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Abstract

Background—We examined outcomes and trends in surgery and radiation use for patients with

locally advanced esophageal cancer, for whom optimal treatment isn’t clear.

Study design—Trends in surgery and radiation for patients with T1-T3N1M0 squamous cell or

adenocarcinoma of the mid or distal esophagus in the SEER database from 1998–2008 were

analyzed using generalized linear models including year as predictor; SEER doesn’t record

chemotherapy data. Local treatment was unimodal if patients had only surgery or radiation and

bimodal if they had both. Five-year cancer specific (CSS) and overall survival (OS) were analyzed

using propensity-score adjusted Cox proportional-hazard models.

Results—Overall 5-year survival for the 3,295 patients identified (mean age 65.1 years, SD 11.0)

was 18.9% (95%CI: 17.3–20.7). Local treatment was bimodal for 1,274 (38.7%) and unimodal for

2,021 (61.3%) patients; 1,325 (40.2%) had radiation alone and 696 (21.1%) underwent only

surgery. The use of bimodal therapy (32.8% to 42.5%, p=0.01) and radiation alone (29.3% to

44.5%, p<0.001) increased significantly from 1998 to 2008. Bimodal therapy predicted improved

CSS (HR:0.68, p<0.001) and OS (HR:0.58, p<0.001) compared to unimodal therapy. For the first

7 months (before survival curve crossing), CSS after radiation therapy alone was similar to

surgery alone (HR:0.86, p=0.12) while OS was worse for surgery only (HR:0.70, p=0.001).

However, worse CSS (HR:1.43, p<0.001) and OS (HR:1.46, p<0.001) after that initial timeframe

were found for radiation therapy only.
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Conclusions—The use of radiation to treat locally advanced mid and distal esophageal cancers

increased from 1998 to 2008. Survival was best when both surgery and radiation were used.

Introduction

Approximately 32% of esophageal cancer patients have regional disease at the time of

diagnosis, with a 5-year survival of 10–30%.1, 2 Surgery for locoregional esophageal cancer

is utilized in only 30–40% of resectable cases, perhaps because esophagectomy is

historically associated with significant morbidity and mortality and disappointing long-term

results.3, 4 The role of surgery has also been questioned by two trials that showed treatment

with chemoradiation followed by surgery did not improve survival compared to definitive

chemoradiation.5, 6 However, important limitations of most esophageal cancer studies that

involve surgery are relatively low patient numbers and heterogeneity in the T and N stages

of the patients treated. The purpose of this study was to use the Surveillance, Epidemiology,

and End Results (SEER) database, which is the largest population-based cancer registry in

the United States and contains 17 registries that cover 28% of the US population, to examine

local treatment trends in the use of surgery and external beam radiotherapy (EBRT) among

patients with locally advanced but potentially resectable T1-3N1M0 esophageal cancer of

the mid and distal esophagus to test the hypothesis that combined local therapy was superior

to either surgery or EBRT alone in the treatment of these patients. Analysis of a population

based cancer registry with advanced statistical methods could provide evidence to support

data from prospective randomized trials in this relatively uncommon disease.

Methods

The Duke University Institutional Review Board approved the performance of this

secondary SEER database analysis. The following characteristics of patients with

esophageal cancer were extracted using SEER*Stat 7.0.5: age (patients age 91 years and

older were recoded into the single category of “≥90 years” to meet protected patient health

information guidelines), gender, race, ethnicity, marital status, and year of diagnosis.

Staging was based on the 6th edition of the AJCC Cancer Staging Manual.7 Tumor-node-

metastasis (TNM) stage was manually recoded using available SEER variables for patients

in whom TNM stage was not explicitly recorded. When enough tumor information was

present in SEER, patients with T3 or T4 tumors were unambiguously recordable while T-

stage was classified as T1/2 when T1 and T2 tumors could not be distinguished in the

manual recoding. Finally, the following tumor characteristics were collected and grouped:

tumor location, histology, grade, primary tumor status (T1, T2, T3, T4, T1/2, unknown),

nodal status (N0, N1, unknown), and metastasis status (M0, M1, unknown).

