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Abstract
Objectives—Esophagectomy is the standard treatment for T1 esophageal cancer (EC). With an
increasing interest in endoscopic therapies particularly for T1 EC, our objectives were to evaluate
the long term outcomes following esophagectomy and to examine the pathological features of T1
cancer in detail to determine the suitability for potential endoscopic therapy.

Methods—We reviewed the outcomes of esophagectomy in 100 consecutive patients with T1
EC. The primary endpoints studied were overall survival (OS) and disease-free survival (DFS). In
addition to detailed pathology review, we evaluated prognostic variables associated with survival.

Results—Esophagectomy was performed in 100 patients (79 men, 21 women; median age 68
years) for T1 EC (adenocarcinoma 91, squamous 9; intramucosal (T1a):29, submucosal (T1b):71).
The 30 day mortality was 0%. Resection margins were microscopically negative in 99% (99/100)
of patients. N1 disease was present in 21 patients (T1a:2/29(7%); T1b:19/71(27%)), associated
high-grade dysplasia in 64/100 (64%) and angiolymphatic invasion in 19/100 (19%) of patients.
At a median follow-up of 66 months, estimated 5-year OS and 3-year DFS were 62% and 80%,
respectively, for all patients (including N1). Nodal status and tumor size were significantly
associated with overall survival and disease-free survival, respectively.

Conclusions—Esophagectomy can be performed safely in patients with T1 cancer with good
long term results. Many patients with T1 EC have several risk factors which may preclude
adequate treatment with endoscopic therapy. Further prospective studies are required to evaluate
endoscopic therapies. Esophagectomy should continue to remain the standard treatment in patients
with T1 EC.

Introduction
The incidence of esophageal carcinoma has increased dramatically over the past three
decades. In the United States, adenocarcinoma now surpasses squamous cell carcinoma as
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the most common histological sub-type. This epidemiological shift is thought to be
secondary to changes in dietary habits, lifestyle, and an increase in the incidence of obesity,
gastroesophageal reflux disease and Barrett’s esophagus (BE)(1). The outcome for patients
with esophageal carcinoma continues to be poor with a 5-year survival rate of 14% (1). With
increasing use of endoscopic surveillance and early detection, more early stage T1 cancers
are being diagnosed (2). These early stage cancers present the best opportunity for cure.

Esophagectomy is the standard treatment for T1 esophageal cancer (EC) and, although
debated, should be strongly considered in patients with high-grade dysplasia (HGD) due to
the presence of occult cancer in about 40% of patients (3). Recently, however, there has
been increasing interest in endoscopic therapies particularly for T1 EC. These modalities
include ablative techniques such as photodynamic therapy (PDT) and endoscopic mucosal
resection (EMR)(4, 5). Ell and colleagues recently reported on the use of EMR with or
without PDT for T1 intramucosal cancer in 100 patients (5). However, in their report, only
patients with low-risk criteria were included, and patients with tumor diameter greater than 2
cm, angiolymphatic invasion, or poorly differentiated tumors were all determined to be
unsuitable for endoscopic therapy and were excluded. While the emerging endoscopic
therapies are of great interest, the adoption of these new endoscopic therapies must take into
account an understanding of the pathology and the behavior of the tumors. We analyzed
potential prognostic variables in the context of consideration for endoscopic therapies.

The objectives of this study were to a) evaluate the long term results of surgical resection for
management of the full spectrum of T1 esophageal cancer and b) identify the prognostic
factors, with particular attention to pathological features, to determine the potential
suitability of endoscopic therapies.

Methods
We reviewed our experience retrospectively with 100 consecutive, pathologically proven T1
esophageal tumors treated with esophagectomy at the University of Pittsburgh Medical
Center from 1995 to 2004. Patients who underwent neoadjuvant therapy or who had distant
metastases were excluded. This study was approved by the Institutional Review Board of the
University of Pittsburgh. Since this was a retrospective study, individual consent was
waived.

