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Sentinel node necrosis is a negative
prognostic factor in patients with
nasopharyngeal carcinoma: a magnetic
resonance imaging study of 252 patients
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ABSTRACT

Purpose We explored the patterns of sentinel node metastasis and investigated the prognostic value of sentinel
node necrosis (SNN) in patients with nasopharyngeal carcinoma (Npc), based on magnetic resonance imaging (MR1).

Methods This retrospective study enrolled 252 patients at our institution who had metastatic lymph nodes from
biopsy-confirmed npc and who were treated with definitive radiation therapy, with or without chemotherapy. All
participants underwent MR1 before treatment, and the resulting images were reviewed to evaluate lymph node status.
The patients were divided into sNN and non-sNN groups. Overall survival (os), tumour-free survival (TEs), regional
relapse—free survival (RrFs), and distant metastasis—free survival (Dmrs) were calculated by the Kaplan-Meier
method, and differences were compared using the log-rank test. Factors predictive of outcome were determined by
univariate and multivariate analysis.

Results Of the 252 patients, 189 (75%) had retropharyngeal lymph node metastasis, and 189 (75%) had level 11a or
1B lymph node necrosis. The incidence of sNN was 43.4% (91 of 210 patients with lymph node metastasis or necrosis,
or both). After a median follow-up of 54 months, the 5-year rates of os, TFs, RRFs, and DMFs in the SNN and non-sNN
groups were, respectively, 79.4% and 95.3%, 73.5% and 93.3%, 80.4% and 96.6%, and 75.5% and 95.3% (all p < 0.01).
Age greater than 40 years, sNN, T stage, and N stage were significant independent negative prognostic factors for os,

TFS, RRFS, and DMFS.

Curr Oncol. 2017 June;24(3):e220-e225

Conclusions Metastatic retropharyngeal lymph nodes and necrotic level 11 nodes both seem to act as sentinels.
Sentinel node necrosis is an negative prognostic factor in patients with Npc. Patients with SN~ have a worse prognosis.
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INTRODUCTION

Nasopharyngeal carcinoma (Npc) is a prevalent and ma-
lignant head-and-neck tumour in southern Chinal. The
incidence of cervical lymph node metastasis at the time
of diagnosis is higher in Npc than in other head-and-neck
cancers?. Metastatic involvement of the lymph nodes has
been shown to have a major negative prognostic effect on
patient survival®. Efferent lymphatic flow from solid tu-
mours is not random; rather, it follows a pattern in which
there is spread to an initial node* From there, secondary
spread occurs to other nodes*.

The sentinel lymph node is defined as the first relay in
the lymphatic drainage of the tumour. Retropharyngeal
lymph nodeshad beenregarded as the “firstechelon” nodes
in Npc>%7, but the findings of Ng et al.? indicated that the
retropharyngeal lymph nodes are less frequently involved
thanare the cervicalnodes. Whether retropharyngeal lymph
nodes are the first-echelon nodes remains controversial.

Accurate evaluation of sentinel node metastasis is
critical for evaluating treatment options in patients with
NPc. In melanoma, sentinel node metastasis has been
determined to be the single most important prognostic
factor. Nodal necrosis, which has been used to distinguish
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between benign and malignant lymph nodes, is one of
the mostimportant node imaging features. The reported
incidence of nodal necrosis in patients with Npc ranges
from 20% to 42%%%10. However, the prognostic value of
sentinel node necrosis (SNN) in patients with NPc remains
poorly understood. Our study therefore aimed to explore
patterns of sentinel node metastasis and to investigate
the prognostic value of sNN, as determined by magnetic
resonance imaging (MR1), in patients with Npc.

METHODS

Patients

From June 2010 to December 2011, 252 patients with biopsy-
proven Npc treated at our institution with definitive radia-
tion therapy with or without chemotherapy were enrolled
inourretrospective study. Median age in the cohort was 40
years (range: 19-83 years). Evaluation by Mri1 of the naso-
pharynx and cervical region showed that all patients had
cervical lymph node metastasis and no distant metastasis.
Clinical staging was assessed using the 2010 American
Joint Committee on Cancer staging system. All patients
underwent a pre-treatment evaluation that consisted of
a complete history, physical examination, hematology
and biochemistry profiles, Mmr1 of the nasopharynx and
neck, chest computed tomography (cT), and abdominal
sonography; patients with T3 or T4 disease, low cervical
metastasis, or any lymph node exceeding 4 cm in size also
underwent whole-body bone scan or combined positron-
emission tomographyand ct!'. Magnetic resonance images
of the complete nasopharynx and cervical area were used
to evaluate lymph node status'!.

