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ABSTRACT

Purpose. There is evidence to suggest that a nodal yield\18

is an independent prognostic factor in patients with clinically

node negative (cN0) oral squamous cell carcinoma (SCC)

treated with elective neck dissection (END). We sought to

evaluate this hypothesis with external validation and to

investigate for heterogeneity between institutions.

Patients and Methods. We analyzed pooled individual

data from 1,567 patients treated at nine comprehensive

cancer centers worldwide between 1970 and 2011. Nodal

yield was assessed with Cox proportional hazard models,

stratified by study center, and adjusted for age, sex, patho-

logical T and N stage, margin status, extracapsular nodal

spread, time period of primary treatment, and adjuvant

therapy. Two-stage random-effects meta-analyses were

used to investigate for heterogeneity between institutions.

Results. In multivariable analyses of patients undergoing

selective neck dissection, nodal yield\18 was associated with

reduced overall survival [hazard ratio (HR) 1.69; 95 % con-

fidence interval (CI) 1.22–2.34; p = 0.002] and disease-

specific survival (HR 1.88; 95 % CI 1.21–2.91; p = 0.005),

and increased risk of locoregional recurrence (HR 1.53; 95 %

CI 1.04–2.26; p = 0.032). Despite significant differences

between institutions in terms of patient clinicopathological

factors, nodal yield, and outcomes, random-effects meta-

analysis demonstrated no evidence of heterogeneity between

centers in regards to the impact of nodal yield on disease-

specific survival (p = 0.663; I2 statistic = 0).

Conclusion. Our data confirm that nodal yield is a robust

independent prognostic factor in patients undergoing END

for cN0 oral SCC, and may be applied irrespective of the

underlying patient population and treating institution. A

minimum adequate lymphadenectomy in this setting

should include at least 18 nodes.

Each year an estimated 263,000 cases of oral cavity

squamous cell carcinoma (SCC) occur worldwide, and over
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127,000 patients die from the disease.1 In most institutions,

treatment comprises primary surgical resection with

administration of adjuvant therapy tailored to the individ-

ual risk profile.2,3 In view of the substantial risk of occult

nodal metastases,4,5 elective neck dissection (END) is

performed in the majority of patients who are clinically and

radiologically lymph node negative (cN0), with the

exception of selected thin early-stage tumors.2,3,6 In addi-

tion to the therapeutic benefits, END facilitates

histopathological staging of the neck, which provides

critical prognostic information that also guides decisions

regarding adjuvant therapy.2,3

The extent of regional lymph node dissection, as

defined by the nodal yield, has been shown to be an

important prognostic factor in a number of cancers,

including bladder,7,8 breast,9 colorectal,10,11 gastric,12

and esophageal.13,14 A previous single-institution ana-

lysis demonstrated that retrieval of less than 18 nodes

after END is an independent adverse prognostic factor in

patients with oral SCC.15 However, several important

questions remain unanswered due to the limited statis-

tical power of that study. First, the prognostic value of

nodal yield in the subgroup of patients with pathologi-

cally node-negative disease (pN0) could not be

definitively established. Second, it is unclear if low

nodal yields are associated with increased regional fail-

ure rates, suggesting that undertreatment of occult neck

disease is responsible for the adverse survival outcomes.

Finally, there may be substantial variability in nodal

yield after END between different surgeons, patholo-

gists, and institutions. Hence, it remains uncertain

whether the minimum standard of care for adequate

lymphadenectomy in this setting may be defined by the

retrieval of at least 18 nodes irrespective of the treating

institution.

The primary aim of this study was to validate the nodal

yield as an independent prognostic factor after END for oral

SCC in an analysis of pooled data from multiple international

comprehensive cancer centers. Our secondary aims were

threefold. First, to determine if nodal yield is prognostic in

the subgroup of patients with pN0 disease. Second, to

establish whether low nodal yields are associated with

increased rates of locoregional recurrence. Third, we aimed

to investigate for sources of heterogeneity between centers in

terms of the prognostic impact of nodal yield.

MATERIALS AND METHODS

Study Population

This multicenter validation study included pooled indi-

vidual patient data from nine comprehensive cancer centers

worldwide. Ethics approval was obtained from local

Institutional Review Board committees of participating

centers. We identified 2,221 patients with cN0 oral SCC

undergoing surgical resection of the primary tumor and

END with curative intent as candidates for inclusion. After

excluding cases with neoadjuvant therapy, perioperative

mortality, lack of follow-up data, age \20 years, or inad-

equate information to determine nodal yield, the final study

population consisted of 1,567 patients treated between

1970 and 2011.

