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1 | INTRODUCTION

Laryngeal carcinoma is one of the most common malignancies of the head
and neck region, most of which are squamous cell carcinoma.> Glottic
squamous cell carcinoma (GSCC) accounts for around two-thirds of all
laryngeal carcinomas. GSCC is usually diagnosed at an early stage, owing
to typical symptoms such as hoarseness caused by vocal cord invasion.®
For early GSCC, single-modality radiotherapy (RT) and organ preservation
surgery, including laser surgery, are common treatment models in which
both treatment options can provide favorable prognosis, with reported
locoregional control rates ranging around 85%-100%.%"" Considering the
paucity of lymphatic drainage in the glottic region, the rate of neck metas-
tasis is extremely low for patients with T1-T2 GSCC,? let alone the occult
lymph node metastasis (LNM) in T1-2NO GSCC, so no prophylactic mea-
sures are typically needed for cervical lymph node regions for those
patients. However, for patients with advanced T stages (T3-T4) of laryn-
geal carcinoma, for whom laryngectomy still remains the standard
treatment,®® the neck involvement rate is high, and the reported inci-
dence of occult cervical lymph node metastases in patients with cT3-4NO
laryngeal carcinoma was no less than 20%.2%* In view of the characteris-
tics of regional metastasis, prophylactic lymph node dissections (LNDs)
are recommended for patients with cT3-4NO supraglottic and subglottic
carcinoma in many clinical centers. In contrast, no consensus has been
reached regarding the management of clinical NO GSCC patients, and
clear indications for neck management in patients with T3-4NO GSCC are
still controversial.

The present study thus aims to quantitatively predict and stratify
the risk of occult LNM in GSCC patients, especially in those with
advanced T stages (T3 and T4), to decide the adjuvant treatment
strategies postoperatively.

2 | METHODS

2.1 | Patient cohort

Retrospective analysis was performed on 1335 GSCC patients who
underwent surgical treatment at Department of Otorhinolaryngology,
Head and Neck Surgery at the Eye, Ear, Nose and Throat Hospital of
Fudan University from 2005 to 2010. The following criteria were applied
to exclude patients for our study: (1) patients with multiple primary
tumors (N = 6); (2) patients with existing distant metastasis when diag-
nosed (N = 4); and (3) patients who had received any preoperative neo-
adjuvant treatments (N = 6). Patients with primary GSCC and received
surgery as initial treatment were enrolled in this study. At last, a total of

1319 patients were enrolled in our study.

This study was approved by the Institutional Ethics Committee of
the Eye & ENT Hospital of Fudan University. All patients enrolled

gave informed consent to take part in the study.

2.2 | Surgical treatments and data collection

The demographic and clinical characteristics of age, sex, history of
smoking and alcohol drinking, history of hypertension and diabetes,
TNM classification were documented (shown in Table 1). Postopera-
tive data including tumor differentiation, maximum tumor diameter
(MTD), and tumor invasive depth were also reviewed to create our
retrospective database.

All patients underwent primary tumor resection in our cohort.
Organ-preserving options, including partial laryngectomy and
transoral laser microsurgery, were conducted for patients with
T1-T2 diseases. Both organ-preserving surgery and total laryngec-
tomy were performed for patients with T3 disease according to
the preoperative evaluations of tumor extent. For patients with T4
stage GSCC, total laryngectomy was recommended as standard
treatment and performed for most patients unless the patient
declined. Cervical LND was performed for those with clinically
detected neck involvement by preoperative imaging examination,
or prophylactically conducted for those with high suspicion of
LNM evaluated by clinicians. For those who received primary
tumor resection only, positive LNM detected by postoperative
follow-up 6 months after initial surgery will be identified as having
occult neck involvement at the time of initial treatment and will be
categorized in the LNM group.

