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Abstract

Background—Treatment strategy for patients with adequately staged cT2NOMO carcinoma of
the thoracic esophagus is a subject of debate. We analyzed the largest series of consecutive
cT2NOMO esophageal cancer patients treated with preoperative chemoradiotherapy.

Methods—All patients with cT2NOMO (assessment included endoscopic ultrasonography and
computed tomography of the chest and abdomen) thoracic esophageal cancer treated with
preoperative chemoradiation between 1997 and 2009 were analyzed. We used the Cox regression
model and Kaplan-Meier plots to analyze the data.

Results—Forty-nine patients were analyzed. The median follow-up was 28.46 months. Men and
adenocarcinoma histology predominated. Pathologic complete response was observed 19 (39%)
patients. Ten-year actuarial overall survival (OS) for adenocarcinoma patients was >60%. In the
univariate analysis for OS, squamous histology (p=0.006), smoking (p=0.015), and alcohol
consumption (p=0.032) were associated with poor OS. In the univariate analysis for disease-free
survival (DFS), squamous histology (p=0.009) and smoking (p=0.014) were associated with poor
DFS. In the multivariate analysis for OS, smoking was an independent prognosticator (p=0.02). In
the multivariate analysis for DFS, advanced yp stage (p=0.05) and nodal metastases (p=0.006)
were independent prognosticators. Patients with adenocarcinoma (p=0.002) and those with ypNO
had better OS and DFS. Upward stage migration occurred in only 10% of patients.

Conclusions—Our data suggest that smoking and alcohol influence the long-term outcome of
cT2NOMO patients. Adenocarcinoma patients treated with trimodality therapy had an excellent
actuarial 10-year OS and a high rate of pathologic complete response. Trimodality therapy should
be prospectively compared with primary surgery in these patients.
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Esophageal carcinoma is an aggressive malignancy and a major cause of cancer—related
deaths worldwide.1 The incidence of esophageal adenocarcinoma has been rising faster than
that of any other cancer in the western world for several decades2: 3 and in 2009, a total of
16,470 new cases and 14,530 deaths were estimated in the United States.4 Therapy options
available to patients with localized >cT1b esophageal cancer located in the thoracic cavity
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include primary surgery, preoperative therapy, or definitive chemoradiation therapy.5
Patients with cT1a cancer are best treated by an endoscopic mucosal resection and cT1bNO
by primary surgery but surgery for cT2-3 N1 or NO cancer leads to poor survival at 5 years
and preoperative therapy is often utilized without unequivocal level 1 evidence.6
Preoperative chemoradiation is preferred in the USA7: 8 and preoperative chemotherapy is
less preferred as two randomized trials are essentially negative.9: 10

CT2NO is a particularly interesting entity and its primary treatment remains a subject of
debate. Only limited information is available in the literature.11 Rice et al. made a number
of important observations that have implications on potential therapeutic strategies. All their
53 ¢cT2NOMO patients, who underwent surgery as primary therapy, were staged by
computerized tomographic scans and endoscopic ultrasonography, however, only 7 (13%)
had ypT2NOMO and 17 (32%) had a higher yp stage than the clinical stage. The overall 10-
year survival of 53 patients was approximately 30%. The authors also reported on 8 patients
who had preoperative chemoradiation therapy, they all did poorly. It would appear from this
solitary experience that there is considerable stage migration (in both directions) and that the
outcome of patients with surgery alone is poor. Nevertheless, surgery as primary therapy for
this group of patients is not ruled out.

Clearly, cT2NOMO esophageal cancer is hot a common entity and there is no agreement as
to how these patients should be treated. Rice et al. recommended surgery first as their
preference and postoperative adjuvant therapy if needed. They also emphasized the need for
more accurate clinical staging methods. In this manuscript, we present our experience with
49 patients who were fully staged and received preoperative chemoradiation therapy.

Patients and Methods

Patients

Therapy

We searched the Thoracic and Cardiovascular Department's esophageal cancer database at
the University of Texas MD Anderson Cancer Center between January of 1997 and March
of 2009 to find 49 consecutive patients who were fully staged and designated as cT2NOMO
and all had received preoperative chemoradiation.

Patients were included if they had upper gastrointestinal endoscopy with biopsy and
adenocarcinoma or squamous carcinoma histology, cT2NOMO staging by endoscopic
ultrasonography and computed tomography of the chest and abdomen. All eligible patients
were aged > 18 years. No other selection criteria were implemented. Positron emission
tomography scans were performed when available (n=34). Staging was determined based on
the American Joint Committee on Cancer TNM staging.12 This analysis was approved by
the Institutional Review Board of U. T. M. D. Anderson Cancer Center.