Histopathological Analysis

Nodal evaluation was performed by pathologists expe-

rienced in the examination of head and neck tumors. The

original pathology reports were reviewed to determine

nodal yield. In patients where a bilateral neck dissection

was performed (n = 192), the average of the two sides was

used. We assumed some heterogeneity in specimen dis-

section and tissue handling in view of the extended time

period of the study as well as the number of involved

institutions, surgeons, and pathologists.

Statistical Analysis

Statistical analysis was performed using Stata version

12.0 SE (StataCorp LP, College Station, TX, USA). All

statistics were two-sided and a p value of \0.05 was con-

sidered statistically significant. Overall survival was

calculated from the date of surgery to the date of death or

last follow-up. For disease-specific survival, patients who

died from causes other than oral SCC were censored at the

time of death. Locoregional recurrence was defined as

pathologically proven tumor relapse in the primary site or

neck. Differences in survival and locoregional failure rates

were determined using univariate Cox regression analysis,

and survival curves generated using the Kaplan–Meier

method when appropriate. Nodal yield was analyzed as a

binary variable (\18, C18) based on previous findings.15

Other covariates of interest included age at diagnosis

(continuous), sex, pathological T (pT) stage (T1–4), path-

ological N (pN) stage (N1–3), surgical margin status [clear,

close (\5 mm), involved], extracapsular nodal spread

(absent, present), time period of primary treatment

(1970–1979, 1980–1989, 1990–1999, 2000–2011), and

adjuvant therapy [nil, radiotherapy (RT) alone, chemora-

diotherapy (CRT), RT ? cetuximab]. A Cox proportional

hazards model, stratified by study center and adjusted for

the effect of these covariates was used to determine if nodal

yield is an independent prognostic factor. Model diagnos-

tics were performed to check for linearity of continuous

predictors and the proportional hazards assumption.
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Several sensitivity analyses were performed to assess

the robustness of our findings. First, we limited the analysis

to patients treated from the year 2000 onwards in whom

preoperative staging, surgical and pathological techniques,

and adjuvant therapy are likely to better reflect contem-

porary practice. Second, in view of the large differences in

nodal yield observed between institutions, we repeated the

analysis based on a binary nodal yield variable with a

cutoff at the 25th percentile specific to each center. This

percentile was used by the authors of the original study to

arrive at a cutoff of 18 nodes.15 Finally, we performed an

analysis restricted to patients undergoing selective neck

dissection, SND (levels I–III or I–IV) since this reflects the

current surgical approach to the cN0 neck.

Next, we used a two-stage random-effects modeling

approach to investigate for the presence and sources of

heterogeneity between centers in terms of the prognostic

impact of nodal yield.16 At the first stage, the effect of

nodal yield on disease-specific survival was determined for

each center using Cox proportional hazards models

adjusting for age (continuous), pT stage (T1–2, T3–4), pN

stage, extracapsular spread (ECS), postoperative RT, and

year of primary treatment. At the second stage of analysis,

the center-specific estimates were introduced into the ran-

dom-effects model of DerSimonian and Laird,17 which

allows for unexplained sources of heterogeneity between

centers. Heterogeneity across centers was assessed using

Cochran’s Q test (p \ 0.1 was considered statistically

significant given the test has limited power) and quantified

using the I2 measure (the percentage of total variation

across centers attributable to heterogeneity rather than

chance).18

RESULTS

Patient Demographics

The study cohort consisted of 1,567 patients with oral SCC,

including 1,263 men and 304 women, with a median age of

55 years (range 22.0–93.2 years) and median follow-up of

67 months. Adjuvant therapy was administered to 740

(47.3 %) patients. Relevant demographic and clinicopatho-

logical details are summarized in Table 1. A total of 1,759

neck dissections were performed, including 275 comprehen-

sive and 1,484 SNDs. The majority of SNDs included levels I–

III ± IV. The rate of pathological cervical lymph node

involvement was 27.1 %, and 7.7 % of patients had ECS.