2.3 | Statistical analysis

Chi-square test was used for the comparison between categorical var-
iable. Univariate and multivariate analyses were conducted to screen
out the independent risk factors for occult cervical lymph node
involvement. Variables with P-values <.05 in the univariate analysis
were enrolled into multivariate analysis. Risk-scoring prediction
models were created using R software (version 3.5.1; R Development
Core Team). We conducted the receiver operating characteristic
(ROC) and calculated the concordance index (C-index) for assessing
the discrimination of our newly established predictive model. The cali-
bration curve was also built to evaluate the consensus degree of the
model. A P-value <.05 was considered statistically significant, and sta-
tistical analyses were conducted with SPSS 24.0 software (SPSS Inc.,
Chicago, IL, USA).
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stage T3 or T4. Further clinicopathological characteristics of the pat-
ent population are depicted in Table 1. Primary tumor resection,

including partial and total hypopharyngectomy, was conducted for all

Among the 925 patients with T1-T2 stages, 30 (3.2%) patients
received both primary tumor resection and cervical LND for preop-
eratively detected lymph node involvement before surgery and
high suspicion of LNM evaluated by clinicians. Fifteen of the
30 patients conducted with LND were confirmed by postoperative
pathology. For the other 895 stage T1-2 patients who received
primary tumor resection only, five were diagnosed as LNM by
imaging and pathological examination during the postoperative follow-
up within 6 months from initial surgery. In total, only 20 (2.2%) of
925 patients with T1-T2 stages were regarded as having cervical LNM at
the time of initial diagnosis (shown in Figure 1).

Among the 394 GSCC patients with T3-T4 stages, 85 (21.6%)
patients received both primary tumor resection and cervical LND.
Fifty-two of the 85 patients receiving LND for preoperatively
detected lymph node involvement before surgery and high suspicion
of LNM by surgeons were confirmed by postoperative pathology. For
the other patients (N = 309) who received primary tumor re-
section only, 12 were diagnosed as LNM by imaging and pathological
examination during the postoperative follow-up within 6 months from
initial surgery. In total, 64 (16.2%) patients with T3-T4 stages were
defined as having cervical LNM at the time of initial diagnosis (shown

The extremely low LNM rate (only 20 in 925) for patients
with T1-T2 stages indicated that occult LNM is exceedingly rare
in those patients, so we focused on patients with T3-T4 stages
GSCC. No significant differences in the patient demographic
data, including age, sex, history of smoking, alcohol drinking,
hypertension, and diabetes, between the non-LNM group and
LNM group were observed. However, more T4 as well as low
differentiation tumors were found in patients with positive cervi-
cal lymph node involvement (P-value = .013 and .030, respec-
tively). Patients in the LNM group also showed larger metastatic
MTD and tumor invasive depth (P-value = .000). Details were
shown in Table 2.

HENG ET AL
TABLE 1 The clinicopathological characteristics of GSCC patients
N=1319 %
Age
260 653 495 patients.
<60 666 50.5
Sex
Female 33 25
Male 1286 97.5
History of smoking
No 390 29.6
Yes 929 704
History of alcohol drinking
No 699 53.0
Yes 620 47.0
History of hypertension
No 1087 824
Yes 232 17.6
History of diabetes
No 1261 95.6
Yes 58 4.4
T stage
T1 370 28.1
T2 555 421
T3 300 227 in Figure 1).
T4 94 7.1
N stage
NO 1253 95.0
N1 29 22
N2 32 24
N3 5 0.4
AJCC Stage |-V stratification
Stage | 368 27.9
Stage Il 541 41.0
Stage lll 294 223
Stage IV 116 8.8
Differentiation
High 748 56.7
Moderate and low 571 43.3 3.2 |

3 | RESULTS
3.1 | Demographics, clinical characteristics, and
LNM of all GSCC patients

A total of 1319 patients with GSCC (1286 males and 33 females) were
enrolled in our research. The mean age of all patients was 60.43 +
10.05 years (ranging from 30 to 90). Nine hundred and twenty-five
(70.2%) tumors were Stage T1 or T2, and 394 (29.8%) tumors were

Construction of the risk-scoring model for
predicting occult LNM in clinical T3-4NO patients

Demographic factors including the age and sex of patients,
smoking and drinking history, hypertension and diabetes medical
history, and clinicopathological characteristics including T stage,
tumor differentiation, MTD, and tumor invasive depth were ana-
lyzed by the logistic univariate analysis. Factors with P-values
<.05 were incorporated into multivariate regression analysis for
further screening. Finally, tumor differentiation, MTD, and tumor
invasive depth were recognized as independent risk factors of
LNM in PSSC patients with T3-T4 stages (shown in Table 3). Then
a nomogram incorporating the above-mentioned three factors
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FIGURE 1 Flow diagram of case selection steps and follow-up information for patients enrolled

was constructed to assess the risk of occult cervical lymph node
involvement in GSCC patients with T3-4NO stage (shown in
Figure 2A).