MRI Acquisition

Patients were examined at 3.0 T using a head-neck coil
(Magnetom Trio: Siemens Healthcare, Erlangen, Germany;
Intera Achieva SMI-2.1: Philips Medical Systems, Andover,
MA, U.S.A.)). The imaging protocol included a T1- and
T2-weighted turbo spin echo sequence (axial scanning
repetition time: 2000 ms; echo time: 9 ms; matrix: 320x320;
slice thickness: 3.0 mm; field of view: 240x240 mm) and a
T2 turbo inversion recovery magnitude sequence (axial
scanning repetition time: 4800 ms; echo time: 96 ms;
matrix: 384x384; slice thickness: 3.0 mm; field of view:
240x240mm) before injection of contrast material, and
then axial and sagittal T1-weighted spin echo and coronal
T1-weighted fat-suppressed spin echo images after abolus
intravenous injection of 0.1 mmol/kg gadolinium-pTPA
(Bayer Healthcare, Berlin, Germany). The total scan time
was 6 minutes and 5 seconds.

Criterion for Cervical Lymph Node Metastases
Based on MRI

Magnetic resonance images were interpreted by two expe-
rienced radiation oncologists (WBL, YHL) each with more
than 7 years of clinical experience in Npc. The criteria
used forretropharyngeal and necklymph node metastatic
involvement were these!12:

Any cervical lymph node with ashortest axial diameter
of 10 mm or larger

A retropharyngeal lymph node with a minimal axial
diameter of 5 mm or larger in the largest plane

Three or more lymph nodes in the same area aggre-
gated in a cluster, with a minimal axial diameter of
8 mm or more

Lymph nodes of any size with signs of extracapsular
spread, including irregular nodal capsular enhance-
ment, infiltration into adjacent fat or muscle, and
indistinct nodal margins

Lymph nodes of any size with central necrosis or an
enhancing rim—the definition of central necrosis on
magnetic resonance images being a focal area of high
signal intensity on T2-weighted images or a focal area
of low signal intensity on T1-weighted images with or
without a surrounding rim of enhancement (Figure 1)

Treatment Protocol and Follow-Up

Patients were immobilized from head to shoulders with
commercially available thermoplastic masks and an in-
dividually customized bite block. The cT images (3 mm
slice thickness) were acquired from the top of the vertex
to the level of the carina. The target volumes were drawn
on each axial planning crt slice, based on diagnostic cT
images, supplemented with diagnostic MRI or combined
positron-emission tomography and ct. The gross tumour
volume included the gross extent of the primary disease
and involved lymph nodes. Involved lymph nodes were
classified asallnodes 1 cm orlargerin the shortaxis, those
with a necrotic center, and those that were avid on fluoro-
deoxyglucose positron-emission tomography. The initial
planningtarget volume (pTv) was defined by addinga 3-mm
to 5-mm margin to the gross tumour volume, depending
on the proximity of the gross tumour volume to critical
structures. The secondary prv covered areas at high risk

FIGURE 1 Magnetic resonance images demonstrate sentinel node
necrosis in 2 patients with nasopharyngeal cancer. (A-C) In a 52-year-old
man, necrosis is seen in the right retropharyngeal lymph nodes (arrows).
(A) Axial T1-weighted. (B) Axial T1-weighted. (C) Contrast-enhanced T1-
weighted. (D-F) In a 49-year-old woman, necrosis is seen in the lymph
node in the left level Il area (arrows). (D) Axial T1-weighted. (E) Axial
T1-weighted. (F) Contrast-enhanced T1-weighted.
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for potential microscopic disease. The tertiary prvincluded
the clinically negative bilateral cervical lymphatics down
to the supraclavicular fossae (“elective pTv”). Organs at
risk were outlined in three dimensions with an estimated
planning organ-at-risk volume margin of 2-10 mm.

