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Abstract 

Background:  High quality lymph node (LN) yield could increase survival, however strategies to improve LN yield 
have been seldom reported. This study aimed to assess the multiple-step action to promote quality of neck dissection 
in oral cancer.

Methods:  A total of 400 patients with oral cancer who underwent primary tumor resection and neck dissection, 
including elective and radical neck dissection, were recruited after propensity score matching by clinical T and N cat‑
egories between January 2009 and September 2018. Patients were treated by two independent departments in our 
institute. A multiple-step action was initiated in October 2015 in one department, and another department was as a 
control group. The impact of multiple-step action on LN yield and regional recurrence were analyzed using multivari‑
ate analysis and difference-in-differences (DID) linear regression analysis.

Results:  The mean patient age was 55.2 + 11.1 years, and 92% were male. A total of 180 (45%) patients had T3-4 
disease, and 129 (32%) patients had N2-3 disease. The multivariate linear regression and DID analyses revealed that 
multiple-step action had a positive effect on LN yield. A net improvement of LN yield with a coefficient of 13.78 
(p < 0.001) after launching multiple-step action (since October 2015) was observed. A borderline protective effect of 
multiple-step action for cN0 patients with a reduced regional recurrence rate of 11.6% (p = 0.072) through DID analy‑
sis was noted.

Conclusions:  Multiple-step action was associated with increased LN yield and decreased regional recurrence in 
patients with oral cancer. The observed activity may promote surgeons to improve the quality of neck dissections, is 
feasible, and could be applied to a widespread patient population.
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Background
Oral cancer is still one of the most common and lethal 
tumors worldwide [1]. Despite great advances in mul-
timodal therapy such as modern radiation technique, 
targeted therapy, immunotherapy, gene therapy and 
so on, treatments for oral cancer remain associated 

with high recurrence and rates of metastasis [2–4]. 
Currently, wide resection of the primary tumor with 
neck dissection is the cornerstone of treatment for 
patients with neck metastasis or a high rate of occult 
neck metastasis [5]. Since patients with oral cancer 
may have a worse prognosis upon recurrence, it is 
important to perform wide resection of the primary 
tumor with a clear margin [6]. Recently, a high quality 
neck dissection with adequate retrieval of lymph node 
(LN) was introduced and implemented in an effort to 
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improve outcomes in different tumor types, including 
oral cancer [7–9].

Patients with inadequate LN harvests may experi-
ence stage migration and subsequent underestimation 
of disease severity [10]. Previously published litera-
ture has outlined the positive association between LN 
yield in neck dissection and overall survival rates [11, 
12]. Ebrahimi et  al. reported that a LN yield < 18 was 
associated with worse 5-year overall survival (hazard 
ratio [HR], 2.0; 95% confidence interval [CI], 1.1–3.6), 
disease-specific survival (HR, 2.2; 95% CI 1.1–4.5), and 
disease-free survival (HR, 1.7; 95% CI 1.1–2.8). Thus, 
LN yield ≥ 18 has been proposed as a cut-off point 
for adequate neck dissection. A cut-off value of 15 for 
elective neck dissection (END) and 25 for radical neck 
dissection (RND) have also been suggested [13]. How-
ever, there is no efficient intervention style to improve 
the quality of neck dissection.

The aim of this study was to assess the impact of 
multiple-step action to promote LN yield in oral can-
cer surgery. The change in LN yield in neck dissection 
among two different departments taken at differ-
ent times in our institute were examined. In order to 
improve LN yield quality of neck dissection, a multi-
ple-step action was initiated in October 2015 in one 
department, and another department was as a control 
group. The impact of multiple-step action on LN yield 
and regional recurrence were analyzed using multivar-
iate analysis and difference-in-differences (DID) linear 
regression analysis [14–16].

