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Abstract: Background. A standardized neck management
strategy for oral cancer patients without clinical nodal metastases
remains to be established. Consequently, a decision and sensi-
tivity analysis of two neck management protocols, involving either
prophylactic neck dissection or careful observation, was con-
ducted using the Oral Cancer Registry of Kyushu, Japan.
Methods. We calculated probabilities of subclinical nodal me-
tastases and 5-year survival using the registry data. A two-way
sensitive analysis was conducted using the probabilities and
parameters of the complete nodal metastasis resection rate (x)
and a utility rating that describes the health state induced by
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dissection (y) compared with the neck condition in a careful-
observation group.

Results. We solved the threshold curve for y and x for the
expected utility between the two groups. The results showed that
prophylactic neck dissection must guarantee a complete resec-
tion of subclinical nodal metastases with no disadvantage to
health state to be evaluated as equally satisfactory as careful
observation.

Conclusions. Careful observation involving standardized
systematic preoperative and postoperative screening of the neck
seems preferable to prophylactic neck dissection for oral cancer
patients without subclinical nodal metastases. © 2002 Wiley
Periodicals, Inc. Head Neck 24: 582—590, 2002

Keywords: oral cancer; prophylactic neck dissection; lymphatic

metastasis; decision making; quality of life
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A standard strategy for the primary manage-
ment of the neck among patients with cancer of
the oral cavity without clinical nodal metastases
remains to be established. The neck of these pa-
tients has been managed primarily by the fol-
lowing three strategies: (1) prophylactic neck
dissection at the same time as surgical resection
of a primacy cancer; (2) careful observation after
surgical resection of a primary cancer; and (3)
prophylactic neck irradiation. From the viewpoint
of patients’ quality of life (QOL) after the primary
treatment, selection of management strategies is
a critical issue.

Management by prophylactic neck dissection
and irradiation is used when there is an assump-
tion of difficulty in diagnosing subclinical nodal
metastases in the neck and when early dissection
or radiation allows better prognosis if nodal me-
tastases actually exist.'”® In other words, these
strategies primarily aim to benefit patients with
subclinical nodal metastases while disregarding
those with no nodal metastases. On the other
hand, management by careful observation can re-
duce the extent of unnecessary surgical invasion of
the neck to offer better QOL for patients who do not
actually have nodal metastases and attempts to
save patients who do have subclinical nodal me-
tastases by early detection of metastatic nodes and
salvage treatment of the neck. Thus, the decision
regarding primary management of the neck in
clinically NO patients is a tradeoff in the benefit

Prophylactic
neck

gained between those who do and those who do not
have nodal metastases. In particular, the decision
to manage by either prophylactic neck dissection
or careful observation is critical, because these are
the two most common strategies used, and the
difference in QOL offered by them is not negligible
or inconsequential.

However, previous studies have focused only
on the benefit for patients who have subclinical
nodal metastases by comparing the survival rates
between those who received prophylactic neck
dissection and those who were followed up by
careful observation/salvage treatment. In this
study, using the Oral Cancer Registry in Kyushu,
Japan, we conducted a decision and sensitivity
analysis to examine the decision regarding pri-
mary management of the neck among clinically
NO oral cancer patients, considering equal as-
signment of benefits for all patents.

METHODS

The Oral Cancer Registry in Kyushu produced by the
Kyushu Working Group for Oral Cancer. The Oral

Cancer Registry in Kyushu was founded in 1985
to investigate the diagnosis, treatment, and
prognosis of patients with cancer of the oral
cavity. From 16 oral and maxillofacial surgery
units of the university hospitals in Kyushu area,
information regarding the following items is
provided using the same registration form:
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FIGURE 1. Schematic description of the probabilities of subclinical nodal metastases at the neck among oral cancer patients with NO
stage neck. Probability of complete removal by prophylactic neck dissection (x), and utility rating value for decision analysis (y); where p4
and po (probability of no nodal metastasis) are 0.946 for p; and 0.907 for p, using the probability of the careful-observation group and
0.708 for p; and 0.632 for p, using the prophylactic neck dissection group.
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gender, age, date of diagnosis, histopathologic
diagnosis, site of the primary cancer, TNM stage,
treatment methods, and vital status of each
patient supplemented by the periodic surveys
conducted by each unit. The accumulated data
are transformed into an electronic file and
managed by the Registry secretariat. From 1985
to 1996, 2424 patients with previously untreated
squamous cell carcinoma of the oral cavity were
listed in the Registry.®

