-residual and residual tumor cohorts were as follows: progression-
free survival, 73.4% vs. 61.0%, P = 0.009; locoregional recurrence-free survival, 81.9% vs. 72.0%, P = 0.02; and distant metastasis-
free survival, 80.7% vs. 73.5%, P = 0.1 . Nine significant factors were included in the nomogram model. The calibration curve for
the probability of progression-free survival showed that the nomogram-based predictive values had good concordance with the
actual observations. Conclusion: The results showed that the patients in the residual tumor cohorts had a worse prognosis.The
proposed nomogram may predict the prognosis and guide clinical decision-making concerning local residual tumors in naso-
pharyngeal carcinoma patients. Patients with a high risk of progression require more timely and aggressive treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) is a highly prevalent neo-
plasm in southern China and southeast Asia, especially in the
Guangdong and Guangxi Provinces, with a high incidence rate
of 50 cases per 100,000 population.' Radiotherapy (RT) is the
mainstay of NPC treatment. Tumor residual often occur after
RT; which, according to some scholars, is related to RT sensi-
tivity. Several studies have reported mechanisms on RT sensi-
tivity or resistance.”> At the same time, several studies have
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shown that tumor residual is related to primary tumor volume,
N stage,Epstein-Barr virus DNA and so on.®”

However, the effect of residual tumor presence after RT on
NPC is controversial.

Moreover, treatment strategy and outcome vary greatly in
patients with residual tumors. According to some investigators,
boost irradiation has a clinical benefit in patients with persistent
tumors after RT.'® The study showed that nasopharyngeal biop-
sies were performed several times after radiotherapy for naso-
pharyngeal carcinoma, and some patients were still positive for
pathological biopsies until 3 months later."! Tumor stem cells
have the characteristics of epithelial-mesenchymal transforma-
tion and can proliferate rapidly, thus increasing the possibility of
tumor recurrence and metastasis.'? Others agree that as long as
the target dose is sufficient, blind administration of additional
RT to the residual tumor is unwise.'* Various changes will occur
in nasopharynx after radiotherapy, such as inflammation,
edema, fibrosis, residue, scar and so on. Under the premise of
sufficient dose in the target area, it may cause excessive treat-
ment and bring more side effects.Therefore, the current study
aimed to investigate the prognostic value of residual tumors and
establish a model that can help clinicians to predict prognosis
and in decision-making regarding residual tumor.

However, no consensus statement exists about the proper
time and modality for evaluating RT response in NPC patients.
He et al."* reported an association between MRI-detected resi-
dual tumors at the end of intensity-modulated RT (IMRT) with
poor prognosis in advanced NPC patients. Kwong et al.'!
showed a significantly poorer local control rate in NPC patients
with persistent residual tumors 12 weeks after RT. Further-
more, Lin et al.'"’> demonstrated that recurrence was strongly
related to residual tumor 3-6 months after RT. Based on these
findings, we chose 0-6 months after RT as the time-point for
the evaluation of response . Additionally, although pathologi-
cal biopsy is well-regarded as the gold standard in diagnosing
residual tumors, some residual tumors may not be located in the
nasopharynx. In 72 patients with recurrence who underwent
MRI, a nasopharyngeal mass was only observed in 50 patients
(69.4%).'® A previous study demonstrated that the overall
accuracy of MRI in the detection of residual and/or recurrent
NPC at the primary site was 92.1%.'” Therefore, MRI was used
as a post-radiation evaluation tool in this study.

Nomograms are graphical depiction scans that employ mul-
tiple predictors to jointly diagnose or predict disease onset or
progression. They have been developed for various types of
cancers.'*2° Nomograms have a stronger predictive prognostic
ability than traditional staging, and are often used as a means of
guiding treatment strategies.'**!

Material and Methods

Patients

This retrospective study was initiated on a primary cohort of
NPC patients between January 2008 and October 2017 at our
center. Patients enrolled in this study are required to meet the

following criteria: (1) histologically confirmed, non-metastatic
NPC patients (World Health Organization type II-IIT) without
previous malignant disease . (2)receiving radical radiothera-
py-(3)MRI examination of nasopharynx and neck in our hospi-
tal before treatment and within 6 months after
radiotherapy.(4)This treatment must be the first course of treat-
ment, and there is no previous history of radiotherapy and
chemotherapy for head and neck tumors.(5)Regular follow-
up after treatment.At the same time, the following situations
also need to be excluded:(1)failure to complete radiotherapy
course due to serious side effects or personal reasons (2)there
are serious underlying diseases, including severe infection,
severe liver and kidney dysfunction,myocardial infarctio, etc.