Nodal Yield

The mean and median nodal yield per neck dissection

were 31.3 and 30.0, respectively. The mean nodal yield

was higher in younger patients (p \ 0.001) and those

ultimately staged as pN? (p = 0.067). Significant differ-

ences were also noted based on decade of primary

treatment (p \ 0.001). The higher nodal yields in the first

two decades of the study reflect the high rate of

TABLE 1 Patient clinicopathological data

Variables N %

Age (years)

B45 365 23.3

46–55 439 28.0

56–65 390 24.9

C66 373 23.8

Sex

Male 1,263 80.6

Female 304 19.4

Nodal yield

\18 345 22.0

C18 1,222 78.0

Pathological T stages

T1 368 23.5

T2 675 43.1

T3 257 16.4

T4 266 17.0

Pathological N stages

N0 1,143 73.0

N1 220 14.0

N2 204 13.0

TNM stages

I 283 18.1

II 517 33.0

III 382 24.4

IV 357 22.8

Extracapsular nodal spread

Absent 1,377 92.3

Present 115 7.7

Surgical excision margin

Clear 1,300 83.1

Close (\5 mm) 183 11.7

Involved 81 5.2

Adjuvant therapy

No 767 49.0

Radiotherapy 598 38.2

Chemoradiotherapy 136 8.7

Radiotherapy ? cetuximab 64 4.1

Year of primary treatment

1970–1979 50 3.2

1980–1989 121 7.7

1990–1999 284 18.1

2000–2011 1,112 71.0
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comprehensive neck dissections, consistent with surgical

practice at the time. Finally, the mean nodal yield differed

substantially by study center, ranging from 17 to 39.6

nodes (p \ 0.001).

Survival and Locoregional Failure Analyses

The median overall survival was 139 months with 560

deaths, 269 of which were due to oral SCC. Documented

locoregional recurrence occurred in 309 patients. There was

no significant difference in overall survival (p = 0.556),

disease-specific survival (p = 0.280), or locoregional

recurrence (p = 0.638) based on nodal yield (\18 vs. C18)

in univariate analyses. The results of multivariable Cox

proportional hazards regression models stratified by study

center are shown in the ‘baseline’-adjusted analyses of

Table 2. Low nodal yield was an independent predictor of

disease-specific survival [hazard ratio (HR) 1.54; 95 %

confidence interval (CI) 1.10–2.17; p = 0.012] and of

borderline significance for overall survival (HR 1.25; 95 %

CI 0.98–1.60; p = 0.069). There was no statistically sig-

nificant association between nodal yield and locoregional

recurrence (HR 1.24; 95 % CI 0.91–1.68; p = 0.179). As

demonstrated in Fig. 1, patients with nodal yield\18 had a

54 % increased risk of death from oral SCC compared with

those with at least 18 nodes harvested.

Sensitivity Analyses

The fully-adjusted multivariable Cox proportional haz-

ards models were used to perform several sensitivity

analyses for the prognostic significance of nodal yield

(Table 2). First, we assessed nodal yield limiting the ana-

lysis to patients treated from the year 2000 onwards

(N = 1,112). Nodal yield (\18 vs. C18) was a significant

predictor of overall survival (HR 1.48; 95 % CI 1.05–2.08;

p = 0.024) and disease-specific survival (HR 1.84; 95 %

CI 1.16–2.93; p = 0.010) but not locoregional failure (HR

1.29; 95 % CI 0.86–1.95; p = 0.215). Next, we repeated

the analyses using a new binary nodal yield variable, using

a cutoff at the 25th percentile specific to each center, which

ranged from 9 to 29 nodes. Again, nodal yield (lowest

quartile vs. upper three quartiles in each center) was a

significant predictor of overall survival (HR 1.33; 95 % CI

1.09–1.64; p = 0.006) and disease-specific survival (HR

1.49; 95 % CI 1.10–2.01; p = 0.010) but not locoregional

control (HR 1.19; 95 % CI 1.19–1.55; p = 0.217). Finally,

analysis limited to patients undergoing SND showed a

significant association with overall survival (HR 1.69;

95 % CI 1.22–2.34; p = 0.002) and disease-specific

TABLE 2 Multivariable analyses: baseline and sensitivity analyses of the association of nodal yield with survival and locoregional failure

Multivariable analysis Overall survival Disease-specific survival Locoregional failure

HR (95 % CI) p-Value HR (95 % CI) p-Value HR (95 % CI) p-Value

Baseline analysis 1.25 (0.98–1.60) 0.069 1.54 (1.10–2.17) 0.012 1.24 (0.91–1.68) 0.179

Treatment year C2000 1.48 (1.05–2.08) 0.024 1.84 (1.16–2.93) 0.010 1.29 (0.86–1.95) 0.215

Center-specific nodal yielda 1.33 (1.09–1.64) 0.006 1.49 (1.10–2.01) 0.010 1.19 (0.90–1.55) 0.217

