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Background. Reliable predictors are urgently needed to identify stage Il nasopharyngeal carcinoma (NPC) patients
who could benefit from concurrent chemoradiotherapy (CCRT). We aimed to develop a nomogram integrating
MRI-identified multidimensional features of lymph nodes to predict survival and assist the decision-making of CCRT for
stage Il NPC.

Patients and methods. This retrospective study enrolled 242 stage Il NPC patients treated from January 2007 to
December 2017. Overall survival (OS) was the primary endpoint. Performance of nomogram was evaluated using cali-
bration curves, Harrell Concordance Index (C-index), area under the curve (AUC) and decision curves analysis (DCA)
and was compared with TNM staging. According to the individualized nomogram score, patients were classified into
two risk cohorts and therapeutic efficacy of CCRT were evaluated in each cohort.

Results. Three independent prognostic factors for OS: age, number and location of positive lymph nodes were
included into the final nomogram. T stage was also incorporated due fo its importance in clinical decision-making.
Calibration plots demonstrated a good match between the predicted and our observed OS rates. C-index for
nomogram was 0.726 compared with 0.537 for TNM staging (p < 0.001). DCAs confirmed the superior clinical utility of
nomograms compared with TNM staging. CCRT compared to intensity-modulated radiotherapy (IMRT) delivered OS
benefit to patients in the high-risk group (5-year: 89.9% vs. 72.1%; 10-year: 72.5% vs. 34.2%, p = 0.011), but not in the
low-risk group.

Conclusions. This lymph node features-based nomogram demonstrated excellent discrimination and predictive ac-
curacy for stage Il patients and could identify patients who can benefit from CCRT.
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Introduction complex anatomical location and high radiosensi-

tivity, radiotherapy (RT) has been the mainstay of
Nasopharyngeal carcinoma (NPC) is a disease treatment. The predominant failure pattern of dis-
in head and neck that is especially prevalent in  tant metastases highlights the importance of chem-
Southeast Asia, with an age-standardized inci- otherapy to improve survival outcomes in NPC
dence rate of five per 100,000 population.! Givenits  patients.>® Currently, the National Comprehensive
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Cancer Network (NCCN) guidelines recommend
that concurrent chemoradiotherapy (CCRT) be
the primary treatment for T1-2NIMO patients and
T2NOMO patients with high-risk features.* This is
based on a prospective phase III study that showed
that CCRT provided survival benefits over two-
dimensional (2D) conventional RT alone for stage
IINPCS5

With rapid technological advances, intensity-
modulated radiotherapy (IMRT) has yielded excel-
lent treatment outcomes for patients with stage II
NPC, with 5-year overall survival (OS) and local
control rates exceeding 90%.° A recent phase II
randomized clinical trial demonstrated that CCRT
might be unnecessary for stage II patients treated
with IMRT, as it failed to improve treatment effi-
cacy while increasing the incidence of toxicity.” A
similar recommendation can be found in the latest
European Society for Medical Oncology (ESMO)
guidelines.® Nonetheless, the survival outcomes
remain poor for certain populations screened us-
ing adverse prognostic determinants (e.g, high
plasma Epstein-Barr virus [EBV] DNA levels).’1
The latest American Society of Clinical Oncology/
Chinese Society of Clinical Oncology (ASCO/
CSCO) guideline also highlights that CCRT can be
offered when a bulky tumor burden is present.!!
Therefore, the application of CCRT should con-
sider risk assessment, and more effective prognos-
tic factors are urgently needed to identify stage II
NPC patients who may benefit from CCRT.

American Joint Committee on Cancer (AJCC)
N staging is consistently recognized as one of the
most important determinants for prognosis pre-
diction and treatment decision-making in stage II
NPC. However, N1 disease represents a heteroge-
neous setting in which the size of the lymph node
ranges from 1 to a 6-cm mass. Furthermore, the
unresolved issue is the accuracy and consistency
of N staging, which merely considers nodal size,
laterality and location. With advances in imaging
modalities, MRI imaging-based analyses have ex-
tracted diverse nodal features containing essen-
tial information closely related to NPC staging,
treatment, and prognosis.’*® As morphological
lymph node features, high-level extranodal exten-
sion and central nodal necrosis have consistently
been proven to be predictors of distant metasta-
ses.”? Furthermore, the burden-related lymph
node features, such as volume and number of posi-
tive lymph nodes (PLNs), and number of positive
lymph node regions, are proved prognostic factors
for NPC progression.??> However, to the best of
our knowledge, no comprehensive lymph node
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feature-based prognosis stratification and concur-
rent chemotherapy decision-making protocol has
been reported for patients with stage II NPC.

