Impact of lymph node density on prognosis of advanced laryngeal
carcinoma with nodal metastasis
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ABSTRACT

Objective: To determine the prognostic value of lymph node density (LND) as a predictor for tumor recurrence in patients
with advanced laryngeal carcinoma undergoing curative surgery.

Patients and Methods: This is a prospective study, included 87 patients, diagnosed with locally advanced laryngeal
carcinoma (T3 & T4a) and carried out total laryngectomy with neck dissection, presented to otorhinolaryngology
outpatient clinic at faculty of medicine, Cairo university, Egypt, between June 2018 and May 2019. LND was determined
by calculating the ratio between number of resected lymph nodes (LNs) positive for malignancy and total number of
resected LNs. The mean follow up duration for tumor recurrence was 24 months (range 17 — 29 months).

Results: LND, number of positive LNs, involved surgical margins, presence of metastatic LNs and adjuvant chemoradiation
were statistically significant predictors for disease recurrence in univariate analysis. LND was the only independent
predictor of recurrence in pathologically positive neck node (pN+) patients in multivariate analysis. In patients with
LND > 0.066, hazard ratio for disease recurrence was 3.887 (P=0.021), and for nodal recurrence was 6.453 (P=0.008),
reaching LND > 0.25 significantly increased hazard ratio for recurrence to 5.838 (P=0.001), and for nodal recurrence to
9.329 (P=0.001) compared with pNO cases.

Conclusion: LND was found to be the only independent predictor for disease recurrence in pN+ laryngeal cancer. LND
should be used complementary to the conventional TNM staging to assess the precise risk of treatment failure and planning
of possible postoperative adjuvant treatment.
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INTRODUCTION

Head & neck cancers account for 3-7 % of malignancies.
Laryngeal squamous cell carcinoma (SCC) is among the
most common head & neck cancers, representing about
1-2% of all body cancers and is the 2nd most common
cancer of the respiratory tract following lung carcinomat'l.

The prognosis of laryngeal SCC after laryngectomy
is commonly assessed by presence of LN metastasis,
pTNM stage, site of origin and resection margins!?.
Recently, LND has emerged as a prognostic factor for
laryngeal cancer™”. LND is defined as the ratio of number
of positive LNs to the total number of resected LNs.
Follow up for tumor recurrence is most important in the
first 2 years postoperatively and is generally valuable for
5 years postoperatively. 50% of tumor recurrence after
laryngectomy occurs during the first 8.8 months, more than
60% within the first year and more than 90% occurs within
the first 2 years(®l.
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We prospectively evaluated LND in patients with
advanced laryngeal cancer undergoing curative surgery
and investigated its relation to tumor recurrence.

PATIENTS AND METHODS:

2.1 Patients selection

We prospectively investigated 104 patients, newly
diagnosed with locally advanced laryngeal SCC
(T3, T4a) and candidate for total laryngectomy with either
comprehensive or selective neck dissection, presented to
otorhinolaryngology department, Cairo university, Egypt;
which is a tertiary multidisciplinary referral center for
advanced otolaryngologic surgeries, in the period from
June 2018 to May 2019. 87 patients were included in this
study. Exclusion criteria were: Patients refusing or unfit
for surgery (n=2), non SCC of the larynx (n=1), patients
with distant metastasis (n=1), previous treatment including
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radiotherapy, chemoradiation or partial laryngeal surgery
(n=3), patients amenable for partial laryngeal surgery (n=2),
nodal yield <6 for unilateral selective neck dissection and
<10 for unilateral radical neck dissection (n=5) and missed
follow up before 12 months postoperatively (n=3). Written
consent for all patients was obtained after full explanation of
the operation and other alternatives. Patients demographic
& clinicopathologic data, treatment and follow up details
were recorded.

2.2 Treatment

All included patients underwent total laryngectomy. In
addition, patients with clinically NO neck had selective neck
dissection for levels II-IV. Patients with N+ve neck had
comprehensive neck dissection. Cases with supraglottic &
transglottic involvement or contralateral suspicious nodes
had bilateral neck dissections. Specimens were excised en
bloc.

Adjuvant radiotherapy was administered to patients
with nodal metastasis, close surgical margins and
extralaryngeal tumor invasion with free surgical margins.
While adjuvant chemoradiation was given for tumors with
pathologic risk factors including positive surgical margins
or LN metastasis with extracapsular extension. Adjuvant
treatment typically started 6 to 8 weeks after surgery.