Because SEER did not record specific surgical codes for esophageal cancer prior to 1998,

this analysis included only patients from the years 1998 to 2008. Our main goal was to

assess local treatment trends and outcomes after surgery only, EBRT only, or treatment with

surgery and EBRT, therefore, only patients who underwent one of those treatment options

with known sequence of the two treatment components were included in the analysis. From

this subset, we included only patients aged 18 years or older having either squamous cell

carcinoma (SEER codes 8050–8089) or adenocarcinoma (SEER codes 8140–8389) of the
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mid or lower esophagus. Because treatment recommendations for cervical esophageal cancer

is significantly different than for those of the mid and lower esophagus and the upper

thoracic esophagus has a significant overlap with the cervical esophagus, cancers of the

cervical and upper thoracic esophagus were not included in this study.8 Finally, only stage

T1-3N1M0 patients were included to restrict our analysis to a homogeneous group of

esophageal cancer patients with locally advanced, lymph node positive tumors that are still

potentially resectable. SEER tumor stage is based on pathological information when surgery

was the primary cancer-directed therapy and clinical information if surgery was not

performed or if patients had neoadjuvant therapy before esophagectomy.

Patients were grouped as follows: preoperative EBRT and esophagectomy, esophagectomy

with postoperative EBRT, esophagectomy only, and EBRT only. Local treatment was

further classified into unimodal (EBRT or esophagectomy only) and bimodal therapy

(esophagectomy with preoperative or postoperative EBRT). The primary outcome of interest

was treatment trends from 1998 to 2008. As secondary outcomes, we investigated cancer-

specific (CSS) and overall survival (OS) according to the predefined treatment groups. As

the cause of death is included as a distinct variable in SEER, CSS was considered when

patients died of esophageal disease. The following three strategies were compared: 1)

unimodal versus bimodal, 2) EBRT only versus esophagectomy only, and 3) preoperative

versus postoperative EBRT.

Statistical analysis

Demographical and esophageal tumor characteristics were compared using t-test for

continuous and chi-square test for categorical variables. Data are shown as means/standard

deviations or counts/percentages, where appropriate. The trend over time of the distinct

treatment groups was evaluated using logistic regression analysis having year as a

continuous predictor in the model. Year was chosen as a continuous variable to best

represent the whole time-period of interest with one result while data are shown as Odds

ratios (OR) and corresponding 95% confidence intervals (CI). For analyzing OS, patients

who were still alive at last follow-up were right censored while for CSS, patients dying from

another cause of death than esophageal cancer were also right censored. Overall and cancer

specific survival curves using the Kaplan-Meier method to compare unimodal versus

bimodal, definitive ERBT only versus surgery only, and preoperative ERBT versus

postoperative ERBT were drawn. Statistical comparison was done using the log-rank test.

Unadjusted hazard ratios (HR) with corresponding CI were calculated from Cox

proportional hazard models for OS for the predefined treatment combinations. Hazard ratios

for CSS were estimated using competing-risks regression models according to the method

described by Fine and Gray to account for the fact that non-cancer specific death prevents

cancer specific death from happening.9

Multivariable adjusted Cox proportional hazard regression analysis were performed

including gender, age (≤65 years, >65 years), race, ethnicity, marital status, tumor grade,

tumor location, T-stage, histology, and year of diagnosis (5 groups) as a priori defined

covariates. Age was stratified as described because that is the age non-disabled patients in

the United States become eligible for the Medicare program. The propensity score (PS) was
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calculated using a multivariable logistic regression model with treatment as the dependent

variable and gender, age (≤65 years, >65 years), race, ethnicity, marital status, tumor grade,

tumor location, T-stage, histology, and year of diagnosis (5 groups) as independent

variables. The Cox proportional hazard models for OS and the competing-risks regression

model for CSS were then adjusted using the PS together with the aforementioned a priori

defined covariates. Because the survival curves in the subgroup analyses of radiation only

versus surgery only crossed and therefore violated the proportionality assumption of the Cox

proportional hazard models, we stratified the analysis to the time period before and after the

crossing. Main analyses were performed including all patients while subgroup analyses were

performed for patients with adenocarcinomas and squamous cell cancers.