In this study, we explored the prognostic value
of multidimensional lymph node features in stage
II NPC patients and established a lymph node
feature-based nomogram. Furthermore, we exam-
ined the clinical validity of this model in guiding
CCRT utility for patients with stage II NPC.

Patients and methods

This study was approved by the Ethics Committee
of our institute, and the requirement for informed
consent was waived due to its observational na-
ture. The present study was conducted in accord-
ance with the guidelines from the Declaration of
Helsinki.

Patients

Between January 2007 and December 2017, 242
stage II NPC patients were consecutively includ-
ed (restaged according to the 8th AJCC staging
system,). The eligibility criteria were as follows
(Supplementary Figure 1): (1) histologically con-
firmed World Health Organization (WHO) type
[I-1II NPC; (2) no evidence of distant metastases;
(3) complete pretreatment evaluation and having
complete baseline MRI scans of the nasopharynx
and neck; and (4) treatment with IMRT or CCRT
(cisplatin, cumulative dose =200 mg/m?).

MRI image acquisition

Head and neck T1- and T2-weighted MRI images
(TIWI, T2WI) were obtained with a 1.5 or 3T scan-
ner (GE Healthcare, Discovery MR, United States)
axially, coronally, and sagittally. The axial slice
thickness was 3 mm from the suprasellar cistern
to the inferior margin of the sternal end of the
clavicle.

Nodal characteristics identified on MRI
images

The gross volumes of the primary tumor and nodes
were identified as GTVnx and GTVnd, respectively.
The diagnostic criteria of positive lymph nodes in-
cluded: (1) any cervical lymph node with the short-
est diameter > 10 mm, any retropharyngeal lymph
node (RPLN) in the lateral group with the minimum
diameter > 5 mm, and any visible RPLN in the me-
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dian group; (2) central nodal necrosis or a contrast-
enhanced rim; (3) extranodal extension; and (4) > 3
contiguous converging lymph nodes, each with an
minimum diameter > 8 mm.* When more than two
lymph nodes could not be distinguished from each
other, they were counted as one. The maximal ax-
ial diameter of lymph nodes was measured on the
largest plane of cross-sectional images. Extranodal
extension was assessed on Tl-weighted fat-sup-
pressed contrast images and classified as follows
(Figure 1): Grade 0, without extranodal extension;
Grade 1, infiltrating the surrounding fat; Grade 2,
matted nodes; and Grade 3, infiltrating the adjacent
muscle, parotid gland, vessels and skin.!® Central
nodal necrosis was identified as a focal area of high
signal intensity on T2WI.1?

Treatment

All 242 patients completed whole-course simulta-
neous-integrated boost (SIB) IMRT. Doses of 69.96
Gray (Gy)/33 fractions were prescribed for GTVnx
and GTVnd. High- and low-risk regions of the clin-
ical target volume (CTV) received a prophylactic
dose of 60.06 Gy/33 fractions and 50.96 Gy/28 frac-
tions, respectively. The concurrent chemotherapy
plan included a weekly (40 mg/m?) or three-weekly
(80-100 mg/m?) cisplatin regimen.

Clinical outcomes and follow-up

The primary endpoint was OS (date of treatment
start, to date of documented death from any cause
or last follow-up). The secondary endpoints were
disease-specific survival (DSS, date of treatment
start to date of documented death from NPC-
related cause or last follow-up), regional recur-
rence-free survival (RRFS, date of treatment start
to date of the first observation of regional recur-
rence) and distant metastasis-free survival (DMFS,
date of treatment start to date of the first observa-
tion of distant metastases).