Definition of Subclinical Nodal Metastases at the
Neck and Calculation of Probabilities _of Subclinical
Nodal Metastases. From all the registered cases,

we retrieved 868 patients diagnosed between
1985 and 1996 who fulfilled all the following re-
trieval criteria: (1) patient diagnosed as NO at the
time of treatment for the primary cancer, the
pathologic diagnosis of which was squamous cell
carcinoma of the oral cavity, including buccal
mucosa, upper and lower gingiva, hard palate,
oral tongue, and floor of the mouth; (2) patient’s
primary cancer had not recurred during the fol-
low-up period; (3) either the patient’s neck nodal
metastases had not been identified at least 2 years
after surgery for the primary cancer,”® or the
patient was diagnosed as having nodal metasta-
ses in dissected materials or by postoperative
clinical examination. Using the third retrieval
criterion, we excluded patients who might have
had subclinical nodal metastases that were not
identified in the short follow-up period. Patients
without pathologic records of the dissected lymph
nodes were also excluded from the analysis.

The status of nodal metastasis at the time of
treatment for the primary cancer was retrospec-
tively decided by the results of histopathologic
diagnosis of the dissected materials and/or post-

operative clinical examinations; when histo-
pathologic diagnosis of dissected materials and
postoperative clinical examinations of the dis-
section and carefully observed patients did not
reveal evidence of nodal metastasis, we decided
that the patients had no nodal metastases; when
histopathologic diagnosis and/or postoperative
clinical examinations detected evidence or signs
of nodal metastasis in the neck in any patient, we
decided that the patient had nodal metastases.
According to the status of nodal metastasis and
the results of postoperative examinations, we
categorized the retrieved patients into three
groups: patients who had no nodal metastases
(group 1), patients who had subclinical nodal
metastases at the time of operation for the pri-
mary cancer and no nodal recurrence afterwards
because of prophylactic neck dissection (group 2),
and patients who had subclinical nodal metasta-
ses and afterwards nodal recurrence (group 3).

To evaluate the effect of the neck dissection on
postoperative survival, Kaplan-Meier survival
curves were produced, and log rank tests were
performed to compare patients managed by neck
dissection with those managed by careful obser-
vation.

Decision Analysis and Two-Way Sensitive Analysis to
Assign Equal Benefit to Each Patient. To assign an

equal benefit for each patient, the following fac-
tors were considered: (1) prognosis or survival of
patients after treatment for the primary cancer,
(2) probability of subclinical nodal metastasis, (3)
probability of complete removal of subclinical
nodal metastases by prophylactic neck dissection,
(4) disadvantages to QOL caused by prophylactic
neck dissection. The first and second factors can
be estimated using the registry data. We used

Table 1. Distribution of primary cancer sites and the T classification and subclinical nodal metastasis of the retrieved patients.

T classification

Primary cancer site 1 2 3 4 Total
Buccal mucosa 30 (5) 46 (9) 11(1) 4 (0) 91 (15)
Upper gingiva 40 (6) 66 (10) 12 (1) 32 (9) 150 (26)
Lower gingiva 21 (4) 38 (6) 13 (3) 18 (5) 90 (18)
Hard palate 10 (0) 12 (0) 3(1) 1(0) 26 (1)
Oral tongue 201 (29) 167 (34) 25 (7) 15 (7) 408 (77)
Floor of mouth 31 (1) 57 (4) 3(2) 12 (4) 103 (11)
Total 333 (45) 386 (63) 67 (15) 82 (25) 868 (148)

Numbers in parentheses mean that number of patients who were diagnosed as NO but retrospectively had nodal metastasis.
There was no association of distribution between primary cancer site and presence of subclinical nodal metastasis for each T stage; the p values of
Pearson chi square test (df = 5) were .37, .14, .26, and .52 for T1, T2, T3, and T4, respectively.
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Table 2. Comparison of the follow-up periods of survivors who received prophylactic neck dissection and managed by
careful observations.

