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Abstract. We studied the surgical treatments of patients with 
either esophageal cancer reaching to the muscularis mucosae 
(m3) or with a slight invasion of the submucosa (sm1). We 
reviewed the records and examined the clinicopathological 
features of 29 patients with m3 or sm1 esophageal squamous 
cell carcinoma who had undergone surgery. Lymph node 
metastasis was noted in 6.3% (1 patient) of patients with m3 
cancers and in 38.5% (5 patients) of those with sm1 cancers. 
The incidence of lymph node metastasis was higher in the 
sm1 than in the m3 group, but the difference was not signifi-
cant. Lymphatic invasion (ly) was noted in 12.3% (2 patients) 
of patients with m3 cancers and in 53.8% (7 patients) of those 
with sm1 cancers. The incidence of ly was significantly higher 
in the sm1 group than in the m3 group (P<0.05). In a multivar-
iate analysis of factors for predicting lymph node metastasis, 
the presence of ly was the only significant predictor (P<0.05). 
The preoperative diagnostic accuracies of endoscopic ultra-
sonography (EUS), esophagogastroduodenoscopy (EGD) and 
an upper gastrointestinal series (UGS) for predicting depth 
of invasion were 27.8, 31.0 and 41.4%, respectively, with 
the majority of the misdiagnoses being overestimations. In 
conclusion, we suggested that ly is associated with lymph node 
metastasis in m3 or sm1 esophageal cancer. This association 
is significant for treatment-related decision making.

Introduction

Recent diagnostic developments have led to the detection of 
superficial esophageal cancer. Consequently, an increase in 
the number of candidates for endoscopic mucosal resection 

(EMR) and endoscopic submucosal dissection (ESD) has been 
noted. Esophageal cancers extending to the intraepithelium 
(m1) or lamina propria (m2), in particular, rarely have lymph 
node metastasis or lymphatic invasion (ly) and are thus cura-
tive by local treatment and suitable for treatment with EMR/
ESD (1,2). On the other hand, the frequency of lymph node 
metastasis from cancer of the muscularis mucosa (m3) or the 
upper third of the submucosal layer (sm1) is 18.0 and 53.1%, 
respectively (3). In certain cases local treatment alone would 
be adequate; however, in other cases treatment for lymph node 
metastasis would need to be considered. Treatment strategies 
for m3 and sm1 cancers remain controversial. To provide 
appropriate treatment for these types of cancer, it would be 
useful to be able to identify patients that need treatment for 
lymph node metastasis. Diagnosis of lymph node metastasis 
from esophageal cancer by computed tomography (CT), 
ultrasonography and FDG-PET currently lacks accuracy. 
Subsequently, the accurate diagnosis of esophageal cancer 
prior to treatment presents a challenge. Depth of superficial 
esophageal cancer is normally diagnosed using endoscopy, 
endoscopic ultrasonography and a gastrointestinal series. 
However, despite the availability of these current modalities, 
accurate diagnosis of tumor depth remains difficult. If a clear 
diagnosis prior to treatment for m3 and sm1 esophageal cancer 
and accurate predictive factors of lymph node metastasis were 
to be obtained, it would be possible to accurately identify 
patients requiring treatment for lymph node metastasis. Thus, 
more optimal treatment for m3 and sm1 esophageal cancer 
would be possible. Finding solutions to the above-mentioned 
problems involves a detailed review of the clinicopathological 
features and outcomes of many cases. However, since m3 
and sm1 cancers are relatively uncommon, analyzing the 
characteristics of a sufficient number of these cases has been 
difficult. Nevertheless, there has been an increase of studies on 
the treatment of m3 and sm1 cancers along with the increasing 
incidence at which these lesions are being detected.

The present study reported on the clinicopathological 
characteristics of patients with m3 and sm1 cancers that 
underwent radical surgery in our hospital and whose exci-
sional specimens were examined pathologically. Particular 
attention was given to lymph node metastasis and ly. To obtain 
an accurate preoperative diagnosis, preoperative endoscopic 
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ultrasonography (EUS), esophagogastroduodenoscopy (EGD), 
and an upper gastrointestinal series (UGS) were performed. 
The most appropriate treatment strategy for m3 and sm1 
esophageal cancers was also examined.

Materials and methods

The study evaluated the clinicopathological features of 29 
patients (m3, 16 patients; sm1, 13 patients) with m3 or sm1 
esophageal squamous cell carcinomas. The patients had 
undergone radical surgery and excisional specimens had been 
examined pathologically. In particular, the preoperative diag-
nostic accuracy of the ability of EUS, EGD and UGS to predict 
depth of invasion was investigated. The presence of concurrent 
cancers in other organs as part of the background characteris-
tics of each patient were also examined. Statistical analyses 
were performed using Student's t-test and the Chi-square test 
for univariate analysis, and the logistic regression analysis for 
multivariate analysis. Significant differences were defined as 
P<0.05.