SND patients only 1.69 (1.22–2.34) 0.002 1.88 (1.21–2.91) 0.005 1.53 (1.04–2.26) 0.032

Multivariable analyses performed with multivariable Cox regression models adjusting for age in years (age2 also included in models for overall

survival), sex, pathological T stage (T1–4), pathological N stage (N0–2), surgical margin status [clear, close (\5 mm), involved], extracapsular

nodal spread (absent, present), time period of primary treatment (1970–1979, 1980–1989, 1990–1999, 2000–2011), and adjuvant therapy (nil,

radiotherapy alone, chemoradiotherapy, radiotherapy ? cetuximab)

HR hazard ratio, CI confidence interval, SND selective neck dissection
a Center-specific nodal yields were based on a binary variable with a cutoff at the 25th percentile for each institution, ranging from 9 to 29 nodes
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FIG. 1 Cumulative hazard plot demonstrating association between

nodal yield and death due to oral SCC in multivariable Cox regression

analysis, adjusted for age, sex, pathological T stage (T1–4), patho-

logical N stage (N0–2), surgical margin status [clear, close (\5 mm),

involved], extracapsular nodal spread (absent, present), time period of

primary treatment (1970–1979, 1980–1989, 1990–1999, 2000–2011),

and adjuvant therapy (nil, radiotherapy alone, chemoradiotherapy,

radiotherapy ? cetuximab). Patients with nodal yield \18 had an

approximate 54 % increased risk of death from oral SCC compared

with those with C18 nodes harvested. SCC squamous cell carcinoma
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survival (HR 1.88; 95 % CI 1.21–2.91; p = 0.005) as well

as locoregional recurrence (HR 1.53; 95 % CI 1.04–2.26;

p = 0.032).

Investigation of Between-Center Heterogeneity

A two-stage random-effects modeling approach was

then used to investigate for the presence and sources of

heterogeneity between centers specifically in terms of the

prognostic impact of nodal yield on disease-specific sur-

vival. Patients from Brescia, Italy, and Petach Tikva, Israel,

were excluded from this analysis since they had few par-

ticipants and disease-specific deaths. Figure 2 shows the

forest plot from a random-effects meta-analysis demon-

strating a statistically significant summary effect of nodal

yield on disease-specific survival (HR 1.87; 95 % CI

1.30–2.68; p = 0.001) consistent with our earlier results.

Importantly, there was no evidence of heterogeneity

between centers with a non-significant Cochran’s Q test

(p = 0.663) and I2 statistic of 0. Influence analysis was

performed confirming that exclusion of any single-center

data had minimal impact on the summary effect estimate.

Similar results were obtained when the analysis focused on

nodal yields with institution-specific cutoffs at the 25th

percentile.

DISCUSSION

Occult nodal metastases are a critical determinant of

prognosis in cN0 oral SCC.19 In view of the trend toward

increasingly SND in these patients, it is important to

determine the minimum extent of regional lymphadenec-

tomy, as defined by the nodal yield, to ensure the neck is

accurately staged and adequately treated. Based on a sin-

gle-institution experience from the Sydney Head and Neck

Cancer Institute, it was proposed that an adequate lym-

phadenectomy in this setting should include at least 18

nodes.19 In the current study, we were able to validate the

nodal yield as an independent prognostic factor after END

for oral SCC, using pooled individual patient data from

nine comprehensive cancer centers worldwide.

In baseline multivariable analyses, nodal yield \18 was

an independent predictor of reduced disease-specific sur-

vival (HR 1.54; 95 % CI 1.10–2.17; p = 0.012), borderline

significant for overall survival (HR 1.25; 95 % CI

0.98–1.60; p = 0.069), and not associated with locore-

gional recurrence (HR 1.24; 95 % CI 0.91–1.68;

p = 0.179). In view of the substantial heterogeneity in

nodal yield between centers, we repeated the analyses with

nodal yield dichotomized using a cutoff at the 25th per-

centile for each study center, with values ranging from 9 to

29. However, multivariable analyses yielded similar results

to the baseline analysis, suggesting that a single cutoff at

18 nodes is reasonable.