Preoperative chemotherapy consisted of a fluoropyrimidine and the second drug was either a
platinum compound or a taxane. Radiation dose varied from 45 to 50.4 Gy, in daily fractions
of 1.8 Gy. The details of radiation therapy are similar to those published recently from our
institution.13715

Approximately 5-6 weeks after the completion of chemoradiation, all 49 patients underwent
esophagectomy with lymph node dissection with curative intent. The types of surgery were:
transthoracic (Ivor-Lewis), 35 patients; transhiatal esophagectomy, 8 patients; total
esophagectomy (three-field techniques), 2 patients; and minimally invasive esophagectomy,
4 patients.
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Follow-up and Survival

Patients were followed periodically until 10 years or until death. Additional follow-up data
were obtained from review of MDACC tumor registry and the hospital records or social
security database. Follow-up time was calculated from the date of surgery to the event or to
the date of the last contact.

Statistical Analysis

Results

Data were collected in prospective manner with a standardized protocol. All statistical
analyses were performed using the SPSS Statistical Software Package, version SPSS 15.0
(SPSS Inc, Chicago, IlI). The differences between groups were tested for significance by
student's t test for continuous variables and Fisher's exact test or X2 test for categorical
variables. Univariable Cox regressions analyses were performed using death and recurrence
or death as the outcomes with a significance level of p<0.05. Covariates that were
significant at p<0.25 were included into the multivariable Cox regressions. Backward
stepwise Wald elimination at p=0.10 was used to find a final model. Death and recurrence or
death functions were calculated according to the Kaplan-Meier method and differences were
assessed using the log-rank test.

Patient Characteristics

Outcomes

Patients and tumor characteristics are summarized in Table 1. Median age was 58 years
(range, 33-77 years). Of 49 patients, 45 were men and 4 were women and the majority were
Caucasians (n=47). Adenocarcinoma was found in 44 patients and squamous cell cancer in 5
patients. Histology was poorly differentiation in 17 patients. The tumor location had been
principally at the lower esophagus and/or gastroesophageal junction (46/49).

The median follow up was 28.46 months (range, 1.6-141.07). Thirty-four patients (69.38%)
were alive and thirty-two patients (65.3%) were free of disease at last contact. The 5-year
rates for overall survival (OS) and disease-free survival (DFS) were 64.1% and 58.4%,
respectively. Mean OS was 92.617 months (95 Cl%: 72.921-112.314). In the univariable
analysis for overall survival: squamous histology (p=0.006), smoking (p=0.015), and alcohol
consumption (p=0.032) were identified as significant factors for poorer prognosis (Table 1).
The mean disease-free survival was 86.327 months (95 C1%: 66.316-106.339). Moreover, in
the univariable analysis for disease-free survival: squamous histology (p=0.009) and
smoking (p=0.014) were identified as adverse prognostic factors (Table 2).

However, in the multivariable analysis for overall survival, only smoking retained its
significance (p=0.02). In addition, advanced pathological (yp) stage (p=0.05) and lymph
node metastases (p=0.006) were predictive for worse DFS in the multivariable analysis
(Table 3).

Pathologic stage assessed in the surgical specimen by histology subtypes is shown in Table
4. Only 5 (10%) of patients had higher yp stage than cT2NOMO. Pathologic complete
response occurred in 15 (34%) of 44 adenocarcinoma patients compared to 3 (60%) of 5
squamous cell carcinoma patients (p=0.342). In addition, 12 (27%) patient had yp stage |
adenocarcinoma.
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Discussion

Lifestyle factors such as cigarette smoking, alcohol consumption, and body mass index
(BMI) have been identified as contributors to the risk of esophageal carcinoma.16 However,
it is unclear if such factors influence prediction of response to therapy or prognosis in
general of patients with esophageal carcinoma. In a 618-patient study conducted in
Swedenl7, increased BMI was a favorable prognostic factor for patients with
adenocarcinoma but tobacco use and low levels of education were associated with poor
outcome in patients with squamous cell carcinoma. Although, in our small study, smoking
and alcohol appear prognostic, a considerably larger effort is needed to determine the role
various lifestyle elements.

Whether the prognosis of patients with similar clinical stage but with either adenocarcinoma
or squamous cell carcinoma is different remains an unresolved issue. Published literature
suggests that patients with adenocarcinoma might fare better than those with squamous cell
carcinoma.18' 19 Our study cannot adequately address this issue as it had only 5 patients
with squamous cell carcinoma, albeit their prognosis and despite non-significantly higher
pathologic complete response rate, was unfavorable compared to the larger cohort of
adenocarcinoma patients. Since biologically these two histologies are quite different and one
could anticipate different clinical behavior but this needs further elucidation with larger
number of patients.

Our study provides the only large series of adequately staged cT2NOMO patients treated with
preoperative chemoradiation therapy. Our findings demonstrate that post-surgical upstaging
is uncommon compared to a report of patients who received surgery as primary therapy and
had considerable upstaging but we anticipated downstaging in our cohort because of the use
of preoperative chemoradiation. Our study also demonstrates that the actuarial 10-year
survival rate of patients with cT2NOMO adenocarcinoma is 60% and although our results
cannot be compared to those by others, they are encouraging. Our study also suggests that
the pathologic complete response rate is quite decent in patients with adenocarcinoma.