Methods
Patient demographics and database
Newly diagnosed patients with oral squamous cell 
carcinoma treated with resection of the primary oral 
tumor and neck dissection with or without adjuvant 
therapy were identified from our hospital’s Cancer 
Registry Database between 2009 and 2018, retrospec-
tively. Patients without complete treatment, electronic 
medical records, regular follow up, previous cancer 
treatment and distant metastasis upon diagnosis were 
excluded from the study. Neck dissection included 
END for clinical N0 disease and RND for clinical N1-3 
disease. Patients with bilateral neck dissection and 
those whose procedure retrieved an LN < 10 were also 
excluded. The variables collected from the Cancer Reg-
istry Database included patient demographic data such 
as age, gender, tumor status (e.g., clinico-pathological 
TNM stage), and pathological risk features (e.g., mar-
gin status, tumor differentiation, perineural invasion, 
lympho-vascular permeation, number of retrieved LNs, 
number of positive LNs, extranodal extension, adjuvant 
treatment modality, radiation dose, and chemotherapy 
regimen). All staging was performed according to the 
American Joint Committee on Cancer (AJCC) cancer 
staging (7th edition). Patients with oral cancer were 
treated in two departments (department A and B) in 
our institution. Initially, LN yield was higher in depart-
ment B. In order to improve quality metrics in head and 
neck cancer, a multiple-step action to improve cervi-
cal LN number was implemented in October 2015. As 
shown in Fig.  1, the study was categorized into two 
stages: period 1 (before October 2015), and period 2 

Fig. 1  Policy change or intervention in different groups and periods
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(after October 2015). In period 1, the operative proce-
dure for primary tumor resection and neck dissection 
was performed as per guidelines and/or published liter-
ature in department A and department B, respectively 
[5, 17]. In period 2, a non-compulsory multiple-step 
action plan was implemented in department A. This 
action plan included: (1) promotion of the importance 
of survival rates and LN yield in head and neck cancer 
in weekly meetings, and resident journal club confer-
ences; (2) encouraging surgeons to identify important 
landmarks (e.g., cervical ansa, internal jugular vein, 
carotid artery, spinal accessory nerve, splenius capitus, 
levator scapula, anterior scalene muscle, and transverse 
cervical artery during neck dissection); (3) announcing 
the average number of LN yield each month, however, 
individual data related to the patients or surgeons was 
not disclosed.

Between 2009 and 2018, a total of 469 newly diag-
nosed patients with oral cancer who received wide 
resection and neck dissection were recruited. In order 
to reduce selection bias, propensity score match-
ing with clinical tumor category and node category 
between the two departments were performed. The 
hypothesis was that the target group surgeons’ behav-
ior response to the multiple-step action plan could 
improve LN yield. For regional recurrence, a concept of 
regional recurrence density (the proportion of regional 
recurrence among those treated with neck dissection 
during a specific period) was used. This method could 
provide a comparison of regional recurrence between 
different groups by time period.

Statistical analysis
The distribution of patient, tumor, and treatment char-
acteristics were compared between groups. Categorical 
variables were analyzed using the Pearson chi-square 
or Fisher exact test, and continuous variables were 
compared using a one-way analysis of variance. Com-
parisons between before and after changes for each 
outcome in the treatment group (defined as patients 
treated in department A) to before and after changes 
in the control group (defined as patients treated in 
department B) were performed. LN yield differences 
and regional recurrence between the 2 time periods, 
and groups was analyzed with a two-sample t-test and 
Pearson’s chi-square test/Fisher’s exact test, respec-
tively. Multivariate regression was performed. Further-
more, DID comparison of LN yield change and regional 
recurrence among treatment groups (department A: 
multiple-step action since October 2015) and con-
trol group (department B: without implementation of 

multiple-step action) [14, 15]. A two-sided test with a p 
value of < 0.05 represented statistical significance.

Results
After propensity score matching, 400 patients were 
enrolled for analysis. The mean patient age was 
55.2 ± 11.1 years and 92% were male (Table 1). In period 
1, patients treated by department A surgeons were more 
likely to be older, have tongue cancer, and received adju-
vant radiotherapy. In the period after October 2015, 
patients treated by department A surgeons were more 
likely to have tongue cancer.