Staging and Surgical Procedures
All patients underwent a complete history and physical examination. Other staging studies
were: bronchoscopy for mid-esophageal lesions, esophagogastroduodenoscopy (EGD),
endoscopic ultrasound (EUS), and computed tomography (CT) scan. Positron emission
tomography (PET) scans were performed selectively in this series. The type and approach of
esophageal resection was at the discretion of the operating surgeon and comprised the
following approaches: (1) transhiatal esophagectomy, (2) thoracic approach combined with a
laparotomy or laparoscopy, with a cervical or intrathoracic anastomosis. Our technique for a
minimally invasive approach has been detailed previously (6). Patients were monitored
during visits to the thoracic surgery clinic. The current follow-up schedule in the clinic is: 2
weeks after discharge, then every 3 months for two years, followed by every 6 months for 2
additional years and then annually.

Pathology Evaluation
The standard procedure for processing esophagectomy specimens at our institution includes
immediate assessment of the specimen to measure tumor dimensions and obtain frozen
sections of margins, followed by formalin fixation overnight. For T1 tumors, when a mass is
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seen grossly, the entire mass is submitted for histologic examination along with thorough
sampling of any remaining Barrett’s segment. When no mass is seen grossly, the entire
Barrett’s segment is submitted for histologic examination. The pathology reports were
examined in detail. T1 esophageal cancers were further subdivided as follows: T1a
(intramucosal) – no invasion beyond the muscularis mucosae and T1b (submucosal) -
carcinoma with invasion into but not beyond the submucosa. Other variables which were
examined were tumor type, tumor grade, tumor size/length, nodal status, LVI, and
associated BE and HGD.

Quality of Life
We also assessed the quality of life by administering the Gastroesophageal Reflux disease-
Health Related Quality of Life (GERD-HRQOL) questionnaire (7). This is a disease-specific
instrument consisting of 9 questions (recently expanded to 10) related to heartburn,
regurgitation, dysphagia, and bloating, with responses from 0 to 5.The best possible score
(no symptoms) is 0 and the worst possible score (most severe symptoms) is 50. We
classified HRQOL scores as excellent (0–9), satisfactory (10–15), or poor (16–50) (6).

Statistical Design and Analysis
The primary endpoints of the study were to determine the disease-free survival (DFS) and
overall survival (OS). Kaplan-Meier plots were constructed using Greenwood confidence
limits for estimation of OS and DFS. Disease-free survival was computed as the time from
diagnosis to disease recurrence or death among patients who were rendered disease-free.
The log rank test was used to analyze differences between the groups. Log rank p values
were adjusted by the Step-down Bonferroni method. Tumor depth (stage T1a or T1b) was
cross-classified with other covariates and tested for association with either the chi square test
for 2 × 2 tables or the Cochran - Armitage test for trend across categories. In addition,
analysis of individual covariates predictive of survival was performed with Cox proportional
hazards regression method.

Results
1. Patient Characteristics

Esophagectomy was performed in 100 consecutive patients with a median age of 68 years.
There were a total of 79 men and 21 women. The histology was adenocarcinoma in 91%
(91/100) and squamous cell carcinoma in 9% (9/100). The tumor was intramucosal (T1a) in
29 patients and submucosal (T1b) in 71 patients. The patient characteristics are summarized
in Table 1. There were 12 patients who had a preoperative diagnosis of HGD. Of these
patients, 4 patients had T1a (intramucosal) neoplasms, and 8 patients had submucosal
lesions in the final pathology specimen

2. Staging
All 100 patients were staged with a CT scan (100%); EUS was performed in 91% (91/100)
of patients. PET scans were used selectively. In addition, when performing a minimally
invasive esophagectomy, our initial step was to perform a laparoscopic exploration, similar
to an exploratory laparotomy, prior to esophagectomy. Any suspicious lesions in the liver
and peritoneum were biopsied. Both the T and N status were assessed preoperatively
primarily by the EUS examination.