Results

Patient characteristics. The median patient age was 58 years 
(range 41-80). Patients included 25 males and 4 females. 
Locations of the primary tumors were: 1 in the cervical 

esophagus (4), 3 in the upper thoracic esophagus (4), 11 in 
the middle thoracic esophagus (4), 13 in the lower thoracic 
esophagus (4) and 1 in the abdominal esophagus (4).

Relationship between the muscularis mucosae group and 
the submucosa group. Table I shows the clinicopathological 
backgrounds of the patients. Lymph node metastasis was 
noted in 6.3% (1 patient) of patients with m3 cancers and in 
38.5% (5 patients) of those with sm1 cancers. The incidence 
of lymph node metastasis was higher in the sm1 group than 
in the m3 group, but the difference was not significant (data 
not shown). The individual case with lymph node metastasis 
in the m3 group had a poorly differentiated squamous cell 
carcinoma with ly. Overall, ly was noted in 12.5% (2 patients) 
of patients with m3 cancers and in 53.8% (7 patients) of those 
with sm1 cancers. The incidence of ly was significantly higher 
in the sm1 group than in the m3 group. The mean number of 
metastatic lymph nodes was 1.5.

Univariate and multivariate analysis of lymph node 
metastasis. We initially performed a univariate analysis to 
identify factors with any relationship to lymph node metas-
tasis (Table II). a multivariate logistic regression analysis was 
then performed using lymph node metastasis as the objective 
parameter and the depth of invasion and ly, which are relative 
factors in the univariate analysis, as explanatory parameters. 

Table I. Clinicopathological findings of m3/sm1 esophageal squamous cell carcinoma.

 m3 (n=16) sm1 (n=13) P-value

Median age (range) 58 (44-80) 58 (41-74) 0.607
Lymph node metastasis (%) 1 (6.3)   5 (38.5) 0.095
Lymphatic invasion (%)   2 (12.5)   7 (53.8) 0.047
INFa (%)    6 (37.5)   2 (15.4)
INFb (%) 10 (62.5)  11 (84.6) 0.364
Size of tumor (mean) 3.56 3.72 0.858

INF, infiltrative growth pattern; INFa (expansive type), expansive growth of tumor nests with a well-demarcated border from surrounding 
tissue; INFb (intermediate type), intermediate growth pattern, between INFa and c; INFc (infiltrative type), infiltrative growth of tumor nests 
with an ill-defined border from surrounding tissue.

Table II. Univariate analysis of relative factors for lymph node metastasis.

Clinicopathological factors n (+) n (-) P-value

age (median; year) 54 61 0.12
Gender (M:F) 3:3 21:2 0.09
Size of tumor (mean; cm) 3.53 3.66 0.91
Depth (m3:sm1) 1:5 15:8 0.03
ly (+:-) 5:1 4:19 0.01
INF (a:b) 0:6 8:15 0.24
Differentiation (well:mod:poor) 1:4:1 6:17:0 0.78

ly, lymphatic invasion.
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Consequently, ly was the only parameter that was associated 
with lymph node metastasis (Table III).

Diagnosis before treatment. The preoperative diagnostic 
accuracies of EUS, EGD and UGS for predicting depth of 
invasion were 27.8, 31.0 and 41.4%, respectively. In certain 
cases the depth of invasion was misdiagnosed (0, 3.4 and 3.4% 
for each modality, respectively). However, the majority of the 
misdiagnoses were overestimations (72.2, 65.6 and 51.7% for 
each modality, respectively) (Table IV).

Postoperative course. The median follow-up period was 
58 months (7-131 months) for our cases. No local recurrences 
or death were observed during the follow-up periods.

Discussion

The most important aspect in deciding the management of m3 
and sm1 esophageal cancers is lymph node metastasis (5-7). 
although CT, ultrasonography, EUS and FDG-PET have 
been used to diagnose lymph node metastasis in patients with 
esophageal cancer (8-10), the diagnostic capacity of each of 
these modalities is limited and the accurate diagnosis of lymph 
node metastasis prior to treatment is difficult (5). Therefore, 
when the imaging findings show that esophageal cancer is not 
accompanied by lymph node metastasis, we usually predict the 
possibility of lymph node metastasis from its depth of inva-
sion, and treatment is determined accordingly. Understanding 
the rate of lymph node metastasis associated with varying 
depth of invasion presents a problem. Consequently, patients 
with m3 or sm1 esophageal cancer should be carefully evalu-
ated to determine the most appropriate treatment.