Patients were followed up at least every three
months for the first two years, every six months
for the third to fifth years, and then yearly.
Evaluations included complete physical examina-
tion, fiberoptic nasopharyngoscopy, MRI of the
nasopharynx and neck, chest X-ray/CT, and abdo-
men sonography/CT with or without bone scans.
Other additional investigations (e.g, FDG PET/
CT) would also be scheduled if clinically neces-
sary. Late toxicities were assessed according to the
Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0.
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FIGURE 1. Axial T1-weighted fat-suppressed contrast MRl images of grade 0-2
extranodal extension (ENE) in four stage Il nasopharyngeal carcinoma patients.
(A) Grade 0: without ENE; (B) Grade 1: lymph node (LN) infiltrating surrounding
fat; (C) Grade 2: matted LNs; and (D) Grade 3: LN infiltrating sternocleidomastoid
muscle (wight arrows).

Statistical analysis

The Kaplan-Meier method was performed to es-
timate survival rates, and log-rank test was used
to examine the significance of differences. Youden
indexes derived from the time-dependent receiver
operating characteristic (ROC) analysis were uti-
lized to dichotomize continuous variables into
categorical variables and determine the optimal
cutoffs. Cox proportional hazards regression with
backward selection was performed in multivari-
able analysis (MVA) and to calculate hazard ratios
(HRs). To assess the effect of the continuous vari-
ables on OS, an additive Cox model was used to
generate pointwise estimates of HR curves by us-
ing the “smoothHR” package.? Based on the risk
factors identified by MVA, a nomogram was devel-
oped. The calibration curves, Harrell concordance
index (C-index), area under the curve (AUC) and
decision curve analysis (DCA) were used to evalu-
ate the performance of nomogram. Each patient
was stratified into low- or high-risk groups based
on the final sum of the nomogram scores. R (ver-
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TABLE 1. Characteristics of 242 patients with stage I
nasopharyngeal carcinoma

Characteristics No. (%)
Age, median (range) 50 (18-76)

<50 120 (49.6)

250 122 (50.4)
Sex

Male 173 (71.5)

Female 69 (28.5)
AJCC 8th T stage

T 104 (43.0)

T2 138 (57.0)
AJCC 8th N stage

NO 30 (12.4)

N1 212 (87.6)
AJCC 8th subgroup

TINTMO 104 (43.0)

T2NOMO 31 (12.8)

T2NTMO 107 (44.2)
GTVnx volume (cm?), median (range) 19.1 (2.1-74.0)

<13.7 70 (28.9)

> 13.7 172 (71.1)
GTVnd volume (cm?), median (range) 8.7 (0-71.0)

<29.1 212 (87.6)

>29.1 30 (12.4)
Lateral of RPLNs

None 90 (37.2)

Unilateral 113 (46.7)

Bilateral 39 (16.1)
LN located in level Il

Yes 195 (80.6)

No 47 (19.4)
LN size (cm) 1.7 (0-6.0)

MAD < 2.2 152 (62.8)

MAD = 2.2 90 (37.2)
Number of positive LN 2 (0-9)

0 30 (12.4)

1 69 (28.5)

2 60 (24.8)

8 51 (21.1)

4 19 (7.9)

25 13 (5.4)
TENE grade

Grade 0 153 (63.2)

Grade 1,2 52 (21.5)

Grade 3 37 (15.3)

CNN

No 179 (74.0)

Yes 63 (26.0)
Treatment

IMRT 158 (65.3)

CCRT 84 (34.7)

TENE Grade 0 = none; Grade 1 = LN Infiltrating surrounding fat; Grade
2 = matted nodes; and Grade 3 = LN infiltrating adjacent muscle and
(or) vessels and(or) skin

AJCC = American Joint Committee on Cancer staging system; CCRT
= concurrent chemoradiotherapy; CNN = central nodal necrosis;
ENE = extranodal extension; GTVnx/GTVnd = gross target volume of
nasopharyngeal tumor/lymph nodes; IMRT = intensity-modulated
radiotherapy; LN = lymph node; MAD = maximum diameter; RPLN =
refropharyngeal lymph node
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sion 4.1.0) and SPSS (version 26.0) were adopted for
the statistical analysis. All the tests were two-sid-
ed, and significance was defined as p < 0.05.