Intensity-modulated radiation therapy plans were
generated by the Pinnacle treatment planning system (ver-
sion 8.0m: Philips Healthcare, Amsterdam, Netherlands).
Irradiation was delivered by linear accelerator using 6 MV
photon energy. The goals were to deliver the prescription
dose to at least 95% of the ptv, and 95% of the prescribed
doseto atleast 99% of the pTv, while meeting the following
normal-tissue constraints:

Spinal cord maximum dose less than 45 Gy
Brainstem maximum dose less than 54 Gy

Temporal lobe maximum dose less than 54 Gy
Eyeball maximum dose less than 54 Gy

Optic nerve maximum dose less than 54 Gy
Mandible maximum dose less than 70 Gy

Dose to 50% of the parotids volume less than 30 Gy, or
mean dose less than 26 Gy

Dose to the lens as little as possible

We also attempted to keep the volume of tissue re-
ceiving more than 110% of the prescribed dose to less
than 1 mL. For patients with stages 111-1v disease, 6 cycles
of 5-fluorouracil-cisplatin were planned. Intravenous
cisplatin 25 mg/m? was delivered daily on days 1-3, and
intravenous 5-fluorouracil 525 mg/m? was administered on
days 1-3. Chemotherapy was stated on the first day of ra-
diotherapy, and each cycle was repeated every 4 weeks. The
first 2 cycles of chemotherapy were therefore concurrent
withradiation. Patients had a 2-week rest after completion
of radiotherapy and then received the additional 4 cycles
of chemotherapy. We did not modify the planned dose of
chemotherapyinresponse to specific adverse events. How-
ever, when encountering grade 3 or greater toxicities, the
cycleswere postponed until the nonhematologic toxicities
recovered to grade 1 or less, and neutrophil and platelet
counts increased to more than 2.0x10%/L and 100x10%/L
respectively. If a chemotherapy cycle had to be postponed
for more than 2 weeks, the chemotherapy was stopped.

Follow-up started on the day of radiation therapy
completion and continued to the date of an event or the last
follow-up visit. All patients were followed monthly for the
first 3 months, every 3 months for the subsequent year, ev-
ery 6 months for the subsequent 2 years, and then annually.

Statistical Analysis

Statistical analyses were performed using the SPSS Sta-
tistics software application (version 17: SPSS, Chicago,
IL, U.S.A.). The survival analysis used the Kaplan-Meier
method to assess the effect of various variables on overall
survival (0s), tumour-free survival (TFs), regional relapse—
free survival (RRFS), and distant metastasis—free survival
(pmrs). Differences between groups were compared using
the log-rank test. Factors that could have affected os, TFs,
RRFS, and DMFs were analyzed by univariate analysis and
confirmed by chi-square test. Multivariate analyses were
performed to assess the relationship between survival and

several variables simultaneously. For those analyses, Cox
proportional hazards models were used. The chi-square
test was used to compare patterns of treatment failure
between the sNN and non-sNN groups. A p value less than
0.05 was considered statistically significant.

RESULTS

Patient Characteristics

Table 1shows the characteristics and clinical features of the
patients. The male-to-female ratio was 2.45:1 (179 men, 73
women). Of the 189 patients with retropharyngeal lymph
node metastasis, 189 had level 11 (11a or 11B) nodal metas-
tasis, 71 had level 111 nodal metastasis, 9 had level 1v nodal
metastasis, and only 2 had level v or supraclavicular nodal
metastasis. Retropharyngeal lymph node metastasis was
present in 107 patients without level 11 nodal metastasis,
and 103 patients had level 11 (11 or 11B) nodal metastasis
without retropharyngeal lymph node metastasis. Of the
210 patients with retropharyngeal or level 11 lymph node
metastasis, 43.3% (n = 91) had necrotic lymph nodes.

Outcomes for Treatment and Follow-Up

All patients underwent radical radiation therapy that cov-
ered the nasopharynx and retropharyngeal lymph nodes
within the primary target. Whole-neck irradiation was

TABLE | Patient characteristics

Characteristic Value
Patients (n) 252
Sex [n (%)]
Men 179 (71)
Women 73 (29)
Median age (years) 40
T Stage [n (%)]
T1 14 (5.6)
T2 68 (27)
T3 118 (46.8)
T4 52 (20.6)
N Stage [n (%)]
N1 114 (45.2)
N2 87 (34.5)
N3 51 (20.3)
Clinical stage [n (%)]
1 36 (14.3)
111 121 (48)
1Va 44 (17.4)
IVb 51 (20.3)
Cervical node metastases [n (%)]
Single level involved 99 (39.2)
Multiple levels involved 153 (60.8)
Sentinel node metastasis 210 (83.3)
With necrosis 91 (43.3)
Without necrosis 119 (56.7)
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performed in all cases. Of the 252 patients, 58.7% (n = 148)
were treated with conventional techniques, with 38.9% (98
of252) undergoing intensity-modulated radiation therapy
and 2.4% (6 of 252) undergoing three-dimensional con-
formal radiation therapy. Most patients (n = 216, 85.7%)
received platinum-based neoadjuvant, concurrent, or
adjuvant chemotherapy.