The average LN yield by the two different departments 
is illustrated in Fig.  2 and Additional file  1: Table  S1. 
As shown in Table  2, compared with the control group 
in period 1, the average LN yield was lower in depart-
ment A (22.8 vs 33.4, p < 0.001). In period 2 the average 
LN yield was similar between department A and depart-
ment B (37.4 vs 33.9, p = 0.099). This finding suggests 
there was a significant increase in LN yield in department 
A after October 2015, however the LN yield in depart-
ment B was not statistically different. During the period 
before October 2015, there was no significant difference 
in regional recurrence between the two groups (8.5% vs 
5.9%, p = 0.45; Table 3). In the period after October 2015, 
regional recurrence was lower, however no significant 
differences between two groups were observed (2.5% vs 
3.7%, p = 0.65).

In multivariate analysis, LN yield in department A in 
period 2 was the highest (beta coefficient = 15.6; 95% CI 
12.17–19.03) (Table  4). Regional recurrence in depart-
ment A in period 2 was the lowest, however a statistical 
difference was not obtained (OR 0.21; 95% CI 0.003–
1.74). We also used the difference-in-difference analysis 
to estimate the impact of multiple-step action on LN 
yield and regional recurrence. The net impact, with a 
coefficient of 13.78 (p < 0.001) represented the improve-
ment of LN yield in department A after launching the 
multiple-step action plan in October 2015 (Table  5). A 
borderline  protective effect of the multiple-step action 
plan on LN yield for cN0 patients was demonstrated with 
a reduced regional recurrence rate of 11.6% (p = 0.072).

Discussion
Although there have been several breakthrough inno-
vations in the treatment of oral cancer (e.g., target 
therapy or immune checkpoint inhibitors), patients 
with oral cancer with regional recurrence frequently 
incur grave outcomes [2–4, 6]. Besides radical resection 
of primary tumor with adequate margin, the next step 
was to perform an adequate neck dissection. Previous 
studies have reported a positive association between 
LN yield and survival rates [11, 18]. However, strategies 
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to improve LN yield have not been identified. The cur-
rent study was the first to explore the impact of non-
compulsory multiple-step action among surgeons to 
improve the quality of neck dissection and several 
novel findings were noted. First, the difference in the 
difference was an increase of LN yield of 13.78. Second, 
a reduction of 11.6% in regional recurrence was noted 
in cN0 oral cancer patients (Table  5). These findings 
have relevance to long-term outcomes in head and neck 
cancers. Government agencies, like the health promo-
tion administration in Taiwan, regularly announced the 
survival rates of major cancers. However, strategies to 
improve outcomes are not clearly outlined. Our results 
provide evidences about that multiple-step action was 
associated with increased LN yield and decreased 

Table 1  Demographic and clinical characteristics of study patients, n = 400

Period 1 (01–2009–09–2015) Period 2 (10–2015–09–2018)

Variable Department A
(n = 118)

Department B
(n = 118)

p value Department A
(n = 82)

Department B
(n = 82)

p value

Gender 0.232 0.773

 Male 106(89.8) 111(94.1) 75(91.5) 76(92.7)

 Female 12(10.2) 7(5.9) 7(8.5) 6(7.3)

Age (Mean ± SD) 56.4 ± 11.2 52.7 ± 10.3 0.008 55.5 ± 10.0 55.3 ± 12.0 0.916

cN classification 0.091 0.073

 N0 57(48.3) 62(52.5) 45(55.6) 60(73.2)

 N1 20(16.9) 9(7.6) 10(12.3) 8(9.8)

 N2 41(34.7) 47(39.8) 26(31.7) 14(17.1)

 N3 0(0.0) 0(0.0) 1(0.9) 0(0.0)

cT classification 0.152 0.148

 T1 26(22.0) 19(16.1) 16(19.8) 21(25.6)

 T2 46(39.0) 42(35.6) 28(34.1) 22(26.8)

 T3 7(5.9) 3(2.5) 12(14.8) 5(6.1)