Sensitivity analyses limiting the study population to

patients treated from the year 2000 onwards, and also to

those undergoing SND, provided strong evidence that

nodal yield provides valid prognostic information in the

context of contemporary clinical practice. Importantly, in

patients who underwent SND there was a significant

association between nodal yield and overall survival (HR

1.69; 95 % CI 1.22–2.34; p = 0.002), disease-specific

survival (HR 1.88; 95 % CI 1.21–2.91; p = 0.005), and

locoregional failure (HR 1.53; 95 % CI 1.04–2.26;

p = 0.032). Furthermore, we found no evidence of inter-

action between nodal yield and pN stage (data not shown),

suggesting the results may be applied to both pathologi-

cally node negative and positive patients. The fact that we

Random Effects Meta-analysis: Nodal Yield
<18 versus ≥18 nodes

Random Effects Meta-analysis: Center-specific Nodal Yield
<25th percentile vs ≥25th percentile

Institution

São Paulo, Brazil

Cologne, Germany

Tel Aviv, Israel

Taoyuan, Taiwan

MSKCC, United States

Southern IIIinois, United States

Camargo, São Paulo, Brazil

Overall (I-squared = 0.0%, p = 0.663)

Institution

São Paulo, Brazil

Cologne, Germany

Tel Aviv, Israel

Taoyuan, Taiwan

MSKCC, United States

Southern IIIinois, United States

Camargo, São Paulo, Brazil

Overall (I-squared = 0.0%, p = 0.854)

HR (95% Cl)

1.06 (0.29, 3.87)

2.95 (0.83, 10.48)

1.83 (0.52, 6.43)

1.47 (0.90, 2.40)

1.98 (0.93, 4.22)

4.70 (0.55, 39.79)

1.60 (0.84, 3.07)

1.68 (1.23, 2.29)

.1 1 10

.1 1 10

HR (95% Cl)

1.32 (0.37, 4.68)

2.24 (0.72, 6.95)

2.33 (0.58, 9.35)

1.87 (1.08, 3.24)

2.06 (1.02, 4.18)

4.70 (0.55, 39.79)

0.34 (0.05, 2.48)

1.87 (1.30, 2.68)

FIG. 2 Adjusted HR of death due to oral SCC according to nodal

yield based on a a cutoff of 18 nodes, and b a cutoff at the 25th

percentile for each institution. The summary estimates were obtained

using a random-effects model. The data markers indicate the adjusted

HRs in patients with nodal yield\18 versus C18. The size of the data

markers indicates the weight of the study, which is the inverse

variance of the effect estimate. The diamond data marker indicates

the pooled HR. HR hazard ratio, CI confidence interval, MSKCC

Memorial Sloan-Kettering Cancer Center
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found no evidence of heterogeneity between centers with

regards to the prognostic impact of nodal yield provides

reassurance that it is a robust prognostic factor that may be

applied in diverse clinical settings.

The fact that patients with nodal yield \18 after SND

had an 88 % increased risk of death from oral SCC com-

pared with those with C18 nodes is a cause for concern.

This raises the issue of whether nodal yield information

should be incorporated into decisions regarding adjuvant

therapy. Lending some support to this possibility is the fact

that we were able to demonstrate a significant 53 %

increased risk of locoregional failure in the context of low

nodal yield after SND. However, it remains unclear if the

benefits of escalating adjuvant therapy in this setting are

justified, and future prospective studies are needed before

recommendations for clinical practice can be made.

The prognostic value of nodal yield may be modified by

adjuvant therapy since administration of postoperative RT

should ameliorate the excess risk associated with low nodal

yield if the issue is undertreatment of occult neck disease

resulting in regional failure. However, there was no evi-

dence to support this, with a non-significant interaction

between nodal yield and adjuvant therapy (data not shown).

Although this may be due to inadequate power, an alter-

native explanation is that low nodal yield is a surrogate

marker of compromised surgical and pathological quality

of care,20 or reflects underlying patient factors such as

immunologic response,21,22 rather than purely a risk factor

for residual microscopic nodal disease.

Among the strengths of this study are the large sample

size, the availability of pooled individual patient data, the

diverse study populations included, and the number of

participating institutions. However, there are also several

limitations that must be acknowledged. First, the data are

observational and residual confounding cannot be exclu-

ded. Second, we were unable to standardize factors such as

patient selection, preoperative imaging, and surgical and

pathological technique between institutions.

CONCLUSIONS

In this international multicenter analysis of pooled

individual patient data, we confirmed that the nodal yield is

a robust independent prognostic factor in patients under-

going SND for cN0 oral SCC. We further demonstrated

that the prognostic significance of nodal yield applies to

contemporary clinical practice in a diverse range of settings

and study populations, providing reassurance that the

results may be generalized irrespective of the treating

institution. Not only does the nodal yield provide additional

prognostic information for the clinician, it may also reflect

the adequacy of treatment and staging of the neck, with

potential therapeutic implications that require further

study. On the basis of our results, a minimum adequate

lymphadenectomy in this setting should include at least 18

nodes, although institution-specific cutoffs appear equally

reasonable.