2.3 Follow up

The mean follow up duration was 24 months (range
17-29 months). The outcome measures included any
form of tumor recurrence within the follow up period.
Follow up period was measured from the date of surgery
until the last follow up visit or death. Follow up for tumor
recurrence was done every 3 months. Follow up visits
included detailed history taking, and full head and neck
examination. For any suspected locoregional or distant
recurrence, imaging and/or pathological sampling in
the form of FNAC/histopathological examination from
suspicious lesions were performed as needed.

2.4 Statistical analysis

LND was determined by calculating the ratio between
number of excised malignant LNs and total number of
excised LNs, regardless whether unilateral or bilateral
neck dissection was performed.

Predictors of tumor recurrence were determined using
Coxregression analysis to calculate their hazard ratios (HRs)
& 95% confidence intervals. The main potential predictors
of recurrence that were evaluated are LND, number of +ve
resected LNs for malignancy and pathologic N stage. Other
factors were evaluated including age, sex, histologic grade,
pathologic T stage, surgical margins, nodal extracapsular
extension and adjuvant treatment. Statistically significant

factors associated with tumor recurrence in the univariate
analysis were further submitted to multivariate regression
analysis through the Cox regression model to estimate
independent prognostic factors.

LNR was measured as a continuous variable. Furtherly,
we proceeded to determine the most appropriate cut off
point for categorizing LNR to high and low risk groups.
ROC (Receiver Operating Characteristic) curve was used
to estimate best cut off value of LN density for detection
of recurrence rate using the area under the ROC curve
as criteria. This calculation showed that the best cut off
value for LND was 0.066 (area under the curve 0.668; 95%
confidence interval 0.533 — 0.803) (Figure 1).
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Fig 1: ROC curve for detection of recurrence using LND

For data analysis, SPSS program version 26 was
used (IBM Corp., Armonk, NY, USA). We used mean,
standard deviation, minimum, maximum & median to
describe quantitative data, and frequency & percentage for
categorical data. The non-parametric Mann-Whitney test
was used to compare quantitative variables. To compare
categorical data, Chi square (y2) test was performed.
P-values < 0.05 were considered statistically significant.

RESULTS:

3.1 Clinicopathologic and treatment characteristics

The study included 87 patients, 84 males & 3 females,
mean age was 59 years (range 36 — 83 years), the mean
follow up duration was 24 months (range 17 — 29 months).
(Table 1) Summarizes clinicopathologic and treatment
characteristics of the study group and their relation to
tumor recurrence.
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Table 1: Summary of clinicopathologic and treatment characteristics and their relation to tumor recurrence: A-Categorical factors,
B-Quantitative factors.

Recurrence
Whole study
yes no Pvalue
Count % Count % Count %
Sex Male 84 96.6 25 29.8% 59 70.2%
1

Female 3 34 1 33.3% 2 66.7%

Type of ND Selective 61 70.1% 18 29.5% 43 70.5%
0.906

Comprehensive 26 29.9% 9 30.8% 18 69.2%

Contralateral ND Selective 40 46.0% 12 30.0% 28 70.0%
0.983

No 47 54.0% 14 29.8% 33 70.2%

Lymph nodes +ve 36 41.4% 15 41.7% 21 58.3%
0.044

-ve 51 58.6% 11 21.6% 40 78.4%

pT stage 3 32 36.8% 8 25.0% 24 75.0%
0.448

4a 55 63.2% 18 32.7% 37 67.3%

pN stage 0 51 58.6% 11 21.6% 40 78.4%

1 10 11.5% 3 30.0% 7 70.0%
2a 5 5.7% 2 40.0% 3 60.0% 0.213

2b 10 11.5% 4 40.0% 6 60.0%

2c 11 12.6% 6 54.5% 5 45.5%

Histological grade Well 4 4.6% 1 25.0% 3 75.0%

(differentiation)