A total of 538 patients were eligible for this analysis. All
patients were restaged according to the 7th edition of the Inter-
national Union for Cancer Control/American Joint Committee
on Cancer staging system. Concomitantly, due to a lack of data
in some patients, 379 patients were finally enrolled for the
development and validation of a nomogram model for
progression-free survival (PFS) prediction. The data-splitting
method was used to randomly assign 60% of the patients to the
training set (n = 230) for nomogram establishment and 40% to
the internal validation set (n = 149) for nomogram validation
with the aid of the Statistical Package for the Social Sciences
(SPSS, Chicago, IL, USA). Medical Ethics Committee in
Southern Hospital of Southern Medical University approved
the study,and the ethical approval number is NFEC-2020-
020. All patients provided written informed consent prior to
enrollment in the study.

Epstein-Barr Virus DNA

The level of plasma Epstein-Barr virus (EBV) DNA was mea-
sured using quantitative polymerase chain reaction.”**> EBV
DNA lower than 500 copies/mL could not be detected in our
hospital.

MRI

MRI was performed using a 1.5-T unit-GE Optima MR360 (GE
Medical Systems, Milwaukee, WI, USA). The protocol used
included axial and sagittal T1-weighted fluid attenuated inver-
sion recovery (FLAIR) images without fat saturation, axial and
coronal T2-weighted images, and postcontrast axial, coronal,
and sagittal T1-weighted images with fat saturation. The upper
extent covered a 2 cm area above the sella turcica and the lower
extent reached 2 cm below the lower edge of the clavicle. An
intravenous bolus injection of 0.1 mmol/kg of body weight
gadopentetate dimeglumine (Kangchen, Guangzhou, China)
was administered at a rate of 2.5 mL/sec for the contrast-
enhanced series.

Estimation of Residual Tumor

The presence of radiographic residual tumors was confirmed
by the consensus agreement of 2 experienced imaging
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Figure 1. Pre-and post-treatment MRI in patients with residual NPC; red lines represent tumor lesions. (A) MRI showing a local tumor in an
NPC patient before radiotherapy; (B) MRI showing local residual tumor within 6 months after RT completion in the same patient in (A) above;
(C) MRI showing the lymph node of another NPC patient before RT; (D) MRI showing the lymph node residual tumor within 6 months after RT
completion in the same patient as in (C) above. NPC, nasopharyngeal carcinoma; MRI, magnetic resonance imaging; RT, radiotherapy.

specialists and 2 senior radiation oncologists. The diagnostic
criteria for residual tumors on MRI were based on the recom-
mendation of Lv et al.>* and included (1) residual tumors
located in the nasopharynx or other soft tissues presenting as
hypointense signals on T1-weighted imaging and hyperintense
signals on T2-weighted imaging, and which showed enhance-
ment following the administration of gadolinium-
diethylenetriamine pentaacetic acid; (2) cervical lymph nodes
with a short-axis diameter >10 mm and/or retropharyngeal
nodes with a corresponding value >5 mm; and (3) residual
tumors present at the skull base on MRI, as described previ-
ously.?>° Residual tumors were categorized as local or lymph
node residual tumors Figure 1 shows.

Follow-Up

The median follow-up duration of 32.4 (range: 1.9-115)
months was calculated from the first day of RT completion
to the date of last follow-up or the patient’s death. PFS was
defined as the date from RT completion to the date of progres-
sion, including distant metastasis and recurrence, or death from

any cause, whichever occurred first. Locoregional recurrence-
free survival (LRFS) was defined as the date from RT comple-
tion to the date of first locoregional recurrence or death from
any cause, whichever occurred first. Distant metastasis-free
survival (DMFS) was defined as the date from RT completion
to the date of the first distant metastasis or death from any
cause, whichever occurred first.

Statistical Analysis

SPSS version 21.0 was used for the statistical analysis. Actuar-
ial rates were calculated using the Kaplan—-Meier method and
differences were compared using the log-rank test. Multivariate
analysis using the Cox proportional hazards model was used to
test for independent significance factors by forward selection.
GraphPad Prism 6.0 (GraphPad Software Inc., San Diego, CA,
USA) was used for plotting of the survival curves.