Our study also suffers from a number of drawbacks and these include: (1) retrospective
nature of the analysis, (2) small number of patients with squamous histology, and (3) small
number of overall sample size resulting in questionable results such as yp stage not
correlating significantly with overall survival and lifestyle elements emerging as
independent prognosticators. Our study cannot resolve the issue of what would be the best
therapy for patients with adequately staged cT2NOMO esophageal cancer but suggests that a
prospective evaluation may be warranted. It is acknowledged that a prospective randomized
phase I11 trial is likely not possible because of the paucity of patients with this stage of
esophageal cancer but a creative phase Il randomized trail is a possibility.

In conclusion, our study demonstrates that cT2NOMO patients treated with preoperative
chemoradiation have an excellent overall survival and disease-free survival. These results
provide support for multimodality therapy of this group of patients but with recognition that
further research is necessary to establish the most effective therapeutic algorithm.
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Table 1
Patient and treament characteristics and univariable Cox regression for overall survival

Characteristic
Gender

Male

Female

Age

Histology (Carcinoma)
Adenocarcinoma
Squamous Cell

Grade

Moderate differentiated
Poorly Differentiated
Tumor location
Middle

Lower/GEJ

Type of esophagectomy

45

49

44

23
17

46

Transthoracic (Ivor-Lewis) (reference) 35

Transhiatal

Total (3-field technique)
Minimally invasive
Tumor size(cm)

<3

>3

Pathological stage
Stage 0 (reference)
Stage |

Stage Il

Stage 11

BMI

<25

225

Alcohol use(240z/day)
No

Yes

Smoking

No

Yes

41

19
13

17
31

36
13

27
22

HR

0.045
1.009

6.839

0.685

0.27

0.603
1.309
8.752

0.042

0.737
1.681

0.436

3.038

1
6.411

95% ClI

0-864.924
0.961-1.059

1.719-27.211

0.214-2.194

0.058-1.253

0.132-2.759
0.167-10.285
1.567-48.893

0-117.881

0.176-3.092
0.533-5.303
0--—-

0.151-1.261

1.1-8.388

1.444-28.469

p-value

0.539

0.726

0.006

0.524

0.095
0.07

0.514

0.798
0.013

0.435

0.644

0.676
0.376
0.452

0.125

0.032

0.015

HR denotes hazard ration; Cl denotes confidence interval.
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Univariable Cox regression for disease-free survival

Table 2

Characteristic
Gender

Male

Female

Age

Histology (Carcinoma)
Adenocarcinoma
Squamous Cell

Grade

Moderate differentiated
Poorly Differentiated
Tumor location
Middle

Lower/GEJ

Type of esophagectomy

45

49

44

23
17

46

Transthoracic (Ivor-Lewis) (reference) 35

Transhiatal

Total (3-field technique)
Minimally invasive
Tumor size(cm)

<3

>3

Pathological stage
Stage 0 (reference)
Stage |

Stage Il

Stage 11

BMI

<25

225

Alcohol use(240z/day)
No

Yes

Smoking

No

Yes

41

19
13

17
31

36
13

27
22

HR

0.045
1.015

6.164

0.735

0.295

0.501
1.077
5.195

0.042

0.728
1.926
2.304

0.434

2.462

1
4.818

95% ClI

0-421.884
0.969-1.063

1.586-23.962

0.255-2.122

0.064-1.353

0.112-2.244
0.139-8.323
1.050-25.705

0-56.342

0.174-3.052
0.629-5.894
0.262-20.238

0.161-1.168

0.948-6.396

1.381-16.814

p-value

0.507

0.54

0.009

0.569

0.116
0.146

0.366

0.943
0.043

0.388

0.410

0.664
0.251
0.452

0.098

0.064

0.014

HR denotes hazard ration; Cl denotes confidence interval.
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Multivariable Cox regressions for overall survival and disease free survival

Table 3

Characteristic No

Overall Survival

Smoking
No 27
Yes 21

Disease-Free Survival

Lymph nodes involvement

No 46
Yes 3

Pathological stage

Stage 0 (reference) 19
Stage | 13
Stage Il 15
Stage 111 2

HR

5.932

9.034

0.789
1.077

95% ClI

1.324-26.567

1.863-43.811

0.166-3.752
0.301-3.856
0-0.013

p-value

0.02

0.006
0.050

0.766
0.909
0.011

HR denotes hazard ration; CI denotes confidence interval.
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Pathologic stage following surgery by histologic types (n=49)

Table 4

Pathologic Stage | Adenocarcinoma | Squamous cell carcinoma | Total
0 16 19

| 12 1 13
1A 13 1 14
11B 1 0 1

1 2 0 2
Totals 44 5 49
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