33 |
model

Evaluation and validation of the risk-scoring

The precision of our newly created predictive model was
assessed in terms of the C-index, and an internal validation was
also conducted using 1000 bootstrap resamples to reconfirm
the precision. The C-index of our nomogram was found to be
0.716 (95% Cl, 0.655-0.778) and remained at 0.717 (95% ClI,
0.686-0.747) after 1000 bootstrapping, indicating satisfactory
discrimination and accuracy of our model's prediction ability.
The ROC curve was also exhibited in Figure 2B. Furthermore,
the calibration plot was constructed and the actual and esti-
mated probability of LNM were in fair agreement (shown in
Figure 2C).

3.4 | Novelrisk stratification of occult LNM for
GSCC patients with T3-4NO stage

Every variable that made up the nomogram had its corresponding risk
points. The total risk points for each individual were calculated by
summing up the LNM risk points of each variable based on our nomo-
gram. In according to the distribution characteristic of the total risk

points, the cutoff value was chosen to stratify GSCC patients with
T3-4NO0 stage into two subgroups:

1. Patients with total LNM risk point of <150 (N = 172) were classi-
fied as low-risk group.

2. Patients with total LNM risk point of >150 (N = 222) were classi-
fied as high-risk group.

Chi-square test showed a significant difference among the two
subgroups in terms of cervical lymph node involvement (4.7% and
25.2% for low- and high-risk group, respectively, P-value =.000,
shown in Table 4).

35 |
patients

Analysis of contralateral LNM for GSCC

Fourteen (1.1%) patients were considered to have contralateral lymph
node metastasis (CLNM) in our cohort. All those patients with cLNM
were confirmed as having ipsilateral lymph node metastases, which
meant no skip metastasis (positive contralateral lymph nodes with no
ipsilateral lymph node involvement) was found in GSCC patients in
our research. The cLNM rates for patients with T3-T4 stages (3.0%,
12 in 394 patients) were extremely higher than those for patients with
T1-T2 stages (0.2%, only two in 925 patients, P-value =.000). Among
those with T3-T4 stages, contralateral lymph node involvement was
significantly more common in patients with T4 disease (6.3%, six in
95 patients) than in those with T3 disease (2.0%, six in 299 patients,
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TABLE 2 The clinicopathological
characteristics of T3-T4 GSCC patients

Age
260
<60
Sex
Female
Male
History of smoking
No

Yes

History of alcohol drinking

No
Yes
History of hypertension
No
Yes
History of diabetes
No
Yes
T stage
T3
T4
Differentiation
High

Moderate and Low

Maximum tumor diameter (MTD)

<20cm
>2.0cm

Tumor invasive depth
<1.0cm

21.0cm

P-value =.033). Meanwhile, the cLNM rate for T3-T4 patients with
positive ipsilateral LNM was 18.8% (12 in 64 patients).

4 | DISCUSSION

GSCC ranks first among the three types of carcinoma in the laryngeal
region. In contrast to supraglottic carcinoma, which frequently pre-
sents with cervical lymph node involvement from early T stages*? and
the reported neck metastasis rate ranges from 20% to 33%,'>'* the
paucity of lymphatic drainage in the glottis region results in low rates
of cervical involvement, with 0.4%-6.5% GSCC cases initially pre-
senting with neck metastases from the literature.}213151 |n our
research, 67 (5.1%) of 1319 patients [15 (1.6%) from the 925 patients
who had T1-T2 diseases and the other 52 (13.2%) from the
394 patients who had T3-T4 diseases) had pathologically confirmed

719
All patients Non-LNM group LNM group
n =394 % n =330 % n =64 % P-value
429
210 53.3 173 524 37 57.8
184 46.7 157 47.6 27 42.2
451
12 3.0 11 3.3 1 1.6
382 97.0 319 96.7 63 98.4
311
113 28.7 98 29.7 15 234
281 71.3 232 70.3 49 76.6
.840
220 55.8 185 56.1 35 54.7
174 44.2 145 43.9 29 45.3
.688
321 81.5 270 81.8 51 79.7
73 18.5 60 18.2 13 20.3
.877
374 94.9 313 94.8 61 95.3
20 5.1 17 52 3 4.7
013
300 76.1 259 785 41 64.1
94 23.9 71 215 23 35.9
.030
178 45.2 157 47.6 21 32.8
216 54.8 173 52.4 43 67.2
.000
130 33.0 123 37.3 7 10.9
264 67.0 207 62.7 57 89.1
.000
123 31.2 118 35.8 5 7.8
271 68.8 212 64.2 59 922