Poor 9 10.3% 4 44.4% 5 55.6% 0.689

Moderate 74 85.1% 21 28.4% 53 71.6%

Margins Positive 4 4.6% 3 75.0% 1 25.0%
Close 1 1.1% 1 100.0% 0 0.0% 0.026

Negative 82 94.3% 22 26.8% 60 73.2%

Extracapsular Positive 3 3.4% 2 66.7% 1 33.3%
extension 0.212

Negative 84 96.6% 24 28.6% 60 71.4%
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Adjuvant RT Yes 75 86.2% 23 30.7% 52 69.3%
1
No 12 13.8% 3 25.0% 9 75.0%
Adjuvant Yes 8 9.2% 7 63.6% 4 36.4%
Chemoradiation 0.014
No 79 90.8% 19 25.0% 57 75.0%
LND <0.066 61 70.1% 12 19.7% 49 80.3%
0.001
>0.066 26 29.9% 14 53.8% 12 46.2%
(A)
Recurrence
P
Yes No value
Mean SD Median Min Max Mean SD Median Min Max
Age 59.04 10.88 57.50 36.00 82.00 59.08 9.50 60.00 40.00 83.00 0.738
No of LNs 19.81 10.83 15.50 7.00 45.00 21.10 9.93 19.00 10.00 54.00 0.358
No of +ve 2.62 342 1.00 0.00 10.00 0.87 1.63 0.00 0.00 7.00 0.012
LNs
LND in 23.57 18.79 18.75 4.44 66.67 10.78 8.31 9.09 2.38 28.57 0.007
pN+ cases
(B)

3.2 Recurrence

Among all study group, recurrence occurred in 26
patients out of 87 (29.89%). Among the 51 patients
with pathologically negative LN for malignancy (pN-),
tumor recurrence was observed in 11 patients (21.57%)
while among the 36 pN+ patients, tumor recurrence was
observed in 15 patients (41.67%). Locoregional recurrence (A)
occurred in 25 patients: local in 9, regional in 10, and both
local and regional recurrence in 6. Distant lung metastases
occurred in 2 patients, one of them alone while the other in
addition to nodal recurrence. Figures 2 & 3 show samples
of locoregional recurrence detected on imaging.

Fig 2: 2 CT neck studies (A & B) done at radiology department,
Cairo University hospital showing local recurrence after
laryngectomy with neck dissection for laryngeal SCC

(B)
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Fig 3: 2 CT neck studies (A & B) done at radiology department,
Cairo University hospital showing nodal recurrence after

laryngectomy with neck dissection for laryngeal SCC

A

(B)

3.3 Predictors of treatment failure

The univariate analysis revealed that LND, number
of positive LNs, involved surgical margins, presence
of metastatic LNs and adjuvant chemoradiation were
statistically significant predictors for disease recurrence.
Incidence of disease recurrence was significantly higher in
patients receiving adjuvant chemoradiation, however this
is most probably because adjuvant chemoradiation was
given only to patients with other poor prognostic factors.
The relation between different treatment and pathologic
factors and tumor recurrence is summarized in (Table 1).

To further evaluate the impact of prognostic variables,
the prognostic variables significantly associated with
recurrence in the univariate analysis were included in
a forward stepwise Cox regression analysis to detect
independent predictors of recurrence. LND, number of
positive LNs, positive surgical margins and adjuvant
chemotherapy were significantly associated with disease
recurrence in univariate analysis and were included in
the multivariate Cox regression analysis. It revealed that
LND>0.066 remained the only significant independent
factor for overall disease recurrence (HR 3.887, CI: 1.23 —
12.29, P=0.021) (Table 2). Similarly, LND>0.066 was the
only significant independent factor for nodal recurrence
(HR 6.453, CI: 1.625 — 25.625, P=0.008).

Table 2: Univariate and multivariate Cox regression analysis to identify independent predictors for recurrence

Univariate Multivariate
Recurrence 95%ClI
P value HR P value HR
Lower Upper Lower Upper
LND >0.066 0.001 3.657 1.685 7.933 0.021 3.887 1.230 12.288
Adjuvant CTH 0.008 3.232 1.354 7.717 0.238 2.107 0.612 7.258
No. of +ve LNs 0.002 1.204 1.072 1.354 0.993 0.999 0.827 1.207
Positive 0.008 5.239 1.542 17.804 0.243 2.652 0.515 13.656
Margins

Close 0.228 3.438 0.462 25.558 0.358 2.969 0.292 30.230
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3.4 Impact of lymph node density

Regarding pN+ patients, LND was statistically
significant predictor of overall treatment failure and nodal
recurrence, however had no significant relation with local
recurrence alone. Mean LND in pN+ patients with disease
recurrence was 0.236, while in patients without disease
recurrence was 0.108 (P=0.007). Similarly mean LND in
pN+ patients with nodal recurrence was 0.264, while in
patients without nodal recurrence was 0.116 (P=0.009).
However mean LND in pN+ patients with local recurrence
alone was 0.159 compared to 0.162 in the rest of patients,
showing no significant relation between LND and local
recurrence alone.