Results
Patient characteristics

The general characteristics of the 242 stage II pa-
tients are summarized in Table1 (median age
50-years old, range 18-76; 173 men, male-to-female
ratio 2.5:1). Overall, 158 (65.3%) patients received
IMRT, and 84 (34.7%) received CCRT.

Survival and toxicities after treatment

With a median follow-up of 10.3 years (range: 0.6—
17.5 years), the 5-year and 10-year OS, DSS, RRFS
and DMEFS rates of the entire cohort were 91.9%
and 79.1%, 93.6% and 86.7%, 96.5% and 93.6%, and
92.3% and 89.1%, respectively. At the last follow-
up, 42 (174%) patients had died, and 45 (18.6%)
experienced treatment failure. The patterns of
treatment failure and causes of death are shown in
Supplementary Table 1.

Compared with IMRT, patients receiving CCRT
had significantly higher rates of Grade 1-2 gas-
trointestinal reactions, ear toxicities and severe
(Grade 3-4) leukopenia. No significant differ-
ences were observed in terms of the incidence or
severity of late toxicities between the two groups
(Supplementary Table 2).

Risk score model and risk stratification

The ROC-determined optimal cutoffs for GTVnx
volume, GTVnd volume and lymph node size to
predict OS were 13.7 cm? 29.1 cm?® and 2.2 cm, re-
spectively. Smooth HR trend showed that the log
HR of overall death increased linearly with an in-
creasing number of PLNs from 1 to 4 and reached
a plateau from 5 and above (Supplementary
Figure 2). Therefore, the number of PLNs was cat-
egorized into 6 groups (i.e., from 0 to 4 and > 5).
Univariate analysis showed that age > 50 years,
GTVnd 229.1 cm?, lymph nodes located in level IIT
(Figure 2A), lymph node size > 2.2 cm (Figure 2B),
PLN number (Figure2C), and positive central
nodal necrosis (Figure 2D) were associated with
poor OS. MVA demonstrated that age, location
and number of PLNs were independent determi-
nants for OS (Supplementary Table 3). T stage was
also included in the nomogram for its importance
in clinical decision-making (Figure 3A). The cali-
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bration curves manifested excellent consistency in
terms of the 5- and 10-year OS (Figure 3B-C).

The C-index of the nomogram in predicting
OS was 0.726 (95% CI: 0.638-0.813) in comparison
with 0.537 (95% CI: 0.498-0.608) for TNM stage (p
< 0.001). Analysis of AUCs revealed that the total
nomogram score for predicting OS was also sig-
nificantly superior to TNM staging (Figure 4A).
Likewise, DCAs indicated that the risk model had
a higher net benefit for predicting 5- and 10-year
OS than TNM staging for almost all threshold
probabilities (Figure 4B—C).

The linear correlation between the nomogram
score and the hazard of overall death is shown in
Supplementary Figure 3. Based on cutoffs for the
total score, patients were stratified into low-risk
(score: 0-134) and high-risk groups (score: >134).
There were no significant differences in any end-
point among the TINIMO, T2NOMO, and T2N1MO0
subgroups (Figure 5A-D). The high-risk group had
significantly worse OS, DSS, RRFS or DMES rates
than low-risk group (Figure 5E-H).

Nomogram-based adaptive utilization of
CCRT

Based on the stratified groups derived from the
nomogram, we further analyzed the clinical effi-
cacy of CCRT in two cohorts with different prog-
noses. Although a trend that CCRT improves
OS was observed in the whole population, it did
not reach a significant difference (Figure 6A).
Nevertheless, high-risk patients could benefit
from CCRT compared to IMRT (5-year OS 89.9%
vs. 72.1% and 10-year OS: 72.5% vs. 34.2%, p = 0.011),
while low-risk patients failed to benefit from CCRT
(Figure 6B—-C, Figure 7). CCRT did not improve the
OS rates among the TINIMO, T2NOMO, and T2N1
MO subgroups (Figure 7).