REFERENCES

1. Ferlay J, et al. Estimates of worldwide burden of cancer in 2008:

GLOBOCAN 2008. Int J Cancer. 2010;127(12):2893–917.

2. Kademani D. Oral cancer. Mayo Clin Proc. 2007;82(7):878–87.

3. Campana JP, Meyers AD. The surgical management of oral

cancer. Otolaryngol Clin N Am. 2006;39(2):331–48.

4. Clark JR, et al. Established prognostic variables in N0 oral car-

cinoma. Otolaryngol Head Neck Surg. 2006;135(5):748–53.

5. Ebrahimi A, Ashford BG, Clark JR. Improved survival with

elective neck dissection in thick early-stage oral squamous cell

carcinoma. Head Neck. 2012;34(5):709–16.

6. Huang SH, et al. Predictive value of tumor thickness for cervical

lymph-node involvement in squamous cell carcinoma of the oral

cavity: a meta-analysis of reported studies. Cancer. 2009;115(7):

1489–97.

7. Brunocilla E, et al. The number of nodes removed as well as the

template of the dissection is independently correlated to cancer-

specific survival after radical cystectomy for muscle-invasive

bladder cancer. Int Urol Nephrol. 2013;45(3):711–9.

8. Wright JL, Lin DW, Porter MP. The association between extent

of lymphadenectomy and survival among patients with lymph

node metastases undergoing radical cystectomy. Cancer.

2008;112(11):2401–8.

9. Weir L, et al. Prognostic significance of the number of axillary

lymph nodes removed in patients with node-negative breast

cancer. J Clin Oncol. 2002;20(7):1793–9.

10. Chang GJ, et al. Lymph node evaluation and survival after

curative resection of colon cancer: systematic review. J Natl

Cancer Inst. 2007;99(6):433–41.

11. Le Voyer TE, et al. Colon cancer survival is associated with

increasing number of lymph nodes analyzed: a secondary survey

of intergroup trial INT-0089. J Clin Oncol. 2003;21(15):2912–9.

12. Volpe CM, Driscoll DL, Douglass HO Jr. Outcome of patients

with proximal gastric cancer depends on extent of resection and

number of resected lymph nodes. Ann Surg Oncol. 2000;7(2):

139–44.

13. Peyre CG, et al. The number of lymph nodes removed predicts

survival in esophageal cancer: an international study on the

impact of extent of surgical resection. Ann Surg. 2008;248(4):

549–56.

14. Greenstein AJ, et al. Effect of the number of lymph nodes sam-

pled on postoperative survival of lymph node-negative

esophageal cancer. Cancer. 2008;112(6):1239–46.

15. Ebrahimi A, et al. Nodal yield and survival in oral squamous

cancer: defining the standard of care. Cancer. 2011;117(13):

2917–25.

16. Stukel TA, et al. Two-stage methods for the analysis of pooled

data. Stat Med. 2001;20(14):2115–30.

17. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control

Clin Trials. 1986;7(3):177–88.

18. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-

analysis. Stat Med. 2002;21(11):1539–58.

19. Capote A, et al. Elective neck dissection in early-stage oral

squamous cell carcinoma: does it influence recurrence and sur-

vival? Head Neck. 2007;29(1):3–11.

20. Sigurdson ER. Lymph node dissection: is it diagnostic or thera-

peutic? J Clin Oncol. 2003; 21(6):965–7.

3054 A. Ebrahimi et al.



21. Morris EJ, et al. Identifying stage III colorectal cancer patients:

the influence of the patient, surgeon, and pathologist. J Clin

Oncol. 2007;25(18):2573–9.

22. Bilimoria KY, et al. Adequacy and importance of lymph node

evaluation for colon cancer in the elderly. J Am Coll Surg.

2008;206(2):247–54.

Minimum Nodal Yield in Oral SCC 3055


	Minimum Nodal Yield in Oral Squamous Cell Carcinoma: Defining the Standard of Care in a Multicenter International Pooled Validation Study
	Abstract
	Purpose
	Patients and Methods
	Results
	Conclusion

	Materials and Methods
	Study Population
	Histopathological Analysis
	Statistical Analysis

	Results
	Patient Demographics
	Nodal Yield
	Survival and Locoregional Failure Analyses
	Sensitivity Analyses
	Investigation of Between-Center Heterogeneity

	Discussion
	Conclusions
	References