 T4 39(33.1) 54(45.8) 26(32.1) 34(41.5)

Differentiation 0.085 0.682

 Well 17(14.4) 27(22.9) 14(17.1) 14(17.1)

 Moderately 91(77.1) 87(73.7) 60(73.2) 63(76.8)

 Poorly 10(8.5) 4(3.4) 8(9.8) 5(6.1)

Tumor subsite  < 0.001 0.002

 Tongue 63(53.4) 22(18.6) 36(43.9) 18(22.0)

 Buccal 40(33.9) 55(46.6) 32(39) 33(40.2)

 Other sites 15(12.7) 41(34.7) 14(17.1) 31(37.8)

Margin 0.651 0.096

 Negative 116(98.3) 115(97.5) 77(93.9) 81(98.7)

 Positive 2(1.7) 3(2.5) 5(6.1) 1(1.2)

Adjuvant treatment 0.002 0.064

 Nil 56(47.5) 54(45.8) 35(42.7) 50(61.0)

 RT 47(39.8) 29(24.6) 36(43.9) 23(28.0)

 CT 2(1.7) 14(11.9) 0(0.0) 0(0.0)

 RT + CT 13(11.0) 21(17.8) 11(13.4) 9(11.0)

Fig. 2  Mean lymph node yield in different groups and periods
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regional recurrence in patients with oral cancer. This 
observed activity may promote surgeons to improve the 
quality of neck dissections, is simple for clinical use.

Several mechanisms might explain the effect of the 
multiple-step action plan. First, landmark identification 
during neck dissection was not emphasized purposely in 
department A. Our previous publication and related lit-
erature outlined the importance of maximization of LN 
yield, and the best and simplest strategy was to perform 
an en-bloc neck dissection with landmark identifications 
in order to preserve function and maximize the LN yield 
simultaneously [11, 13]. Second, the positive association 
between LN yield and survival rates was stressed rou-
tinely in weekly conferences in department A. Under-
standing mapping between the LN yield and outcomes 
urged the staff to perform a neck dissection to increase 
the LN yield in the hope to decrease regional recurrences 
later. Third, the average number of the LN yield in depart-
ment A was announced regularly, and the individual data 
was not reported. According to behavior economics, 
the staff with lower LN yield compared with the average 
yield from all staff started to figure out how to improve 
LN yield [19]. Beyond surgical techniques and pathologi-
cal analysis, increased LN yield was associated with an 
average delay in surgery over 15  days, skin involvement 
by tumor, and additional precancer lesions in oral cancer 
[20]. In our series, there was no significant difference in 
age, gender, and differentiation between groups. In the 
multivariate analysis, the above-mentioned symptoms 
were adjusted in the regression model.

The magnitude of the 64% increase in LN yield and 
decrease of regional recurrence in department A after 

Table 2  Mean values of  lymph node yield by  different 
departments and periods

END, elective neck dissection; RND, radical neck dissection
*  Difference between Department A group and Department B group
**  Difference between period 1 and period 2
#  Two-sample t-test

Variable Period 1
(01–2009–
09–2015)

Period 2
(10–2015–
09–2018)

Difference** p value#

All patients

 Department A 22.8 37.4 14.6  < 0.001

 Department B 33.4 33.9 0.5 0.800

 Difference*  − 10.6  − 3.5

 p value#  < 0.001 0.099

END

 Department A 21.2 34.2 13.0  < 0.001

 Department B 29.3 33.5 4.2 0.053

 Difference* 8.1 0.7

 p value#  < 0.001 0729

RND

 Department A 24.3 41.5 17.2  < 0.001

 Department B 38.0 35.0  − 3.0 0.395

 Difference* 13.1 6.3

 p value#  < 0.001 0.110

Table 3  Regional recurrence rate by different departments and periods

END, elective neck dissection; RND, radical neck dissection
*  Difference between Department A group and Department B group
**  Difference between period 1 and period 2
#  Pearson’s chi-square test or Fisher’s exact test