The pN+ patients were then categorized into two
groups, with LND < 0.066 and LND > 0.066, using ROC
curve. Figure 4 shows incidence of recurrence with LND >
0.066 versus < 0.066.

Fig 4: Incidence of recurrence with LND above and below 0.066
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More increase in LND had led to increased incidence
of overall recurrence and more obviously nodal recurrence.
Regarding overall recurrence, reaching LND > 0.25
significantly increased HR to 5.838 (P=0.001) compared
with pNO cases. Regarding nodal recurrence, LND of 0.15-
0.25 significantly increased HR to 5.065 (P=0.026) and
LND > 0.25 significantly increased HR to 9.329 (P=0.001)
(Table 3).

Table 3: Incidence overall recurrence & nodal recurrence with increasing LND

Recurrence No recurrence 95% CI
LND P value HR
Count % Count % Lower Upper
Overall 0 11 21.6% 40 78.4% Reference
recurrence
>0 -0.05 1 12.5% 7 87.5% 0.564 0.548 0.071 4.242
0.05-0.15 5 35.7% 9 64.3% 0.211 1.966 0.683 5.660
0.15-0.25 4 57.1% 3 42.9% 0.053 3.093 0.984 9.720
>0.25 5 71.4% 2 28.6% 0.001 5.838 1.996 17.069
Nodal 0 5 9.8% 46 90.2% Reference
recurrence
>0-0.05 0 0.0% 8 100.0% 0.984 0.000 0.000 0.000
0.05-0.15 4 28.6% 10 71.4% 0.069 3.384 0.908 12.611
0.15-0.25 3 42.9% 4 57.1% 0.026 5.065 1.209 21.220

>0.25 4 57.1% 3

42.9% 0.001 9.329 2.458 35.412
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DISCUSSION

Treatment of advanced laryngeal SCC (T3, T4a)
involves either total laryngectomy with elective
or therapeutic neck dissection, or concurrent
chemoradiation aiming for organ preservation
especially if laryngeal cartilage is not invaded to the
surrounding tissues with low tumor load. Curative
surgery remains the gold standard of care for advanced
laryngeal carcinoma in our institution; faculty of
medicine, Cairo University. This is mainly due to the
limitations in the efficacy of chemoradiation in locally
advanced cases with invasion of laryngeal skeleton,
which unfortunately constitute majority of presenting
cases at our community. In addition to complications
of chemotherapy limiting its use in elderly patients.
Moreover, Salvage surgery is the only option for
curative treatment after failure of chemoradiation® 'l

In this study, incidence of disease recurrence in
pN+ patients was 41.7%, which is nearly double that
in pNO patients which was 21.6%, difference was
statistically significant (P=0.044). This agrees with
the previous studies that presence of LN metastasis
worsens prognosis by about 50%. However, with

metastatic cervical LNs, pathologic nodal stage does
not necessarily predict prognosis. Recently, LND
has emerged as possible prognostic factor in pN+
laryngeal cancer, which may be have an important
impact on adjuvant treatment decisiont!!-"31,

Five previous studies discussed impact of LND
on prognosis of pN+ laryngeal cancer. (Table 4)
Shows brief summary for results of previous studies
discussing impact of LND on prognosis of laryngeal
cancer*7l. Our results agree with most of the previous
studies that LND is an independent prognostic factor in
laryngeal cancer with nodal metastasis, and advocates
its use complementary to the conventional TNM
staging. Only Kunzel et al suggested that LND seems
to have limited role in deciding adjuvant treatment in
laryngeal cancer patients in comparison with other
locations, & prospective trials are needed to be able
to offer evidence based recommendations for adjuvant
treatment based on the LND. Nearly all previous
studies were retrospective, which was stated in most
of them to lead to potential bias and pointed to the
need for future prospective studies. To our knowledge,
our study is the first prospective study to assess impact
of LND on prognosis of pN+ laryngeal cancer.