In this study, the univariate analysis suggested that depth 
of invasion and ly were factors that associated significantly to 
lymph node metastasis. additionally, in the multivariate anal-
ysis, the presence of ly was a more relative factor than depth of 
invasion. Therefore, ly is potentially the most effective clinico-
pathological factor related to lymph node metastasis. Lymphatic 
invasion is an indicator that shows the transition of cancer cells 
into the lymphatic flow. In theory, if lymphatic invasion is posi-
tive, lymph node metastasis would also appear to be positive. 
However, there are cases in which lymph node metastasis is not 
associated with ly and vice versa. The correlation between ly 
and lymph node metastasis has been shown in gastric (11) and 
colorectal cancer (12). This correlation is a general relationship 
irrespective of the depth of invasion (3). Studies have reported 
on risk factors associated with lymph node metastasis in m3 or 
sm1 esophageal cancer. One such study suggested tumors that 
have ly, larger superficial size and wider muscularis mucosae 
invasion were associated with a high risk for lymph node metas-

tasis in patients with m3 or sm1 esophageal cancer. Moreover, 
endoscopic mucosal resection (EMR) may be indicated for 
the treatment of patients with m3 or sm1 cancer without these 
characteristics (13). another  study showed that additional 
treatment, such as radiotherapy, was necessary for patients with 
tumors that were pathologically diagnosed as being m3 cancer 
with ly or sm1 cancer after EMR (3,14). Using a multivariate 
analysis Tajima et al showed, in the almost same manner as 
in our study, that the risk factor of lymph node metastasis in 
esophageal cancer was only ly (6).

In the present study, the preoperative diagnostic accuracies 
of EUS, EGD and UGS for predicting depth of invasion were 
27.8, 31.0 and 41.4%, respectively. Depth of invasion of m3 
or sm1 lesions is difficult to determine accurately in patients 
with superficial esophageal cancer. Diagnostic criteria for m3 
or sm1 esophageal cancer per examination therefore need to 
be determined. In EUS, if irregularity or destruction is noted 
at the third layer from a total of seven layers of the esophageal 
wall, the tumor is regarded as deeper than m3 cancer. In 
endoscopy, m3 cancer shows slightly larger granules on 
the surface and sm1 cancer shows a depressed surface, 
demonstrating some irregularity and variability in granule 
size. In UGS, if the lateral view of the depressed or flat tumor 
is detected as focal straightening, the tumor is regarded as 
m3 or sm1 cancer. Previous studies showed the diagnostic 
accuracies of EUS, EGD and UGS for predicting depth of 
invasion to be as high as 79.6% (15), 80.2% (16) and 90% 
(17), respectively. In these studies, specialists in each method 
used the most up-to-date equipment; thus, results obtained 
were superior to those obtained in this study. Therefore, more 
accurate investigations should be conducted. Despite the use 
of the available diagnostic modalities, depth of invasion is 
overestimated. Depth of invasion is normally underestimated 
in cases in which the invasion of the submucosal layer by the 

Table III. Multivariate analysis of relative factors for lymph 
node metastasis.

 Odds ratio P-value 95% CI

Depth invasion   0.26 0.2959 0.019-3.534
ly 15.00 0.0181 1.219-184.821

Table IV. accuracy and tendency of preoperative diagnosis 
by endoscopicultrasonography, esophagogastroduodenoscopy 
and upper gastrointestinal series.

 accuracy Underestimated Overestimated
 (%) (%) (%)

EUS
  m3 (n=9) 33.3   0.0 66.7
  sm1 (n=9) 22.2   0.0 77.8
  Total (n=18) 27.8   0.0 72.2
EGD
  m3 (n=16) 31.3   0.0 68.7
  sm1(n=13) 30.7   7.7 61.5
  Total (n=29) 31.0   3.4 65.6
UGS
  m3 (n=16) 43.8   0.0 56.2
  sm1 (n=13) 38.5 15.4 46.1
  Total (n=29) 41.4   3.4 51.7

EUS, endoscopic ultrasonography; EGD, esophagogastroduodenos-
copy; UGS, upper gastrointestinal series.
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cancer is minor; however, it is overestimated in cases with 
fibrosis. The use of magnifying endoscopy for evaluating 
microvessels in the mucosal layer of the lesion was previously 
reported and appears to be useful for diagnosing the depth of 
invasion of superficial esophageal cancer (18,19). Investigations 
as to how accuracy at which the depth of invasion can be 
diagnosed should therefore be conducted.