Variable Period 1
(01–2009–09–2015)

Period 2
(10–2015–09–2018)

Difference** p value#

All patients

 Department A 10/118(8.5%) 2/81(2.5%)  − 6.0 0.080

 Department B 7/118(5.9%) 3/82(3.7%)  − 2.2 0.468

 Difference* 2.6  − 1.2

 p value# 0.450 0.650

END

 Department A 6/57(10.5%) 2/45(4.4%)  − 6.1 0.257

 Department B 0/62(0.0) 2/60(3.3%) 3.3 0.147

 Difference* 10.5 1.1

 p value# 0.010 1.000

RND

 Department A 4/61(5.6%) 0/36(0.0)  − 5.6 0.117

 Department B 7/56(12.5%) 1/22(4.6%)  − 7.9 0.297

 Difference*  − 6.9  − 4.6

 p value# 0.348 0.373
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implementation of the multiple-step action plan was 
significant (Tables  2 and 3). Increase of LN yield and 
decrease in regional recurrence in department A with 
multi-step action plan was summarized in Table  4. 
Besides multivariate linear and logistic regression, the 
impact of the multiple-step action plan was also evalu-
ated with difference-in-difference analysis. The major 
policy change in department A over time was the inter-
vention or policy change in period 2, which provided for 

a quasi-experimental chance. Using difference-in-differ-
ence analysis, the net effect or interaction term, inter-
vention × period on LN yield and regional recurrence 
was evaluated with the linear model. The multiple-step 
action plan incurred a net impact of 13.78 increase in 
LN yield and a reduction of 11.6% in regional recurrence 
in the END group. We also analyzed the overall survival 
rates between different groups and periods (Additional 
file  2: Figure S1). Patients with local or loco-regional 

Table 4  Multivariate analysis for lymph node yield and regional recurrence

Lymph node yield Regional recurrence

All patient END RND All patient END RND

Group

 Department A in 
Period 1

Ref Ref Ref Ref Ref Ref

 Department B in 
Period 1

12.09 (8.86–15.32) 9.09 (4.95–13.23) 16.07 (10.73–21.42) 0.57 (0.20–1.69) – 2.29 (0.45–11.69)

 Department A in 
Period 2

15.60 (12.17–19.03) 13.52 (8.97–18.06) 18.64 (13.10–24.18) 0.21 (0.03–1.74) 0.43 (0.05–4.17) –

 Department B in 
Period 2

13.91 (10.40–17.43) 12.93 (8.77–17.10) 15.46 (8.65–22.28) 0.30 (0.06–1.49) 0.37 (0.07–2.01) –

Female 1.35 (− 3.08–5.78) 1.23 (− 4.74–7.21) 1.94 (− 5.02–8.91) 0.81 (0.10–6.63) – 2.28 (0.19–26.72)

Age  − 0.22 (− 0.33 
to − 0.11)

 − 0.14 (− 0.28–0.00)  − 0.32 (− 0.50 
to − 0.13)

0.99 (0.94–1.03) 1.01 (0.94–1.08) 0.97 (0.90–1.04)

cT3-4 1.29 (− 1.24–3.82) 0.08 (− 3.21–3.37) 2.03 (− 2.06–6.13) 1.14 (0.41–3.15) 0.48 (0.07–3.24) 1.53 (0.37–6.24)

cN2-3 7.37 (4.67–10.06) 7.54 (2.93–12.15) 1.19 (0.43–3.30) NA 0.59 (0.12–2.84)

Differentiation: poor 0.97 (− 3.81–5.74)  − 2.06 (− 9.49–5.36) 3.44 (− 3.16–10.04) – – –

None tongue  − 3.05 (− 5.75 
to − 0.34)

 − 2.08 (− 5.58–1.43)  − 5.07 (− 9.53 
to − 0.62)

1.45 (0.49–4.30) 2.58 (0.44–15.21) 0.85 (0.17–4.24)

Margin: positive – – –

With adjuvant treat‑
ment

1.37 (0.49–3.84) 2.31 (0.38–13.82) 1.19 (0.28–4.97)