Number of deaths during Mean Mean
Management strategies Number of patients follow-up age = SD follow-up (y)
T1,2
Careful observation 428 39 615+ 127 48 +20
Prophylactic neck dissection 299 52 60.6 + 12.1 47 £ 25
p value 0.26 0.42
13,4
Careful observation 54 8 675+ 126 45+20
Prophylactic neck dissection 95 39 63.5 + 10.8 43 +22
p value 0.043 0.47

Two-sample t test with equal variances was used to test the equality of means of age and follow-up period. According to the F tests on the equality of
variances, two-sample t test with unequal variances was used for test on the equality of means of follow-up period of T1,2 patients.

5-year survival probabilities during the follow-up x = Probability of completely removing
period obtained by survivor functions of the

° oo subclinical nodal metastases by neck
Kaplan-Meier method and probabilities of sub-

clinical nodal metastases among patients in each dissection
group. To determine the probability of subclinical y = Utility rating of health state caused by
nodal metastases, those managed by careful ob- prophylactic neck dissection compared with

servation were used to calculate expected utilities
for each group, because patients in the group
managed by careful observation would have un- dissection has no disadvantages at all for
dergone preoperative screening of the neck using the oral cancer patients with stage NO,

diagnostic imaging to detect nodal metastases.
The third and fourth factors cannot be obtained
from the registry data, and thus they were defined
as variables x and y according to the following: with 0 being the lowest possible value.

that caused by careful observation. If neck

the value of y equals 1. As the degree

of disadvantage increases, y decreases,

Table 3. Distribution of oral cancer patients in this study who had no recurrence of primary cancer according to status of subclinical
nodal metastases.

No nodal metastasis Nodal metastasis positive
Group 1* Group 2F Group3d* Total
T1,2 cancer
Prophylactic neck dissection 206 27 58 291
(70.8%) (29.2%) (100.0%)
Careful observation 405 — 23 428
(94.6%) (5.4%) (100.0%)
Total 611 27 81 719
(84.5%) (15.0%) (100.0%)
T3,4 cancer
Prophylactic neck dissection 60 15 20 95
(63.2%) (36.8%) (100.0%)
Careful observation 49 — 5 54
(90.7%) (9.3%) (100.0%)
Total 109 15 25 149
(73.2%) (26.8%) (100.0%)
Total 720 42 106 868
(82.9%) (17.1%) (100.0%)

*Group 1: patients who had no nodal metastases.
TGroup 2: patients who had subclinical nodal metastases at the time of surgery for the primary site and afterward nodal recurrence.
tGroup 3: patients who had subclinical nodal metastases and no nodal recurrence afterwards.
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Using the 5-year survival data, the probability
of subclinical nodal metastases (x) and the
expected utility value (y) were calculated using
the folding back method.” A two-way sensitive
analysis was conducted to solve the threshold
curve of y and x on the expected utility between
the prophylactic neck dissection group and the
careful-observation group.

In addition, to evaluate the influence of
differences between the two neck management
strategies on our results, we also used the prob-
abilities of the prophylactic neck dissection
group to solve the threshold curve. A schematic
description of the system is presented in Figure 1.
The STATA statistical package (version 6.0) was
used for data cleaning, calculation of survival
functions, and data analysis.'°

RESULTS

Distribution of site, T stage, and number of
subclinical nodal metastasis cases among the pa-
tients retrieved is presented in Table 1. No asso-
ciation in distribution was observed between
primary cancer site and presence of subclinical
nodal metastasis for each T stage; the p values of
the Pearson chi square test (df = 5) were .37, .14,
.26, and .52 for T1, T2, T3, and T4, respectively.
The number of deaths, mean age at the time of
diagnosis, and mean follow-up periods are shown
in Table 2 according to T stage and neck
management strategy. The mean age at the time
of diagnosis was slightly higher in prophylactic
neck dissection group for T'3,T4 patients, although
the mean follow-up periods between these two
groups of patients did not differ significantly.