We performed two sets of sensitivity analysis. First, we included the number of distinct

primary tumors into the propensity score calculation to account for the fact that patients with

multiple tumors might have undergone another treatment strategy than patients where the

esophageal cancer was first detected. Second we performed a landmark study by left

truncating the patients with a survival time below 3-months to acknowledge a potential

immortal time bias in regard of receipt of unimodal versus bimodal therapy 10

All statistical calculations were performed using Stata/SE version 11.2 (Stata Corporation,

College Station, TX, USA). A significance level (alpha) of 0.05 was chosen for all analyses

while all p-values were calculated 2-sided.

Results

SEER analysis identified 3,295 patients with locally advanced (T1-T3N1M0) esophageal

cancer who were either locally treated with surgery alone (n=696, 21.1%), EBRT alone

(n=1,325, 40.2%), or esophagectomy with EBRT (n=1,274, 38.7%) in the years 1998–2008.

Most of the patients had an adenocarcinoma (n=2,221, 67.4%), the minority had a squamous

cell carcinoma (n=1,074, 32.6%). During the study period, 855 (26.0%) of the patients

underwent preoperative EBRT, 419 (12.7%) postoperative EBRT, 1,325 (40.2%) ERBT

only, and 696 (21.1%) esophagectomy only.

Overall, bimodal therapy with surgery and EBRT was performed in 1,274 (38.7%) patients

and 2,021 (61.3%) patients underwent unimodal therapy with either surgery or EBRT alone.

Table 1 shows the patient and tumor characteristics overall and for the unimodal and

bimodal treatment strategy. Compared to patients undergoing bimodality therapy, patients

undergoing unimodal therapy were older, had more often mid-esophageal locations and

squamous cell histology, were more likely to be female and married, and were less likely to

have both stage III disease and a T3 primary tumor.

From 1998 to 2008, the use of bimodal therapy increased from 32.8%–42.8% (OR per year:

1.03, CI: 1.01–1.06, p=0.01), with a corresponding decrease in unimodal therapy from

67.2%–57.2%. In addition, both EBRT only (29.3%–44.5%; OR per year: 1.05, CI:1.02–

1.08, p<0.001) as well as preoperative EBRT (20.7%–32.5%; OR per year:1.08, CI: 1.05–

1.11, p<0.001) increased from 1998 to 2008. Conversely, surgery only (37.9%–12.7%; OR

per year:0.90, CI: 0.87–0.92, p<0.001) and postoperative EBRT (12.1%–10.3%; OR per
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year: 0.94, CI: 0.91–0.97, p<0.001) decreased over this time-period. Similar results were

found in subgroup analysis for adenocarcinomas while for squamous cell cancer only, the

rate of preoperative EBRT and bimodal therapy did not change from 1998 to 2008.

Median follow-up time was 11 months (range:0–130) for patients undergoing unimodal and

16 months (range: 0–125) for patients undergoing bimodal therapy. Overall 5-year survival

for all patients was 18.9% (CI:17.3–20.7). Cause of death (esophageal cancer versus other)

was similarly distributed among patients undergoing unimodal and bimodal therapy

(p=0.13). 5-year CSS and OS for unimodal therapy was 20.7% (CI:18.3–23.3%) and 12.9%

(CI:11.1–14.8) while it was 36.4% (CI:32.8–39.9) and 28.8 (CI:25.7–32.0) for bimodal

therapy, respectively. In unadjusted survival analysis, the log-rank test favored bimodal

therapy over unimodal therapy (Figure 1a) and surgery only over EBRT only (Figure 1b) for

both CSS and OS (p<0.001 for all comparisons). No CSS difference was detected for EBRT

before versus after surgery (p=0.19) while OS was better in patients undergoing preoperative

EBRT (p=0.03) (Figure 1c).