Table 5  Difference-in-differences analysis for lymph node yield and regional recurrence

END, elective neck dissection; RND, radical neck dissection
*  Regressions controlled for sex, age, differentiation, tumor sub-site (tongue vs non-tongue), cT, and cN
**  Regressions controlled for sex, age, cT, cN, differentiation, tumor sub-site (tongue vs non-tongue), margin status, and adjuvant treatment modality (without vs with 
adjuvant treatment)

Lymph node yield Regional recurrence

Coefficient* p value Coefficient** (%) p value

All patient

 Time effect 1.82 0.291  − 2.4 0.488

 Difference-in-difference (net) impact 13.78  < 0.001  − 3.9 0.448

END

 Time effect 3.84 0.057 5.1 0.205

 Difference-in-difference (net) impact 9.68 0.001  − 11.6 0.072

RND

 Time effect  − 0.61 0.849  − 11.7 0.081

 Difference-in-difference (net) impact 19.25  < 0.001 5.6 0.534
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recurrence were excluded. There was no significant dif-
ference among these groups, which might be attributed 
to different follow-up periods and heterogenous surgical 
techniques.

All national and international guidelines have reported 
how adequate LN yield could significantly improve sur-
vival in patients with oral cancer, however there is no 
recommended intervention for clinical practice. Inter-
ventions based on the theories of behavior economics 
are summarized by the acronym NUDGE and has been 
explored in the healthcare field [21–23]. Penn Medicine, 
for example, has used this strategy widely. Changing 
the default choice for medications greatly increased the 
rate of prescriptions for generic medicine [22]. Using an 
active choice alert system in the electric medical record 
increased the influenza vaccination rate 37% in adults 
suitable for vaccination [24]. Ayala et  al. also reported 
that moving from an "opt-in" to an "opt-out" system 
greatly increased the rate of providing aspirin prophy-
laxis for preeclampsia prevention [25]. An automated 
dashboard with active choices and peer comparison per-
formance feedback to physicians was associated with 
increased statin prescriptions by primary care physicians 
[26]. In our institute, several feasible and low-cost strate-
gies have been applied, such as weekly conferences used 
to explain the association between LN yield and recur-
rence since October 2015. Thereafter, surgeons were 
encouraged to confirm important landmarks during 
neck dissections. Furthermore, the average LN yield was 
announced each month in order to provide feedback to 
all surgeons. Multiple NUDGE-like interventions helped 
the target group to improve the cervical LN yield in oral 
cancer surgery.

There are several limitations in the current study. First, 
the study was not a prospective design. All these data 
were obtained retrospectively. Second, the common 
trend assumption was not well tested in our series for 
DID analysis. Third, we could only confirm that surgery 
oriented by landmarks was emphasized in department A 
during period 2; however, it could be a standard operative 
procedure in department B. Fourth, the spillover effects 
of the multiple-step action plan in the control group was 
not estimated. Although it was possible, the effect may 
be minimal because these two departments were located 
in different floors in our institute. Fifth, the time effect of 
diagnosis may also influence the LN yield. The estimated 
LN yield could be derived from the data between 2009 
and 2015 (Additional file 1: Table S2). The gap between 
the real LN yield (37.5) and estimated LN yield (27.4) 
could be attributed to the multi-step intervention in 
department A. Furthermore, the annual LN increase was 
0.4 since 2009 in SEER database (data not shown). The 
increase in LN yield was much than the annual increase 

by time. Finally, although this study only included Asian 
people, this observed activity improving the quality of 
neck dissections, is simple, and could be applied to a 
widespread patient population.

Conclusions
Previous literature has validated the importance of LN 
yield in head and neck cancer. Interventions such as mul-
tiple-step action used in this study was associated with 
increased LN yield and decreased regional recurrence 
in patients with oral cancer undergoing neck dissection. 
This soft and non-mandatory practice could be applied 
across institutions in order to improve the quality of oral 
cancer treatment and survival rates.
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