LNM. Meanwhile, 17 patients (5 from patients with T1-T2 stages and
12 from patients with T3-T4 stages) were diagnosed with LNM by
imaging and pathological examination during the post-operative
follow-up within 6 months from initial surgery and were identified as
having occult neck involvement at the time of initial treatment and
categorized as the LNM group. In total, 84 (6.4%) patients were
defined as having cervical LNM at the time of initial diagnosis in our
cohort. Considering that the presence of neck metastasis is predictive
of a high recurrence rate and poor prognosis for patients with laryn-
geal carcinoma, the management of the neck region is key to the suc-
cessful treatment of GSCC.Y”

The preferred treatment options for patients with early stage
GSCC include transoral endoscopic surgery and radical radiation ther-
apy. Existing literature has compared the two approaches,>*®1? but
there is little evidence definitively favoring one treatment, making

both of the two approaches acceptable options. Regardless of the
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TABLE 3 Univariate and multivariate analyses for T3-T4 GSCC patients
Univariate analysis Multivariate analysis
Factors selected Hazard ratio (95% ClI) P-value Hazard ratio (95% Cl) P-value
Age 430
260 vs. <60 1.244 (0.724-2.136)
Sex 461
Female vs. male 2.172(0.276-17.128)
History of smoking 312
Yes vs. no 1.380(0.739-2.577)
History of alcohol drinking .840
Yes vs. no 1.057 (0.617-1.810)
History of hypertension .688
Yes vs. no 1.147 (0.587-2.242)
History of diabetes .877
Yes vs. no 0.905 (0.257-3.185)
T stage .015 .602
T4 vs. T3 2.046 (1.152-3.634) 1.178 (0.635-2.185)
Differentiation .032 .025
Low/moderate vs. high 1.858 (1.056-3.269) 1.951 (1.086-3.505)
Maximum tumor diameter (MTD) .000 .032
>2.0cmyvs. <2.0cm 4.839 (2.139-10.943) 2.649 (1.085-6.469)
Tumor invasive depth .000 .005
21.0cmyvs. <1.0cm 6.568 (2.565-16.818) 4.267 (1.558-11.689)
(A) , 0 0 20 3 40 5 6 70 8 9 100 (B) 12
oints N
Moderate/low 2]
Differentiation r J
High
>20
MTD ] Z o
=20 2 AUC #0.716
>21.0 S
Depth r ) (2
<1.0
Total points r T T T T T T 02
0 20 40 60 80 100 120 140 160 180 200 220 240
Diagnostic possibility —_————
01 02 03 0000 02 04 06 08 10
& 1 - Specificity
€) — 7 (D)
)
1
% © | Clinical T1-T2 Clinical T3-T4
8 © GSCC patients GSCC patients
g S Risk-Scoring Model
<
o~ — 1
= . Hooaramte Extremely low risk Low risk High risk
______ ’ of occult LNM (total point <150) (total point >150)
o |
< )} T T T T T l ] l
00 02 04 06 08 10 [ Closefolowup | [ Closefolowup | [ ProphylacticpRT |

Predicted probability

FIGURE 2 Construction, assessment, and validation of the predictive model. (A) The nomogram for predicting occult LNM risk in GSCC
patients with T3-T4 stages. (B) The ROC curve and AUC of the nomogram; ROC receiver operating characteristics. (C) The calibration curve of
the nomogram for predicting occult LNM risk. Actual probability is plotted on the y-axis, and nomogram predicted probability on the x-axis.
(D) Risk stratification and postoperative adjuvant radiotherapy strategy for GSCC patients
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TABLE 4 Postoperative risk All T3-T4 GSSC patients (N = 394)
stratification of T3-T4 GSCC patients
Low risk (total point <150) High risk (total point >150)
(N=172, %) (N =222, %) P-value
Negative LNM 164 (95.3) 166 (74.8) .000
Positive LNM 8(4.7) 56 (25.2)

primary treatment option, prophylactic intervention of the clinically
negative neck in patients with early stage GSCC is usually not rec-
ommended.?° Pinilla et al. and Howell-Burke et al. reported an occult
neck involvement rate of 2.3% and 4.3% in clinical T2NO GSCC
patients, respectively?!; two other studies also found that none of the
patients with early stage glottic carcinomas showed occult LNM in
their series.?>?% In our research, neck metastasis was proved to be
present at initial diagnosis in 20 (2.2%) cases among all T1-T2 GSCC
patients. For the 895 patients with clinical T1-2NO stage who
received primary tumor resection alone, positive LNM was only
detected in five patients by follow-up 6 months after initial surgery,
with an occult LNM rate of just 0.6%. Thus, our study supports the
concept that prophylactic intervention is unnecessary for patients
with early GSCC.