The probability of not having subclinical nodal
metastases at the time of treatment for the
primary cancer in patients with clinical NO was
946 for T1,T2 patients and .907 for T3,T4
patients who had been followed up by careful
observation. The probability of not having
subclinical nodal metastases was .708 for T1,T2
patients and .632 for T3,T4 patients among those
who had been managed by prophylactic neck
dissection (Table 3).

Kaplan-Meier survival curves by treatment
strategy are shown in Figures 2 and 3. Survival of
patients managed by the different strategies for
the neck in the same group (group 1 and group 3)
were not significantly different according to log
rank tests (p = .40, p = .96 for group 1 and group
3, respectively, in T1,T2 patients, and p = .92,
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A) Survival curves of T1,2 oral cancer patients without nodal
metastasis (Group 1)
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FIGURE 2. Comparison of survival of T1, T2 oral cancer patients
with NO stage neck between the prophylactic neck dissection and
careful-observation treatment strategies (log rank test for group
1: p value = .40; for group 3: p value = .96). Bold line, prophylactic
neck dissection; thin line, careful observation in (B).

p = .84 for group 1 and group 3, respectively, in
T3,T4 patients). Therefore, 5-year survival prob-
abilities were calculated according to the group
and T stage regardless of treatment strategy. The
5-year survival probabilities are shown in Figure
1 along with the probabilities of having subclini-
cal nodal metastases.

Using the 5-year survival probabilities, the
probabilities of having subclinical nodal metas-
tases at the time of treatment for the primary
cancer and value x; the complete resection rate of
subclinical nodal metastases by prophylactic neck
dissection and value y; the utility rating for the
dissection, and threshold curves were obtained.
The curves according to T1,T2 and T3,T4 were y =
0.94/(0.94 + 0.008x), and y = 0.86/(0.86 + 0.04x),
when we used the low probability of nodal me-
tastasis in the careful-observation group. The
threshold curves were expressed as y = 0.86/(0.86
+ 0.05x), and y = 0.68/(0.68 + 0.21x) for T1,T2 and
T3,T4, respectively, when we applied the high
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A) Survival curves of T3,4 oral cancer patients without nodal
metastasis (Group 1)
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B) Survival curves of T3,4 oral cancer patients with nodal
metastasis (Group 2 and Group 3)
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FIGURE 3. Comparison of survival of T3, T4 oral cancer patients

with NO stage neck between the prophylactic neck dissection and

careful-observation treatment strategies (log rank test for group

1: pvalue = .92; for group 3; p value = .84). Bold line, prophylactic

neck dissection; thin line, careful observation in (B).

nodal metastasis probability obtained from the
prophylactic neck dissection group. When x and y
cross in the area above the curve, prophylactic
neck dissection is preferred as the standard
treatment for all oral cancer patients without
clinical nodal metastasis. On the other hand, if
they cross under the curve, careful observation is
preferred as the standard treatment for those
patients.

DISCUSSION

The validity of prophylactic neck dissection for
oral cancer patients who have no clinically obvi-
ous nodal metastases at the time of treatment of
the primary cancer has been discussed primarily
on the basis of survival comparisons between
those who were managed with prophylactic neck
dissection and those managed with -careful
observation/salvage treatment.'”® However, the

Primary Neck Management for NO Oral Cancer Patients

better survival observed in this study among the
prophylactic neck dissection group is to be ex-
pected compared with the careful-observation
group, because the former group includes pa-
tients whose subclinical nodal metastases, which
would have been clinically found at an advanced
stage if they had not been dissected at the same
time as the primary cancer, had been removed in
advance. Furthermore, a high probability of
nodal metastases among patients diagnosed
clinically as NO because of the low detection rate
clearly indicated better survival among the pro-
phylactic neck dissection group.