The median follow-up duration for the entire group
was 54 months (range: 3-60 months), with 8 of the 252
patients (3.2%) beinglost to follow-up. Table 1 summarizes
the types of treatment failure that occurred in the cohort.
By the last follow-up examination, 19.8% of the patients
(n=50) had developed treatment failure. Patients with sNn
accounted for more than four fifths of those who experi-
enced treatment failure (82%, 41 of 50). In the sNN group,
30.8% (28 of 91) developed distant metastases, with 23
developing distant metastasis alone, and 3 developing both
distant metastasis and locoregional recurrence. In compar-
ison, the distant metastasis rate in the non-sNN group was
only 5.9% (7 of 119). For all patients, the estimated 5-year
rates of 0s, TFs, RRFS, and DMFs were, respectively, 88.8%,
85.3%, 85.3%), and 87.3%; for the sNN and non-sNN groups,
the rates were 79.4% and 95.3%, 73.5% and 93.3%, 80.4%
and 96.6%, and 75.5% and 95.3% respectively (all p <0.01).
Figure 2 presents the Kaplan—-Meier survival curves.

Univariate and Multivariate Analyses

Univariate analysis demonstrated that age greater than
40 years, sNN, and T, N, and clinical stage were associated
with os, TFs, RRES, and pMFs (Table 111). Furthermore,
multivariate analysis revealed that age greater than 40
years, sNN, and T and N stage were negative prognostic
factors for os, TFs, RRFs, and pDmFs. Clinical stage was notan
independent prognostic factor in the multivariate analysis.
Statistically significant differences were observed between
the various T stages (HR: 1.82; 95% cr: 1.48 to 2.28) and N

TABLE Il Treatment failure, all patients with sentinel node metastasis

Type of failure Patient group p
Value
Metastasis Overall
Yes No
Locoregional recurrence only <0.01
Local 7 1 8
Regional 1 5
Locoregional 2 0 2
SUBTOTAL 13 2 15
Distant metastases only <0.01
Lung 10 2 12
Bone 9 1 10
Brain 1 0 1
Bone and lung 3 1 4
SUBTOTAL 23 4 27
Locoreg!onal recurrence 5 3 8
and distant metastasis
TOTAL 41 9 50 <0.01

stages (HR: 1.7; 95% cr1: 1.24 to 2.20). The risk for death
(HR: 2.1; 95% c1: 1.57 to 2.64) and for developing distant
metastasis (HR: 2.0; 95% cr1: 1.51 to 2.69) was higher in the
sNN than in the non-snN group (Table 1v).

DISCUSSION

Cervical node metastasis is very common in patients with
~nec. King et al.® considered the retropharyngeal lymph
nodes to be the first-echelon nods in Npc; however, Ng et
al.8regarded only level 11 nodes as the first-echelon nodes
inNpc. In the present study, of the 252 patients with lymph
node involvement, 189 had retropharyngeal lymph node
metastasis, and 189 had level 11 (114 or 11B) nodal metastasis
—that is, the incidences were the same. Those results
indicate that the retropharyngeal lymph nodes and the
cervicallevel mnodes mightboth be the first-echelon nodes
inNpc, perhaps partly because the lymphatic vessels of the
nasopharynx drain in two general directions, lateral and
medial>!3. The primary drainage is the lateral pathway,
which drains the lateral nasopharynx and flows into the
lateral half of the upper internal jugular chain or into the
lateral retropharyngeal lymph node'.

Cervical nodal metastasis also has a substantial role
in the prognosis of patients with head-and-neck squamous
cell carcinoma, including Npc. Some studies showed that
rates of distant metastasis were higher in Npc patients
with retropharyngeal lymph node involvement. Zouma-
lan et al."* and Randall ef al.'® reported that cervical node
necrosis visible on preoperative ct was a useful indicator
of extracapsular nodal spread, which was confirmed to
be an important negative prognostic indicator in patients
with head-and-neck squamous cell carcinoma, with a
sensitivity of 91%-95% and a negative predictive value of
88%-98%16-19. Those studies appear to suggest that SNN
might also be an unfavourable prognostic factor in patients
with Npc, and the results of the present study confirmed
that suggestion.