The management of the NO neck in patients with T3-4 laryngeal
squamous cell carcinoma still remains controversial. No specific indi-
cations for prophylactic neck dissection in those patients have been
established.® Even though GSCC exhibits an extremely low neck
metastasis rate compared to supraglottic carcinoma,?* cervical lymph
node recurrence still occurred in some patients, which raises the pos-
sibility of occult neck involvement at the time of initial diagnosis. Sev-
eral studies have reported that the incidence of occult LNM in
patients with cT3-4NO laryngeal cancer was no less than 20%.81911
Moreover, technological developments in radiation, such as intensity-
modulated radiation therapy (IMRT) and volumetric modulated arc
therapy (VMAT), significantly decrease morbidity associated with pro-
phylactic treatment of the neck.2>~2” Thus, selecting the right patients
who are at high-risk of developing occult LNM to avoid the potential
neck recurrence seems to be a better strategy than a routinely per-
formed prophylactic radiotherapy of the neck region or blindly con-
ducted “wait and see” protocol for cT3-4NO GSCC patients.
However, literature that quantitatively evaluated the risk of occult
LNM among GSCC patients with advanced T stages remains scarce. In
our research, three variables, including tumor differentiation, MTD,
and tumor invasive depth, were confirmed to be independent risk fac-
tors for LNM for T3-4 GSCC patients in our study, and a predictive
model was established based on the above-mentioned three variables
to quantitatively measure the possibility of occult LNM in T3-4 GSCC
patients using a convenient method named nomogram, which is often
applied for making a prediction of clinical disease diagnosis with no
assistance of computer software.?® Our newly created model was
confirmed to be efficacious by both the C-index and calibration curve.
Considering that the three selected variables can be obtained not only
by pathologic diagnosis after surgical resection, but also by tissue

biopsy and imageological diagnosis before treatment, our predictive

model can be applicable regardless of the primary treatment option
(surgery or radical radiotherapy). Every patient can get a total risk
score for quantifying the risk of occult LNM according to our model.
Two subgroups [low (<150, with LNM rate of 4.7%) and high-risk
(>150, with LNM rate of 25.2%) groups] were formed and confirmed
to be rational (P < .001).

Finally, we established a detailed strategy selection flow chart for
occult neck involvement risk assessment for GSCC patients with
node-negative necks. For patients with T1-2 disease, considering the
extremely low incidence rate of occult LNM, preventive interventions
such as elective LND and prophylactic radiotherapy for neck regions
are not recommended to avoid unnecessary postoperative complica-
tions and radiation-related toxicity. Patients can be assessed using our
nomogram. For those grouped into low-risk groups, an observational
strategy should be conducted. However, for those grouped into high-
risk subgroups, considering the high probability of neck involvement,
a prophylactic dose of radiation for the ipsilateral neck region is rec-
ommended to minimize the complication risk brought by radiation on
the premise of occult neck involvement control.

We also did research on the contralateral lymph node involve-
ment rate for patients with GSCC. The results showed that cLNM was
extremely rare in T1-T2 GSCC patients, and the cLNM rates for T3
and T4 patients were 2.0% and 6.3%, respectively. In view of the low
contralateral involvement rate, prophylactic treatment for contralat-
eral neck is also unnecessary for patients with clinically negative con-

tralateral neck results.

5 | CONCLUSION

Our study is the first to quantitatively assess the risk of occult LNM
in T3-T4 GSCC patients. A treatment strategy selection flow chart is
established for all GSCC patients with clinically negative neck
involvement, which may aid in clinical decision-making for those

patients.

6 | LIMITATIONS

Several limitations may still remain in our research. First of all, because
of the retrospective nature, selection bias is inevitable. Second, our
predictive model was validated by 1000 bootstrapping, which leads to
the lack of external validation. Thirdly, all patients enrolled were all
from one single medical center, and more data from multicenter pro-

spective study are needed to confirm our results.
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