3. Surgery and Adjuvant therapy
Esophagectomy with an abdominal and thoracic approach with an intrathoracic or cervical
anastomosis was performed in most patients. A McKeown-type, 3-incision esophagectomy
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was performed in 77 patients, and an intrathoracic anastomosis was performed in 5 patients.
A transhiatal esophagectomy was performed in 18 patients. A minimally invasive approach
was used in 80 patients (80%). The 30-day operative mortality was zero (0%). The resection
margins were microscopically negative (R0) in 99 of the 100 patients (99%). Adjuvant
therapy was administered in 15 patients (all with N1 disease).

4. Pathological Evaluation
T1a tumors were noted in 29 patients and T1b tumors were noted in 71 patients. Nodal
metastasis (N1) was present in 21 patients (21%). Among patients with T1a tumors, 2/29
(7%) had N1 disease and among patients with T1b tumors, 19/71 (27%) had nodal
metastases. The other variables examined were associated HGD, which was present in
64/100(64%), and LVI which was present in 19/100 (19%) of patients. Other prognostic
variables examined were tumor length, histology and differentiation. The median tumor
length was 2 cm. The pathologic features are summarized in Table 1.

5. Association of depth of invasion with prognostic variables
The association between the depth of invasion (T1a vs. T1b) and nodal status, size, LVI,
HGD and degree of differentiation was analyzed. Interestingly, T1a tumors were more likely
to be associated with HGD. In addition, T1b lesions were more likely to be N1, more likely
to be bigger tumors, and more likely to be associated with angiolymphatic invasion
(P<0.05). These results are summarized in Table 2.

6. Analysis of Overall Survival and Recurrence
At a median follow-up of 66 months (range 1.2– 144 months), estimated 5-year overall
survival (OS) for the entire cohort including N1 patients, was 62 % (95 CI 53%–73%). The
median overall survival was 84 months (95% CI 73.2 - NR). There were a total of 20
patients who developed recurrence. The site of recurrence was predominantly distal and only
2 patients had local recurrence only. The estimated 3-year disease free survival (DFS) for all
patients (including N1) was 80% (Figure 1). The median DFS has not been reached. The
estimated 5-year overall survival for T1a (N0 and N1) and T1b (N0 and N1) were 73% and
60%, respectively. The estimated 5-year overall survival for patients with N0 and N1 were
70% and 35%, respectively (Figure 2).

7. Analysis of Prognostic Factors for Survival
Analysis of various covariates predictive of OS showed significance for nodal status; Tumor
size as a continuous variable was a significant predictor of DFS. Tumor length/size were
significantly associated with DFS (P<0.05) (Figure 3). Multivariate analysis showed that
tumor length (≥2cm vs. <2 cm) was a significant predictor of disease free survival (hazard
ratio 5.6 (CI 1.41 to 18.89; P value = 0.013).

8. Quality of Life
The GERD-HRQOL questionnaire was administered in 47 patients at a mean of 48.2 months
(median 37.6 months). The mean and median scores were 3.66 and 3 respectively (range 0–
13). This median score of 3.00 represents a normal score. HRQOL scores were excellent in
42 patients (89.4%; 42/47), and satisfactory in 5 patients (10.6%;5/47). These results suggest
that the quality of life was preserved in all patients in whom GERD-related quality of life
was studied.
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Comment
The incidence of EC has increased dramatically over the past three decades (1). Early stage
adenocarcinoma is more frequently encountered in clinical practice (2, 8). In light of
emerging endoscopic therapies for early stage cancers, we have analyzed the results of
surgical resection for T1 esophageal cancers in 100 consecutive patients. Our data show that
esophagectomy is both safe and effective. The perioperative mortality was low and
demonstrates the safety of primary surgery for early stage disease. Furthermore, at a median
follow-up of 66 months, the estimated three year disease-free survival (including node
positive patients; 21%) was 80% , demonstrating the efficacy of this approach. In addition,
nodal metastasis was associated with overall survival and tumor size/length was
significantly associated with disease free survival.