Fulmes et al.?’ reviewed postoperative pathology data
from 48 patients with colon cancer and observed that
lymph node necrosis occurred in almost 70% of patients.
The 5-year os rates for patients with and without lymph
node necrosis were, respectively, 85% and 50% (p = 0.02),
and the authors concluded thatlymph node necrosis was a
significant positive prognostic factor in patients with colon
cancer, which is the opposite of our results. However, their
sample size was relatively small, and only 30 patients were
enrolled in the survival analysis. In patients with head-
and-neck squamous cell carcinoma, the reported incidence
of lymph node necrosis is 50%, and the incidence ranges
from 20% to 42% in patients with Npc%1%12, In a study of 786
patients with Npc and positive cervical lymph nodes, Mao
et al.9 reported that the incidence of lymph node necrosis
was only 26.5%. In our study, the incidence of lymph node
necrosis was much higher (43.3%, 91 of 210 patients) and
similar to the incidence described by Lan et al.''. In the
study by Mao er al.?, lymph node necrosis did not have a
significant association with survival in NPcC patients; how-
ever, that result might reflect the analysis of a relatively
small cohort. In our analysis, survival outcomes in the sNN
group were substantially poorer than they were in the
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FIGURE2 Overall, tumour-free, regional relapse-free, and distant metastasis-free survival for the groups with and without sentinel node necrosis (SNN).

TABLE Il Univariate analyses of 5-year survival rate, by various clinical characteristics

Variable Overall survival Tumour-free Regional relapse- Distant metastasis-
survival free survival free survival

Value (%) p Value
Value (%) p Value Value (%) p Value Value (%) p Value

Age group 0.013 <0.01 0.011 <0.01
<40 Years 89.2 89 89.1 89.2
>40 Years 83.5 83.2 82.6 83.7
Sex 0.647 0.15 0.43 0.148
Men 86.7 85.7 86.5 86.6
Women 86.9 86.9 86.9 86.8
Sentinel node metastasis <0.01 <0.01 <0.01 <0.01
Sentinel node necrosis
Yes 74.6 74.1 74.3 74.2
No 89.7 89.7 88.9 89.5
T Stage 0.014 0.028 <0.01 <0.01
T1 95.6 95.7 95.5 95.6
T2 90.8 90.9 89.9 90.7
T3 85.4 84.4 84.2 85.3
T4 72.1 72.3 71.9 72.3
N Stage 0.038 0.017 <0.01 <0.01
N1 90.5 90.9 90.3 90.1
N2 84.2 84.4 83.9 84.1
N3 73.7 73.2 72.1 73.4
Clinical stage 0.011 <0.01 0.004 <0.01
1 96.4 96.8 96.3 96.4
1 89.5 89.7 88.9 89.9
IVa 75.8 75.9 75.4 75.5
IVb 75.6 75.7 75.3 75.2
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TABLE IV Multivariate analysis of 5-year survival, by independent variables correlated with various clinical characteristics

Variable Overall survival Tumour-free survival Regional relapse-free survival Distant metastasis-free survival
HR 95%CL pValue HR 95%CL pValue HR 95%CL pValuee HR 95%CL pValue

Age > 40 years 1.78 1.43,2.23 <0.01 1.73 1.24,2.42 <0.01 1.75 1.43,2.23 <0.01 1.72 1.24,2.43 <0.01
Sentinel node necrosis 2.1 1.57,2.64 <0.01 2.13 1.62,2.75 <0.01 2.1 157,274 <0.01 2.01 1.51,2.69 <0.01
T Stage 1.82 1.48,2.28 <0.01 1.76 1.48,2.18 <0.01 1.75 1.47,2.19 <0.01 1.74 1.40, 2.21 <0.01
N Stage 1.7 124,220 <0.01 1.73 1.28,2.20 <0.01 1.72 1.24,2.20 <0.01 1.71 1.24,2.27 <0.01
HR = hazard ratio; CL = confidence limits.
non-sNN group. We suggest that it might be worth consider- 7. NeelHB3rd, Taylor WF, Pearson GR. Prognostic determinants

ingwhether sNn should be incorporated into the American
Joint Committee on Cancer staging system for Npc.

One limitation of our study is that the assessment of
sNN could be reliably performed only using Mr1 because,
unlike other head-and-neck cancers, Npc is typically
treated without the use of cervical node biopsy. In addition,
our study is a retrospective analysis of patients who were
treated at a single centre. Furthermore, there were no sig-
nificant differences between the sNN and non-sNN groups
withrespectto theradiation therapy dose tolymph nodes,
because the doses at our centre lie within a small range. We
therefore cannot propose treatment strategy adjustments
on the basis of the present work.

CONCLUSIONS

In patients with NPc, SNN is a negative prognostic factor. We
suggest thatit might be appropriate to investigate whether
sNN should be incorporated into the American Joint
Committee on Cancer staging system for patients with Npc.
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