Table 4: Brief summary for results of previous studies discussing impact of LND on prognosis of laryngeal cancer

. Outcome Significant factors
Study Design No of cases o ) o )
measures Univariate analysis Multivariate analysis
Ryuetal., 2014 Retrospective Total: 156 Cancer specific :I]:II;HZf +ve LNs *LND only,
yuetak, P N+: 71 mortality *Extralaryngeal spread cut off 0.044
Reviewed N+ cases % % .
Wang et al., 2014 Retrospective only: 1963  from *LND . . LND, 2 cut offs: 0.09,
TNM classification 0.20
SEER database Cause A *TNM
specific £e . .
) survival *Black race classification
Prospective 27 patients *Primary site *Age
part *Histological grade *Black race
. *LND *pN
Reviewed
. (0N *T *LND, cut off 0.09
Kunzel et al., 2015 Retropective I(:E c'azsgs2 DFS *pN (Suggested LND
¥ *Extracapsular extension has limited value)
. *LND
Imre et al., 2016 Retrospective ITIT?II.02189 SIES *No of +ve LNs *LND only, cut off 0.09
’ *pN for OS but not DFS
*LND %
*Presence of +ve LNs *Eﬁz’czugog r0'06
*Extracapsular extension thn ; f U
Total: 186 0S ++ve margins iSI?losk?ng for DFS
Petrarolha ef al., 2020 Retrospective o *Lymphovascular invasion
N+ 84 DFS *Perineural invasion for E;t ?i(r)lt OrSl
OS but not DFS invasion for OS but
*Smoking for DFS but not
oS not DFS
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In this study; LND, number of positive LN,
involved surgical margins, adjuvant chemoradiation
and presence of metastatic LNs were the statistically
significant predictors for disease recurrence in
univariate analysis. LND remained the only significant
independent factor for disease recurrence in pN+
patients in multivariate analysis. LND was statistically
significant predictor of overall treatment failure and
nodal recurrence, however had no significant relation
with local recurrence alone. Best LND cut off value to
classify patients into high and low risk for recurrence
was calculated to be 0.066. For patients with LND >
0.066, HR for overall disease recurrence was 3.887
(P=0.021), while HR for nodal recurrence was 6.453
(P=0.008).

LND is believed to be superior to number of
metastatic LNs as predictor for prognosis of laryngeal
cancer. It includes not only the magnitude of LN
metastasis but also the extent of nodal dissection with
subsequent possible effect on prognosis. By evaluating
the total number of LNs removed during surgery beside
the number of positive LNs, the ratio compensates
for the possible bias for number of positive LNs with
limited neck dissection. Many studies have shown
LND to be better prognostic factor than pathologic
nodal staging and number of positive LNs in other
types of cancers like oral cavity and urinary bladder
cancerst'*s]. LND has some limitations. Its value
is affected by the magnitude of neck dissection and
the pathology technique used, which may include
more sensitive methods like serial sectioning or PCR.
A minimum number of removed LNs needs to be
determined to define the procedure as neck dissection
and rely on LND. The seventh edition of the AJCC
Cancer Staging Manual stated that: "A selective neck
dissection will ordinarily include six or more lymph
nodes and a radical or modified radical neck dissection
will ordinarily include 10 or more lymph nodes."
However, reported numbers of LN yield vary greatly
between different reports!'®17,

Limitations of our study include our limited
number of patients, being done in one institution
and relatively short follow wup interval. Future
studies including more number of patients with
longer follow up, and in multiple institutions with
multiple operators for neck dissection and different
pathologists are needed to further validate the effect of
LND on prognosis of patients with advanced laryngeal
carcinoma, and better determine the best LND cut offs
to categorize patients into high and low risk groups,
for its use complementary to the conventional TNM
classification for decision making regarding operative
and postoperative treatment of patients with advanced
laryngeal cancer.

CONCLUSION

Lymph node density (LND) was the only
independent predictor for disease recurrence in pN+
laryngeal cancer in our study. With LND > 0.066,
HR for disease recurrence was 3.887 (P=0.021),
and for nodal recurrence was 6.453 (P=0.008). We
also confirmed that presence of positive LNs nearly
doubles the recurrence rate compared to NO tumors in
patients with advanced laryngeal SCC. However, with
metastatic cervical LNs, pathologic nodal stage does
not necessarily predict prognosis. LND should be used
complementary to the conventional TNM staging to
assess the precise risk of treatment failure and planning
of possible postoperative adjuvant treatment.
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