However, improvements in diagnostic accu-
racy for nodal metastases in the neck during re-
cent years, brought about by ultrasonography
and fine-needle aspiration cytology, enables
highly accurate detection of nodal metastases
that would have been diagnosed as NO in preop-
erative screening in the past.'’”'* These im-
provements in diagnostic accuracy have reduced
the probability of subclinical nodal metastases
among patients clinically diagnosed as NO in
preoperative examinations. Therefore, we should
also consider the benefits of each management
strategy for oral cancer patients with no nodal
metastases at the neck (ie, most NO patients).

Assuming that a high and accurate detection
rate of nodal metastasis can be achieved using
new technology and devices, our results show
that the preference and choice of one treatment
strategy over another depends on the values of x
and y (Figure 4). If y were quite close to 1; that is,
neck dissection does not cause any disadvantage
or damage to patients, prophylactic neck dissec-
tion should be chosen as the standard for oral
cancer patients with no clinical nodal metastases.
However, according to reductions in the value of
y; that is, as neck dissection becomes more and
more disadvantageous, higher complete resection
rates of subclinical nodal metastases, value x is
required to yield equal benefits for all patients.
When y is lower than 0.95, even though the re-
section rate is 1, that is, complete resection rate
is 100%, prophylactic neck dissection is not ac-
cepted as the standard strategy. When we assume
the low detection rate of nodal metastasis (high
subclinical nodal metastasis rate) observed in the
prophylactic neck dissection group (Figure 5), a
similar conclusion can be reached by applying the
complete resection rate obtained from Table 3;
0.32 (95% CI, 0.22—0.43) for T'1,T2 cases; group 2/
(group 2 + group 3) = 27/(27 + 58), and 0.43 (95%
CI, 0.26—0.61) for T3,T4 cases.
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A) Threshold curve and preference of two treatment
strategies for the neck of T1,2 oral cancer patients
without clinically overt nodal metastases
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B) Threshold curve and preference of two treatment
strategies for the neck of T3,4 oral cancer patients
without clinically overt nodal metastases
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FIGURE 4. Threshold curve and preferences of the prophylactic
neck dissection and careful-observation treatment strategies ob-
tained from two-way sensitivity analysis; y = utility rating value; x=
probability of complete resection of subclinical nodal metastases
by prophylactic neck dissection, where the probability of subclin-
ical nodal metastases was that of the careful-observation group.

There are several limitations to this study.
The management strategy for the neck of each
patient was not randomly assigned in this study.
However, we calculated the survival rates using
the status of nodal metastasis retrospectively
determined wusing surgically removed tissue
and follow-up data. Because the status of nodal
metastasis is not subject to any confounding fac-
tors in the preoperative procedures, the survival
data represent unbiased values, as proven by
the fact that survival rates between the same
groups were not statistically different (Figures 2
and 3).
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A) Threshold curve and preference of two treatment
strategies for the neck of T1,2 oral cancer patients
without clinically overt nodal metastases
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B) Threshold curve and preference of two treatment
strategies for the neck of T3,4 oral cancer patients
without clinically overt nodal metastases
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FIGURE 5. Threshold curve and preferences of the prophylactic
neck dissection and careful-observation treatment strategies
obtained from two-way sensitivity analysis: y = utility rating value;
X = probability of complete resection of subclinical nodal metas-
tases by prophylactic neck dissection, where the probability of
subclinical nodal metastases was that of the prophylactic dis-
section group.