Discussion

In this study, we comprehensively evaluated the
prognostic value of multidimensional nodal fea-
tures in patients with stage Il NPC and further es-
tablished a lymph node feature-based nomogram.
The nomogram demonstrated superior predictive
performance for OS and outperformed the current
AJCC TNM staging. In addition, the nomogram-
derived prognostic stratification contributes to
identifying high-risk patients who are more likely
to benefit from CCRT. To the best of our knowl-
edge, this current study is the first to incorporate
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FIGURE 2. Multidimensional nodal features of stage Il nasopharyngeal carcinoma
significantly associated with survival outcomes in univariate or multivariate
analysis. Axial T2-weighted fat-suppressed image of (A) a 24-year-old man with
one lymph nodes (LN) in level lll; (B) a 56-year-old man with maximum diameter
of lymph node 3.3cm; (C) a 50-year-old woman with four metastatic LNs; and (D)
Sagittal T1-weighted fat-suppressed contrast images of a 45-year-old woman
showing central nodal necrosis (CNN) (wight arrows).

MAD = maximal axial diameter

various nodal features into a nomogram to predict
the prognosis of stage Il NPC and to further guide
the management of concurrent chemotherapy.
The latest NCCN guidelines recommend CCRT
for stage IINPC, which is based on a phase Il study
from the conventional 2D-RT era that showed sig-
nificant improvements in 5-year OS and progres-
sion-free survival (PFS) with CCRT over RT alone.*
The survival benefit of CCRT might be due to its
radiosensitizing effect and the fact that it compen-
sated for the dosimetric deficiencies of the con-
ventional RT technique. In the IMRT era, the role
of CCRT in stage II NPC has not been absolutely
defined given the paucity of data from phase III
trials. The majority of studies revealed that the ad-
dition of concurrent chemotherapy did not signifi-
cantly improve survival but increased the preva-
lence of acute toxic reactions in patients with stage
II NPC.”? Nonetheless, Luo et al. reported that

Radiol Oncol 2022; 56(4): 479-487.
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than the stage II disease population. Therefore, it
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T2NIMO patients receiving CCRT had better 3-year
OS, LRES, and DMFS than those receiving IMRT.?”
Similarly, Kang et al. found that CCRT contributed
to improving the 5-year locoregional relapse-free
survival and PFS for stage II patients.?® It should be
noted that the limitation of the above studies was
that all patients were from nonendemic areas, and
WHO I/II was the most common histological type.
In our study, although a trend that CCRT could im-
prove OS was observed in the whole population, it
did not reach a significant difference. Collectively,
this evidence supports the utilization of concur-
rent chemotherapy in a specific portion rather
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profile of nodal burden.!*!® The number of MRI-
positive lymph nodes has been reported to be a
predominant independent prognostic factor for
survival in NPC patients and is a better proxy for
the cumulative effect of lymph nodes than AJCC
N staging.?? Additionally, quantitative metastatic
lymph node regions were shown to be superior to
N classification in terms of prognosis in NPC.% In
addition, high-grade extranodal extension was re-
ported as an evaluable predictor that could assist
in the selection of stage II patients with a high risk
of distant metastases.’®!”1® Another critical lymph
node feature was central nodal necrosis, which was
proven to be an independent negative prognos-
tic factor in patients with NPC.12%¢ In the current
study, by applying an additive Cox model based on
P-penalized, we observed the impact of consecu-
tive PLN on survival: the hazard of overall death
increased linearly with increasing PLNs from 1 to
4, eventually reaching a plateau at PLNs of 5 and
above. Based on this tendency, PLN surpassed the
traditional AJCC N stage and emerged as an in-
dependent variable in the MVA model. Likewise,
lymph node located in level III was found to be an
important prognostic factor that outperformed N
stage, which could be explained by the fact that
lymph node often metastasizes in an orderly fash-
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FIGURE 5. Survival curves of the (A-D) three subgroups
in American Joint Committee on Cancer staging system
(AJCC), TNM staging and (E-H) the low- and high-risk groups
stratified by the nomogram-derived score.

ion from upper to lower level lymph nodes, and
patients with level III lymph node involvement
tend to have an increased number of positive
lymph nodes. Lymph node size, GTVnd volume,
extranodal extension and central nodal necrosis
were no longer independent prognostic factors
for OS, probably because they were surrogates for
the number of PLNs or LNs located in level III and
were included when all served as positive lymph
node criteria in multivariable Cox analysis.