PS-adjusted Cox proportional hazards regression and competing risk analyses for the entire

cohort of patients are demonstrated in Table 2. Unimodal therapy (reference group)

continued to predict worse CSS (HR:0.67, CI:0.60–0.74, p<0.001) and OS (HR:0.57, CI:

0.52–0.62, p<0.001) compared to bimodal therapy. The Kaplan Meier survival curves of

EBRT only and surgery alone crossed at 7 months; EBRT alone had a better OS for the first

7 months and similar CSS compared to surgery only, while surgery only showed a better

CSS and OS for the following time. When bimodal therapy was used, no statistically

significant differences in CSS or OS were observed between preoperative versus

postoperative EBRT (p>0.09 for both comparisons). All estimates for patients with

adenocarcinomas stayed similar when stratified analysis for adenocarcinoma and for

squamous cell carcinoma were performed (Table 3). Bimodal therapy continued to predict

better CSS and OS in patients with squamous cell carcinoma. While surgery only for

squamous cell carcinoma had similar CSS but worse OS for the first 7 months compared to

EBRT only, no such difference was found after the first 7 months. Also, no differences in

CSS or OS were seen when preoperative and postoperative EBRT were compared for

squamous cell cancer patients.

Sensitivity Analysis

First: all main analysis estimates remained stable without change in any significance levels

when the number of distinct primary tumors was included in the PS calculation. Second: the

recalculated estimates for the main analyses remained stable even after left truncating

patients with a survival time of less than 3 months (data not shown).

Discussion

Patients with esophageal cancer and lymph node involvement who are treated with surgery

alone have a five-year survival of 15–40%.11 Many studies involving various combinations

of surgery, chemotherapy, and EBRT have been conducted in efforts to improve these

relatively poor long-term results. The National Comprehensive Cancer Network (NCCN)

guidelines reflect the lack of available definitive data on the optimal local treatment for
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esophageal cancer without distant metastases.8 These guidelines allow for the entire

spectrum of possible treatment for tumors that at least invade the muscularis propria,

including any combination of esophagectomy and chemoradiation. In this study with

analysis limited to patients with potentially surgically resectable esophageal cancer of the

mid and distal esophagus in the presence of nodal disease, we have identified that induction

EBRT followed by surgery and definitive EBRT are being used with increasing frequency.

In addition, we have identified that combined therapy with surgery and EBRT is associated

with superior outcomes compared to either surgery or EBRT alone.

The results of this study are consistent with other studies that have shown that EBRT is an

important determinant of survival in patients with node positive disease treated with surgical

resection.12, 13 Although randomized trials have shown conflicting results when comparing

multi-modality therapy with surgery alone, several meta-analyses have shown a benefit to

induction therapy followed by surgical resection.14–18 Limitations of those previous studies

were that they included a heterogeneous group of T and N stages and in some cases, gastric

cancer. An advantage of our current study is that a large number of this particular subset of

patients could be identified for analysis.

The potential benefits of multi-modality therapy in previous studies may have been offset by

increased treatment mortality when surgery was included, especially considering that these

studies contained relatively small numbers of patients.5, 6, 19 Indeed, a critical factor when

considering surgical resection for esophageal cancer is the potential perioperative morbidity

and mortality. Historically high mortality rates associated with esophagectomy likely have

limited the use of surgical resection.3, 4 Although recent data from high-volume centers have

shown low mortality rates of 1 to 3.5%, studies involving population-based databases or

multi-center trials show that esophageal resection continues to have relatively high

perioperative mortality rates of 8.8 to 14%.20–24 In this study, perioperative mortality

appeared to be significant in that patients treated with surgery appeared to have worse

outcomes in the first seven months after diagnosis compared to those treated without

surgery. However, despite the initially worse observed results when surgery was involved,

overall patients treated with surgery had better long-term outcomes. These findings

underscore the importance of limiting surgical morbidity so that both overall outcomes can

be optimized and that surgery can be applied in more cases.

In this study, the timing of EBRT when combined with surgery did not show any impact on

survival. There are theoretical advantages to both preoperative and postoperative EBRT.