Furthermore, y should be decided by simul-
taneously assessing physical, social, and emo-
tional aspects of neck dissection.®!® However,
even only a 5% disadvantage from neck dissection
is unacceptable. Thus, our result suggests that
the careful-observation strategy involving strict
intensive preoperative examination of the neck
should be applied for oral cancer patients with no
clinical nodal metastases. This suggestion is
consistent with previous decision analyses of
planning a management strategy for the NO stage
neck of oral cancer patients. 7
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The subclinical nodal metastasis rate is quite
different between the prophylactic neck dissec-
tion and the careful-observation groups. The
probability of subclinical nodal metastases in the
prophylactic neck dissection group is almost the
same as in previous reports.””* Because the
follow-up periods and survival between the pro-
phylactic neck dissection and careful-observation
groups were not statistically different, the dif-
ference probability of subclinical nodal metasta-
ses might not be due to different quality of
postoperative follow-up between the two neck
management strategies. Strict preoperative ex-
amination by ultrasonography and fine-needle
aspiration cytology may have contributed to the
low rate of subclinical nodal metastasis in the
careful-observation group. Standardized preop-
erative examination 1s required to explain the
difference in the subclinical nodal metastasis rate
between the prophylactic neck dissection and
careful-observation groups.

Neck management by prophylactic neck irra-
diation was not considered in this study. The ir-
radiation rates are relatively low in this series:
2.8% for T1,T2 patients and 7.4% for T3,T4 pa-
tients, and thus we believe that the irradiation
data would not affect these results.

In summary, our results suggest that the
careful observation strategy is preferable for all
oral cancer patients with no clinical nodal me-
tastases. However, to reduce the number of pa-
tients who have subclinical nodal metastases at
the time of the primary treatment, an intensive
preoperative clinical examination of the neck
needs to be standardized, and a standardized
systematic postoperative screening program of
the neck should be arranged for all patients.

Notes. Institutions involved in the Kyushu
Working Group for Oral Cancer, are as follows:
Department of Oral and Maxillofacial Surgery,
School of Medicine, University of Occupational
and Environmental Health, Japan (Dr. Kunio
Tkemura); Department of Oral and Maxillofacial
Surgery, Graduate School of Dental Science,
Kyushu University (Dr. Kanemitsu Shirasuna);
Department of Oral and Maxillofacial Surgery,
Kurume University School of Medicine (Dr. Jingo
Kusukawa); Department of Oral and Maxillofa-
cial Oncology, Division of Maxillofacial Diagnos-
tic and Surgical Sciences, Faculty of Dental
Science, Kyushu University (Dr. Masamichi
Ohishi); Department of Oral and Maxillofacial
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Surgery, Miyazaki Medical College (Dr. Ryosuke
Shiba); Department of Oral and Maxillofacial
Surgery, School of Medicine, University of the
Ryukyus (Dr. Hajime Sunakawa); First Depart-
ment of Oral and Maxillofacial Surgery, Kyushu
Dental College (Dr. Kazuhiro Tominaga); First
Department of Oral and Maxillofacial Surgery,
Kagoshima University, Dental School (Dr.
Kazumasa Sugihara); Department of Oral and
Maxillofacial Surgery, Kumamoto University
School of Medicine (Dr. Masanori Shinohara);
Department of Oral and Maxillofacial Surgery,
Saga Medical School (Dr. Takeshi Katsuki); De-
partment of Oral and Maxillofacial Surgery,
School of Medicine, Oita Medical University (Dr.
Shigetaka Yanagisawa); Second Department of
Oral and Maxillofacial Surgery, Kyushu Dental
College (Dr. Hideo Kurokawa); Second Depart-
ment of Oral and Maxillofacial Surgery, Kago-
shima University, Dental School (Dr. Tamotsu
Mimura); Second Department of Oral and Max-
illofacial Surgery, Nagasaki University School of
Dentistry (Dr. Hisazumi Ikeda); First Depart-
ment of Oral and Maxillofacial Surgery, Naga-
saki University School of Dentistry (Dr. Shigeru
Yamabe); and the Department of Oral and
Maxillofacial Surgery, Fukuoka Dental College
(Dr. Satoru Ozeki).
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