Treatment selection for m3 or sm1 esophageal cancer 
include EMR/ESD, surgery and chemoradiotherapy. a search 
was conducted on PubMed for treatments using the keywords: 
superficial (or early) esophageal cancer, EMR, surgery and 
radiation for the period 1998-2008, and the results are shown 
in Table V (20-22). No report discussed the long-term outcome 
of chemoradiation; thus Table V includes findings on only 
radiation. Regarding clinical outcome, although treatments 
cannot be compared due to the differences of each background 
from which these data evolved, the 5-year overall survival 
rate is high and the recurrence rate is low following surgery. 
although local recurrences were noted in EMR and radiation, 
radiation had a higher recurrence than EMR. With regard to 
additional treatment for cases with recurrence or with high risk 
of recurrence, more choices of treatment are available in EMR 
than radiation, and EMR is able to be performed more safely 
than radiation. The complication rate after treatment is higher 
in surgery than other types of treatment. Subsequently, some 
patients were deceased within 1 month of treatment. In EMR 
and radiation, however, no treatment-related mortality has 
been noted and complication rates are almost equal, although 
the actual post-treatment complications are different between 
the two methods. Concerning quality of life after treatment, 
the esophagus is sacrificed during surgery, but EMR and 
radiation offer the benefit of postoperative preservation of the 
esophagus.

With regard to additional treatment after EMR/ESD, two 
cases in our series underwent radiotherapy. The patients had 
been pathologically diagnosed as being ly-positive following 
EMR and survived for long periods (118 and 34 months, 
respectively). additional treatment for m3 and sm1 esophageal 
cancer following EMR is presently controversial. Such addi-
tional treatment would likely be minimally invasive and would 
enable patients to maintain their quality of life after treatment. 

accordingly, the previous form of treatment was surgery. 
However, if lymph node metastasis is not clearly visible on 
image examinations performed when additional treatment 
commences, radiotherapy or chemoradiotherapy may then 
be appropriate. However, intractable ulcers and mediastinitis 
can be lethal complications of radiotherapy and should not be 
overlooked (23). Long-term toxicity after chemoradiotherapy 
is also a serious complication (24). Therefore, to avoid unnec-
essary additional treatments, the use of additional treatments 
after EMR/ESD should be examined.

Follow-up examination with Lugol's staining and biopsies 
is performed every 3 months during the first year after EMR/
ESD and then every 6 months (25). Rigorous follow-up at 
regular intervals is necessary, due to the possibility of local 
recurrence. The rate of local recurrence after EMR has been 
reported as 15.4-22% (26-29). Numerous studies showed that 
piecemeal resection in particular would increase the risk of 
local recurrence (1,26,30). ESD that has been performed in 
recent years allows for large en bloc resections, and is antici-
pated to be accepted as an important method for the expansion 
of the indications of endoscopic resection. another study 
showed, however, that piecemeal resection did not increase 
the risk of local recurrence (27). Therefore, it is also neces-
sary to investigate piecemeal resection by EMR/ESD in more 
detail. although lymph node recurrence and distant metas-
tasis of m3•sm1 cancer after EMR/ESD is a rare occurrence, 
follow-up at regular intervals with CT and other modalities is 
also necessary to detect early stage metastasis.

In conclusion, we suggest that lymphatic invasion 
is associated with lymph node metastasis in m3 or sm1 
esophageal cancer. This association is a significant factor for 
treatment-related decision making. Our results suggest that 
patients diagnosed with m3 or sm1 esophageal cancer prior 
to treatment should undergo EMR/ESD as the first surgical 
strategy. If the resected tumor is diagnosed as ly positive, 
additional treatments for lymph node metastasis should then 
be considered. Furthermore, radiotherapy may be a choice for 
additional treatment, except for surgery. Strategies need to 
be developed to improve the diagnosis of depth of invasion, 
investigate predictors of lymph node metastasis and evaluate 
appropriate additional treatment after EMR/ESD.

Table V. Clinical outcome of EMR, surgery and radiation for m3/sm1 esophageal squamous cell carcinoma.

 Efficiency of the treatment Safety Preservation of
   the esophagus
 ------------------------------------------------------------------------------------- -----------------------------------------------------------------------
 5-year rate of  Recurrence (%) Complication (%) Mortality (%)
 survival (%)
 ------------------------------------
 Local Distant

EMR 77.4 8.2 6.8 21.6 0.0 +
Surgery 84.5 - 4.3 55.0 3.0 -
Radiation 58.7  17.6 2.9 17.6a 0.0 +
(T1N0M0)

a>NCI-CTC grade III; EMR, endoscopic mucosal resection.
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