The nomogram was developed based on the results of multi-
variable Cox regression analyses in the training set and based
on existing literature. The predictive accuracy of the nomo-
gram was evaluated by the concordance index (C-index) and
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assessed by comparing the nomogram-predicted probabilities
and the observed rates. A higher C-index indicated a greater
degree of accurate prognostic stratification. The nomogram
was formulated with the rms package in R version 3.4.3
(http://www.r-project.org/; The R Foundation, Vienna, Aus-
tria). All statistical tests were 2-sided, and the criterion for
statistical significance was set at o = 0.05.

Results

Clinical Characteristics of the Study Population

Collectively, 175 (32.5%) of the 538 patients had MRI-
detected residual tumors within 6 months after RT, including
104, 28, and 43 with local, lymph node, and concomitant local
and lymph node residual tumors, respectively. During the
follow-up period, 50/538 patients (9.3%) died, 57/538 patients
(10.6%) experienced recurrence, and 75/538 (13.9%) had dis-
tant metastasis.

Detailed data on the clinicopathological characteristics and
treatment factors of the study population are presented in
Table 1.

Prognostic Value of Residual Tumor Presence After RT

For the entire cohort, the 3-year PFS, LRFS, and DMFS rates
were 69.4%, 78.7%, and 78.4%, respectively. Based on the
regression of the total tumor after RT, the 538 patients were
divided into 2 groups: 175 patients with residual tumors and
363 without residual tumors. The 3-year rates in the residual
tumor and non-residual tumor cohorts were as follows: PFS,
61.0% vs. 73.4%, P = 0.009; LRFS, 72.0% vs. 81.9%, P =
0.021; and DMFS, 73.5% vs. 80.7%, P = 0.11 as indicated in
Figure 2A.

The 538 patients grouped into 147 and 391 patients with and
without local residual tumors, respectively had 3-year rates as
follows: PFS, 60.2% vs. 73.1%, P = 0.008; LRFS, 70.5% vs.
82.0%, P = 0.007; and DMFS, 73.5% vs. 80.3%, P = 0.14 as
indicated in Figure 2B.

The 538 patients grouped into 71 with and 467 without
lymph node residual tumors had 3-year rates as follows: PFS,
58.1% vs. 70.8%, P = 0.081; LRFS, 72.5% vs. 79.4%, P =
0.303; and DMFS, 65.9% vs. 80.0%, P = 0.032 as indicated in
Figure 2C.

Predictive Nomogram for PFS Based on Residual Tumor
Presence

The aforementioned results demonstrate that the presence of
MRI-detected residual tumors was an adverse prognostic factor
in NPC. To further predict survival outcomes and direct
decision-making in the case of residual tumors, a nomogram
model was constructed based on Cox proportional hazards
regression models in the training set data and a review of the
published literature. The results of the multivariate analyses for
PFS are summarized in Table 2. T-stage, EBV DNA level
before treatment, and presence of local residual tumor were

Table 1. Demographics and Clinical Characteristics in 538 Nasophar-
yngeal Carcinoma Patients.

Residual Non-residual
cohort cohort
(n =175) (n = 363) P value
Characteristic No. (%) No. (%)
Age (years)
<60 156 (89.1%) 327 (90.1%) p=10.74
>60 19 (10.9%) 36 (9.9%)
Gender
Male 122 (69.7%) 267 (73.6%) p=0.35
Female 53(30.3%) 96 (26.4%)
Histology
I 17 (9.7%) 15 (4.1%) p =0.01
1 158 (90.3%) 348 (95.9%)
T-stage
1 30 (17.1%) 102 (28.1%) p =0.03
2 43 (24.6%) 76 (20.9%)
3 70 (40%) 139 (38.3%)
4 32 (183%) 46 (12.7%)
stage
0 10 (5.7%) 47 (12.9%) p = 0.003
1 31 (17.7%) 95 (26.2%)
2 127 (72.6%) 209 (57.6%)
3 7 (4%) 12 3.3%)
Clinical stage
I 3 (1.7%) 25 (6.9%) p = 0.02
I 14 (8%) 48 (13.2%)
1 120 (68.6%) 233 (64.2%)
IVa 31 17.7%) 45 (12.4%)
IVb 7 (4%) 12 (3.3%)
RT technique
IMRT 120 (68.6%) 245 (67.5%) p=0.80
3D-CRT 55 (31.4%) 118 (32.5%)
Induction chemotherapy
Yes 128 (73.1%) 262 (72.2%) p =10.81
No 47 (26.9%) 101 (27.8%)
EBV DNA (copies/ml)
>500 86 (49.1%) 136 (37.5%) p =0.03
<500 54 (30.9%) 146 (40.2%)
NA 35 (20%) 81 (22.3%)
Time of MRI
0-3 months after RT 103 (58.9%) 164 (45.2%) p = 0.003