As per the results of the multivariate analysis,
we finally included age, T stage, number of PLNs
and location (lymph node located in level III) in
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the nomogram for OS. Although nomograms have
been established in various manners in stage II
NPC?-%, the notable hallmark of our nomogram is
that it is the first to incorporate lymph node sta-
tus, while in the previous nomogram, the effect
of lymph node burden was merely assessed by
N staging and lacked more detailed categoriza-
tion.” In terms of the discriminative performance
of this nomogram, its C-index, AUC and DCA are

B @ 72
Time(mentns)

®

a8 6 72
Tima(months)

TNM staging system Event/Patient 5-year OS % 10-year OS % HR 95%CI P
IMRT CCRT IMRT CCRT IMRT CCRT
TIN1MO 11/64 3/40 904 971 778 933 L 0.412 0.115-1.481 0.174
T2NOMO 5/24 317 87.0 1000 791 400 __| 2732 0.607-12.293 0.190
T2N1MO 15/70 5/37 898 945 755 827 ___ | 0631 0.228-1.745 0.375
0 051 15 2
CCRTbetter  IMRT better
Prognostic risk Event/Patient 5-year OS % 10-year OS % HR 95%CI P
stratification
IMRT CCRT IMRT CCRT IMRT CCRT
Low-risk 13/121 5/51 949 1000 883 895 0.881 0.313-2.480 0.810
High-risk 18/37 6/33 721 899 342 725 @ __ | 0317 0.125-0.804 0.011

0 05 4 15 2

CCRT botter  IMRT batter

FIGURE 7. The 5-year and 10-year overall survival (OS) rates and hazard ratio
(HR) between intensity-modulated radiotherapy (IMRT) group and concurrent
chemoradiotherapy (CCRT) group according to (A) TNM staging system and (B)

prognostic risk model.
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significantly better than AJCC TNM staging and
are comparable to previous nomograms for stage
II NPC.20-23

Despite the growing evidence supporting the
prognostic value of lymph node features in NPC,
very little stratification based on lymph node fea-
tures has been incorporated into treatment deci-
sions from a clinical management perspective. To
our knowledge, only one previously published
study of nomograms in NPC analyzed the ability
of the lymph node features-based nomogram mod-
el to guide personalized induction chemotherapy
combined with CCRT management in stage II-IVA
patients.’® In the current study, we implemented
the time-dependent ROC method to identify two
subgroups according to the nomogram scores,
which was more reasonable and discriminatory
than arbitrary groupings based on medians or
quartiles. We then found that CCRT was associ-
ated with improved survival outcomes in the high-
risk group, with reductions in the overall death
hazards of approximately 70%. These results un-
derline that this nomogram may be valid enough
to be used as a practical tool for clinicians to select
stage II patients for concurrent chemotherapy.

This study has several limitations. First, the
plasma EBV-DNA levels were not included in the
survival analysis. Only five patients in this cohort
had EBV-DNA over 500 copies/ml, which is con-
sistent with previous studies reporting relatively
low EBV-DNA copies in stage II patients®?, sug-
gesting that their prognostic value may not be as
critical as in stage III/IV patients. Another possi-
ble reason for the relatively low EBV-DNA in this
cohort is the continued lack of standardized EBV-
DNA testing®%; therefore, we sought to re-exam-
ine the prognostic value of pretreatment EBV-DNA
for stage II NPC after standardization of testing
methods. Second, although the sample size of the
present study was the largest reported for nodal
feature prognostication in stage I NPC to date, our
data were obtained from a single cancer center. A
larger sample size cohort for external independent
validation is warranted to further assess the prog-
nostic and predictive value of this lymph node
feature-based nomogram.

Conclusions

In summary, this study established a nodal fea-
tures-based nomogram with excellent perfor-
mance, which provided statistically significantly
superior discrimination to TNM staging in pre-

Radiol Oncol 2022; 56(4): 479-487.

dicting the OS in patients with stage II NPC.
Furthermore, the nomogram-based stratification
effectively identified patients who were more like-
ly to gain survival benefit from CCRT. It offers a
useful tool for providing patient counseling and
clinical assessments. To generalize the clinical util-
ity of this nomogram, external validation should
be considered.
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