Liu and colleagues analyzed the results in 90 patients with T1 cancer and reported that LVI
was significant in predicting overall survival and recurrence (9). Rice and colleagues have
described the association of increased nodal involvement with increasing depth of invasion
(2). They reported the results of surgical treatment in 122 patients, of which 38 had HGD,
and 76 had T1 cancers (2). In their cohort, which included HGD, the estimated 5-year
overall survival was 77%. Our results in the present series of 100 patients, where we have
not included HGD, are comparable.

Endoscopic mucosal resection (EMR) has been used in Japan for early gastric neoplasm, and
is now being used for the treatment of HGD and early esophageal cancer. In a large series of
pathological analyses of EMR specimens from an experienced center, R0 resections were
done in only 75% (4). Further, there was a very high incidence of recurrences (30%), even in
experienced centers (10). In a very interesting recent updated study by Ell and colleagues,
the results of EMR (with PDT in 49%) in100 highly selected patients with T1 intramucosal
cancer (out of 667 patients referred for early adenocarcinoma or HGD) were reported (5).
The selection criteria for inclusion in this study by Ell and colleagues included diameter less
than 2 cm, macroscopic type I, IIa-b, or IIc lesions less than 1 cm, no angiolymphatic
invasion, and histologic grades G1 and G2 [well differentiated and moderately
differentiated, respectively]arising from BE. The lateral margins of resection were positive
in 34% of patients, and could not be assessed in 33% of patients. During follow-up (median
33 months), recurrent or metachronous lesions were detected in 11% of patients. The
estimated overall survival at 3 years was 98%. The survival results were encouraging in this
highly selected group of patients. However, of concern, is the high rate of positive margins
and recurrent or metachronous lesions during follow-up, even in this select group with
intramucosal tumors and low risk features.

In another report of EMR, there was a high incidence of incomplete resection, and
persistence/recurrence, pointing to the need for further studies with long term follow-up to
define the role of EMR in the treatment of early neoplasm (11). In comparison, the current
study which includes all patients with T1 disease, including those with adverse prognostic
factors, shows that an R0 resection was accomplished in 99% of patients with T1 cancer,
and, with a median follow-up of 66 months, the 3-year disease-free survival was 80%, and
very few patients had recurrence at the local site only. Although this is not a randomized
comparison, and definitive conclusions cannot be made, these results of local control argue
in favor of surgery. In addition, some investigators have also shown that genetic
abnormalities persist in the mucosa after PDT for dysplasia (12). Therefore, the role of
combination of PDT and EMR in the treatment of esophageal neoplasm also needs to be
defined.

Pennathur et al. Page 5

Ann Thorac Surg. Author manuscript; available in PMC 2010 July 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Staging and Diagnosis
It is generally accepted that the presence of submucosal invasion in T1 cancers is best
treated with surgical resection (5, 13). However, even with incorporation of high resolution
EUS, the current staging modalities are not accurate in the assessment of submucosal
invasion. In a prospective and blinded study, May and colleagues investigated the accuracy
of high resolution endoscopy and high resolution EUS (20MHz) in the staging of early
esophageal cancer (10). Although the sensitivity to detect intramucosal lesions was high
(90%), the sensitivity for detection of submucosal tumors was only 48% with EUS and 56%
with endoscopy, and a combination of these resulted in a sensitivity of only 60%. Given the
limitations of even high resolution EUS in detection of submucosal lesions, EMR may be a
useful staging modality. Recently, Maish, DeMeester and colleagues reported this approach
to evaluate the depth of the lesion (11). They point out that analysis of EMR specimens
gives a more reliable estimate of the depth of invasion and allows decision-making on the
approach and extent of esophagectomy.