3-6 months after RT 72 (41.1%) 199 (54.8%)

Abbreviation: IMRT,intensity-modulated radiation therapy;3D-CRT, 3-
dimensional conformal radiation therapy; RT, radiation therapy.

found to be independent prognostic factors. Considering that
residual tumor diameter has an effect on prognosis, the maxi-
mum diameter of the local residual tumor was included in the
nomogram. The nine factors that were finally incorporated into
the nomogram model for PFS were: EBV DNA level before
treatment (<4000 vs. >4000 copies/mL), T stage, maximum
diameter of local residual tumor, N stage, age (<60 vs. >60y),
RT technique, histologic classification, sex, and induction che-
motherapy (Figure 3). The C-index of the nomogram for PFS
was 0.71 (95% confidence interval [CI] 0.418 to 0.718) in the
training set. The probability of 3-year PFS for the nomogram
exhibited excellent agreement between the nomogram-
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Figure 2. (A) Kaplan—Meier survival curves for the 538 patients with NPC stratified by residual tumor presence after RT. (A) Progression-free
survival, (B) locoregional recurrence-free survival, and (C) distant metastasis-free survival. NPC, nasopharyngeal carcinoma; RT, radiotherapy.
(B) Kaplan—Meier survival curves for the 538 patients with NPC stratified by local residual tumor presence after RT. (A) Progression-free

survival, (B) locoregional recurrence-free survival, and (C) distant metastasis-free survival. NPC, nasopharyngeal carcinoma; RT, radiotherapy.
(C) Kaplan—Meier survival curves for the 538 patients with NPC stratified by lymph node residual tumor presence after RT. (A) Progression-free
survival, (B) locoregional recurrence-free survival, and (C) distant metastasis-free survival. NPC, nasopharyngeal carcinoma; RT, radiotherapy.
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Table 2. Multivariate Analysis of Factors Associated With
Progression-Free Survival in Training Set.

Endpoint Variable HR 95% CI P-value
Local residual 1.79 1.01-3.18 0.046
PFS T-stage 1.67 1.21-2.32  0.002
EBV DNA(<4000 vs >4000 1.97 1.10-3.52 0.022
copies/ml)

Abbreviations: PFS = progression free survival; HR = hazard ratio; CI =
confidence interval.

predicted outcomes and the actual observed outcomes, as indi-
cated in Figure 4A.

Validation of the Nomogram

The data in the internal validation set were used for validating
the nomogram model. The calibration plot, based on the inter-
nal validation set data for the probability of PFS at 3 years,
illustrated excellent consistency between the actual observa-
tions and predictions according to the nomogram, as shown
in Figure 4B. The C-index was 0.71 (95% CI 0.418 to 0.772)
in the internal validation set.

Discussion

Many factors have been reported to be related to the prognosis
of NPC.?”"* In the present study, we found that the presence of
residual tumors within 6 months after RT completion was an

important prognostic factor in NPC. We also constructed a
nomogram using the patients’ clinicopathological information
to predict the probability of PFS in NPC after RT completion
based on residual tumor presence. The calibration curve for the
nomogram model showed good agreement between the predic-
tions and actual observations.

In this study, 32.5% of patients had residual tumors at 0-6
months after RT completion. He et al."* reported an MRI-
detected NPC residual tumor rate of 40.1% at the end of IMRT.
Lin et al.'® showed that 50% (54/108) of patients with NPC had
residual tumors on MRI, 1 month after RT completion. In
addition, 20.3% of the patients had residual tumors at 3 months
after IMRT completion, as presented by Lv et al.** The residual
tumor rates observed in different studies vary, and multiple
factors are responsible, including differences in clinical sta-
ging, residual tumor standard, radiation technology used, time
of residual tumor presence evaluation, and therapeutic regi-
mens. In addition, the 3-year prognostic outcomes were poorer
in the present study than in the study by He et al'*; this may be
attributable to several factors. First, there were differences in
the time-points at which the residual tumors were detected. In
the study by He et al.,® MRI was performed at the end of IMRT,
whereas in the present study, 72 (41.1%) patients were diag-
nosed as having residual tumors 3-6 months after RT comple-
tion. As previously reported,'’ the presence of persistent
residual tumors until 12 weeks is associated with worse prog-
nosis in NPC. Secondly, 173 (32.2%) of the patients received
3D-chemoradiotherapy in our study, whereas all the partici-
pants in the study by He et al. underwent IMRT. IMRT leads
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Figure 3. Prognostic nomogram for PFS in patients with non-metastatic NPC after radical radiotherapy. PFS, progression-free survival, EBV,
Epstein-Barr virus; WHO 11, The World Health Organization non-keratinizing differentiated carcinoma; WHO III, non-keratinizing undiffer-

entiated carcinoma; NPC, nasopharyngeal carcinoma.

to better tumor control and lower occurrence of RT-related
toxicities.* %!