Postoperative EBRT may reduce the incidence of local recurrence in patients who have

residual tumor after resection, though it is not clear if postoperative EBRT is beneficial in

the absence of residual disease.1, 25, 26 The potential advantages of preoperative EBRT

include tumor downstaging that may improve resectability, improving tolerance as

compared to postoperative treatment, avoiding potential EBRT damage to the conduit used

for esophageal replacement, and allowing time for the detection of distant metastatic disease

that therefore avoids morbidity in patients who would not be expected to derive benefits

from aggressive surgical resection. However, randomized controlled studies are needed to

better define the optimal timing of therapy when combining surgery and EBRT.
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The SEER dataset does have inherent limitations. First, data regarding chemotherapy

administration is missing. The impact of this limitation on our finding that combined therapy

is better than unimodal therapy is not clear. Many if not most of the patients in our study

population who received EBRT were likely to also have had chemotherapy as early

randomized trials showed that definitive chemoradiation was superior to EBRT alone.26–29

Patients undergoing surgery without EBRT may have been less likely to have received

chemotherapy, which could have negatively biased the results seen with surgery as unimodal

therapy. Second, data regarding patient co-morbidities and performance status were missing.

These factors are potentially important in predicting both survival as well as treatment,

particularly surgery, and would have strengthened the propensity score calculation if they

had been available. Third, information on complete/incomplete resections as well as on

response to EBRT are not collected in SEER which therefore can not be included in the

analysis. The restriction of only including T1-T3 tumors in the analysis likely limited the

number of patients who had R2 resections with gross residual disease, but some patients

may have had R1 resections with positive microscopic margins. Fourth, our analysis is based

on staging information according to the UICC 6th edition and not to the newer UICC 7th

edition. However, the only staging changes that would affect our patient population are the

more detailed stratifications of nodal status in UICC 7th edition. Although this stratification

does improve the survival prediction, this staging change has not yet impacted on treatment

recommendations that could impact our analysis. Fifth, despite accumulating a relatively

large homogenous group of patients with the SEER database, our analysis may still be

underpowered to detect small differences in outcomes, particularly between patients treated

with induction or adjuvant radiation therapy. Unfortunately, considering the relative

uncommon nature of esophageal cancer, accumulating a larger number of patients via

another dataset or via a prospective study is unlikely. Finally, the overall follow-up period

for the patients in the study is relatively short.

An additional limitation is that the differences in outcomes for the various therapies may

have been biased by the way staging is recorded by SEER. The recorded SEER stage is

based on pathological examination in patients who underwent esophageal resection as their

first treatment, while the clinical stage prior to treatment is the recorded SEER stage for

patients who underwent preoperative EBRT or EBRT only. Considering that clinical staging

is not as reliable as pathological staging, patients who did not have surgery as their initial

treatment may have been under-staged or over-staged, which could have either negatively or

positively biased the results seen for patients who had surgery as their first treatment. The

recorded clinical stage is further potentially biased by the method of staging, considering

that endoscopic ultrasound, particularly when combined with fine-needle aspiration, is much

more accurate than CT scans for nodal staging.30 Unfortunately, the specific staging

modalities used are not recorded in SEER, and the impact of staging bias cannot really be

estimated.

However, the strength of using SEER for this investigation is the power to assess almost

3,300 patients with locally advanced mid and distal esophageal cancer, which allows both

subset analysis and major generalization of the results as SEER represents about 28% of the

United States population. Any clinical trial is extremely unlikely to ever be able to assemble

a similar number of patients. The results of this population-based analysis show that
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treatment has changed over time such that radiation and combined modality therapy is

increasingly used, but that treatment is still somewhat variable. This treatment variability is

not necessarily surprising, given that guidelines allow a wide variety of treatment

possibilities.8 However, the results show improved outcomes with combined modality

treatment, which is consistent with data from recently published randomized trials.18

Considering that patient treatment in SEER reflects clinical practice outside of the realm of

potentially selective controlled clinical trials, these results show that the benefits of

combined modality treatment seen in randomized trial are also observed in a population-

based setting and further support the treatment of locally advanced esophageal cancer with

combined EBRT and surgery.
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Figure 1.
Figure 1a–c: Kaplan-Meier curves: Cancer specific and overall survival comparing a)

unimodal versus bimodal therapy, b) definitive external beam radiotherapy (EBRT) only

versus surgery only, and c) preoperative EBRT versus postoperative EBRT.
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