There are also significant difficulties with the preoperative diagnosis of HGD (3). In
addition, another aspect, which is of concern in the pathological diagnosis, is the duplication
of the muscularis mucosa, a characteristic finding in BE, that can pose difficulty in proper
staging of T1a cancers (16). In a recent multi-institutional study of 50 T1a adenocarcinoma
patients, this phenomenon of duplication of the muscularis mucosa was seen in 92% of
patients. Of the 30 patients who had cancer involving the duplicated muscularis mucosa,
LVI was present in 17% of patients and nodal metastases were present in 10%. Invasion into
the duplicated muscularis mucosa can indicate aggressive properties, despite categorization
as an intramucosal T1a adenocarcinoma, and is a cause of concern.

Prognostic Variables in T1 esophageal cancer
It is important to consider several factors before deciding on the appropriate mode of
therapy (17). Our analysis of association of depth of invasion (T1a vs. T1b) showed that T1b
tumors had a significantly increased incidence of N1, were more likely to be bigger tumors,
and were more likely to be associated with LVI (P<0.05). Although it is commonly stated
that endoscopic therapies such as EMR and PDT are applicable to T1 lesions in general and
intramucosal lesions in particular because of the low risk of lymph node metastases, several
important limitations should be emphasized. In addition to lymph node metastases, other
factors of adverse prognostic significance include LVI and tumor length. Further, leaving
mucosa at risk with BE, particularly with associated HGD, may predispose for future
recurrent or metachronous cancer. In fact, early stage esophageal cancer presents the best
opportunity for a cure. Surgical resection is the standard wherein the neoplasm along with
the mucosa at risk is eliminated. In this study, we have also identified size/ length as an
important prognostic variable in resected T1 esophageal cancer. These data may support the
initiation of trials of adjuvant therapy protocols for resected early stage esophageal cancer.

Oh, in an analysis of 78 patients with intramucosal carcinoma treated with esophagectomy,
pointed out that 32% of patients with intramucosal cancer had no visible lesion to target, the
location of the neoplasm did not correspond to the visible lesion on endoscopy in 8%, and
multifocal cancer was present in 12% of patients, leading them to conclude that endoscopic
therapies are not applicable in nearly one-third of patients with intramucosal cancer (8).
Recently Altorki and colleagues reported an analysis in 75 patients with T1 esophageal
cancer (18). Nodal metastases were present in 6% of T1a and 17.5% of T1b tumors.
Collectively, 10 of 30 (33.3%) patients with T1a and 25 of 45 (55%) with T1b had
multifocal neoplasia, LVI, or nodal metastases. These authors concluded that combined high
incidence of multifocal neoplasia, LVI, and occult nodal metastases does not support the use
of endoscopic therapy in patients with T1 esophageal cancer regardless of depth of invasion,
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cell type, differentiation or extent of BE and suggested that these therapies be reserved for
high risk patients.

Quality of life
In an effort to decrease the morbidity and mortality and preserve the quality of life after
esophagectomy, we have adopted a minimally invasive approach. In the current series, the
quality of life as measured by the GERD-HRQOL was excellent in a majority of patients.
DeMeester and colleagues have proposed a vagal sparing esophagectomy in patients with
intramucosal cancer to decrease the morbidity associated with esophagectomy (8). One of
the drawbacks of our study is that pre- and postoperative scores were not examined. We are,
at present, prospectively evaluating the quality of life in patients who undergo
esophagectomy.

Decreasing the risks of esophagectomy
Despite the potential benefits of esophagectomy, one of the main concerns for
recommendation of esophagectomy, however, is the mortality associated with the procedure
(19). One of the important factors in lowering the risk of esophagectomy is the hospital
volume and experience of the surgeon doing the esophagectomy (19, 20). There are now
several studies which have addressed mortality in high-volume centers vs. low-volume
centers for esophagectomy (19,21,22). However, the reported mortality after esophagectomy
in these reports encompasses all stages, including locally advanced cancers and cancers in
patients who are malnourished. These results of mortality may not be applicable to patients
with early stage esophageal cancers and cannot be the basis for justification of endoscopic
therapy with an unknown long-term oncologic efficacy in early stage esophageal cancer
patients where there surgery provides the best opportunity for cure. In fact, in this series of
100 consecutive patients, the 30-day mortality was 0%, and similar low mortality figures
have been reported from other centers (2, 8, 17, 23, 24).