In the present study, Kaplan-Meier survival analyses indi-
cated that the presence of local residual tumors but not lymph
node residual tumors had an adverse effect on PFS in patients
with NPC. Moreover, multivariate analyses showed that local
residual tumor presence was an independent prognostic factor
in the training set. Local residual tumor diameter also influ-
ences prognosis.*> Larger local residual tumors are associated
with an increased number of clonogenic tumor cells and
increased radioresistance due to tumor hypoxia, as well as
possibly, changed levels of intercellular communication fac-
tors.>® Therefore, we incorporated maximum local residual
tumor diameter into the nomogram. Finally, the nomogram
model was constructed based on the multivariate analyses and
existing literature.**>’

In this nomogram model, notably, the maximum diameter of
the local residual tumors had the third strongest influence on
NPC-related prognosis, following N and T stage. This result
suggests the importance of local residual tumor diameter. Gen-
erally, the greater the diameter of the local residual tumor, the
greater the tumor burden. Additionally, age is often regarded as a
prognostic factor in NPC.***° Generally, younger age at

diagnosis is associated with a more favorable prognosis.
Increasing age is usually associated with a poorer performance
status and increasing risk of comorbidities, reducing the rates of
treatment tolerance. We set 60 years as the cut-off age based on a
previous report.*! EBV DNA copy number, which is gradually
being recognized as having the potential to be the most in-
fluential biomarker in NPC, is associated with tumor burden,42
short-term efficacy evaluation, and subsequent prognosis
assessment.”* Leung et al.® set 4000 copies/mL as the EBV
DNA cutoff point and found that the pretherapy EBV DNA load
improved risk discrimination in NPC patients. Similarly, plasma
EBV DNA levels before treatment served as predictors of poor
prognosis in NPC in our study. Induction chemotherapy was a
risk factor for PFS in the nomogram, which may be explained by
the fact that patients with advanced disease are likelier to receive
induction chemotherapy. The poor prognosis of the disease itself
offsets the benefits of induction chemotherapy.

The present study is the first to combine local residual
tumors after RT based on MRI into a nomogram model for
NPC . By obtaining some relevant clinicopathological factors,
we can construct an easy-to-use nomogram model for the pre-
diction of disease progression and may aid clinicians in
decision-making for non-metastatic NPC. Further, the
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Figure 4. (A) Calibration curve for PFS prediction in patients with non-metastatic NPC in the training set. The nomogram-predicted probability
of PFS is plotted on the x-axis; the actual PFS is plotted on the y-axis. PFS, progression-free survival; NPC, nasopharyngeal carcinoma.
(B) Calibration curve for PFS prediction in patients with non-metastatic NPC in the internal validation set. The nomogram-predicted probability
of PFS is plotted on the x-axis; the actual PFS is plotted on the y-axis. PFS, progression-free survival; NPC, nasopharyngeal carcinoma.

nomogram has the potential to aid physicians in dealing with
local residual tumors. Patients with a maximum local residual
diameter, advanced-stage disease, and a high EBV DNA level
before treatment may need aggressive treatment, such as boost
radiotherapy, adjuvant chemotherapy, targeted therapy, and
immunotherapy,surgery and so on.

However, this study has some limitations. First, because of
its retrospective design, heterogeneity was unavoidable in the
clinical practices encompassing diagnosis, therapeutic

regimens, and so on. Secondly, no external dataset was used
to further validate the nomogram model. Additional research is
required to validate the nomogram model externally to deter-
mine whether it can be applied extensively. Larger-scale ran-
domized prospective clinical studies need to be conducted to
further reduce the presence of various biases.

In conclusion, the presence of MRI-detected residual tumors
after RT was negatively correlated with prognosis in patients
with NPC. The proposed nomogram based on residual tumor
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presence provides accurate prognosis stratification and can aid
clinicians in decision-making for local residual tumors. Effec-
tive and timely treatment must be provided for patients with
disease that is associated with a high risk of progression.
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