Conclusion
In summary, we report our experience in 100 consecutive patients who underwent
esophagectomy for T1 esophageal carcinoma. T1 cancer represents the best chance for cure
and esophagectomy can be performed safely in these patients in experienced centers with
good long term results. Other modalities of treatment currently under active investigation are
PDT and EMR. Many patients with T1 esophageal cancer may have one or more risk
factors, including angiolymphatic invasion, increased length, associated high grade
dysplasia, and nodal metastases, that may preclude adequate treatment with endoscopic
therapy. These endoscopic techniques are, however, applicable in high-risk medically
inoperable patients. While there is a great interest and enthusiasm for emerging endoscopic
therapies, the adoption of these new endoscopic therapies must take into account an
understanding of the pathology and the biology of these tumors. Surgeons should actively
investigate these newer endoscopic modalities and further prospective studies evaluating
newer endoscopic therapies are required to define optimal patient selection in this cohort of
patients. Esophagectomy should continue to remain the standard treatment in patients with
T1 esophageal cancer.
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Figure 1.
Kaplan-Meier Plot illustrating the disease-free survival for the entire group of 100 patients
after esophagectomy with confidence limits. The time is shown on the x axis in years. The
dotted lines are 95% confidence limits for the probability of disease-free survival. The
number of patients at risk at the start of each year is shown above the x-axis.
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Figure 2.
Kaplan-Meier Plot illustrating the overall survival stratified by N status with confidence
limits. The time is shown on the x axis in years. The error bars are 95% confidence bands
for the probability of overall survival (Log Rank P= 0.0057). The number of patients at risk
at the start of each year is shown above the x axis.
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Figure 3.
Kaplan-Meier Plot illustrating the disease-free survival with confidence limits stratified by
size of the tumor. The time is shown on the x axis in years. The error bars are 95%
confidence bands for the probability of disease-free survival (Log Rank P= 0.0012). The
number of patients at risk at the start of each year is shown above the x axis.
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Table 1

Patient Characteristics

Gender:   Male : Female 79 : 21

Median Age: 68 years (range: 42 – 83)

T Stage

 • T1 a 29

 • T1 b 71

N Stage

 N0: 79

 N1: 21

Histology

 • Adenocarcinoma 91

 • Squamous 9

Tumor Length: median: 2 cm

Associated Barrett’s Esophagus (BE): 84

Associated High-grade dysplasia (HGD): 64

Angiolymphatic Invasion (LVI): 19
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Table 2

Association of Depth with Other Prognostic Factors

Depth Total

T1a T1b

N
Stage

0 27 52 79 Fisher’s Exact p = .0308
adjusted p = .0616

1 2 19 21

Total 29 71 100

Depth Total

T1a T1b

Tumor
Size

2 cm + 6 44 50 Fisher’s Exact p = .0002
adjusted p = .0010

< 2 cm 21 24 45

Total 27 68 95

Depth

T1a T1b Total

High Grade
Dysplasia

Yes 25 39 64 Fisher’s Exact p = .0030
adjusted p = .0090

No 4 32 36

Total 29 71 100

Depth Total

T1a T1b

Angiolymphatic
Invasion

Yes 0 19 19 Fisher’s Exact p = .0013
adjusted p = .0052

No 29 52 81

Total 29 71 100

Depth Total

T1a T1b

Differentiation

Well 5 9 14 Cochran–Armitage
Trend Test p = .3263

Moderate 14 29 43

Poor 8 28 36

Total 27 66 93

Ann Thorac Surg. Author manuscript; available in PMC 2010 July 29.


