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ABSTRACT

Methods: We created a decision analysis model representing 2 treatment
strategies for cT2N0 esophageal cancer: upfront esophagectomy that may be
followed by adjuvant therapy for upstaged patients and induction chemoradiation for all patients with cT2N0 esophageal cancer followed by esophagectomy. Parameter values within the model were obtained from published
data, and median survival for pathologic subgroups was derived from the
National Cancer Database. In sensitivity analyses, staging uncertainty of endoscopic ultrasound was introduced by varying the probability of pathologic
upstaging.
Results: The baseline model showed comparable median survival for both strategies: 48.3 months for upfront esophagectomy versus 45.9 months for induction
chemoradiation and surgery. The sensitivity analysis demonstrated induction
chemoradiation was beneficial, with probability of upstaging > 48.1%, which
is within the published range of 32% to 65% probability of pathologic upstaging
after cT2N0 diagnosis. The presence of any of 3 key variables (size larger
than 3 cm, high grade, or lymphovascular invasion) was associated with
> 48.1% risk of upstaging, thus conferring a survival advantage to induction
chemoradiation.
Conclusions: The optimal treatment strategy for cT2N0 esophageal cancer depends on the accuracy of endoscopic ultrasound staging. High-risk features that
confer increased probability of upstaging can inform clinical decision making
to recommend induction chemoradiation for select cT2N0 patients. (J Thorac Cardiovasc Surg 2018;155:2221-30)

Induction chemoradiation is beneficial with a 48.1%
or higher probability of upstaging.
Central Message
Induction chemoradiation may offer a survival
benefit over upfront surgery for patients with
clinical T2N0 esophageal cancer who have
> 48% probability of pathologic upstaging.
Perspective
This research aims to address the controversy in
treating cT2N0 esophageal cancer that exists
because of the inaccuracies in endoscopic ultrasound staging. We created a decision analysis
model to compare 2 treatment paradigms for patients with cT2N0 esophageal cancer: upfront
esophagectomy and induction chemoradiation followed by esophagectomy, focusing on the influence of diagnostic inaccuracy on patient outcomes.

See Editorial Commentary page 2231.

Esophageal cancer is a common malignancy in the United
States, with approximately 17,000 new cases annually.1
Disease stage is based on the American Joint Committee

on Cancer criteria2 and determines the treatment paradigm.
Treatment for early stage, localized disease (T1N0) is primary surgery with no proven benefit from induction
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Objectives: We compared the effectiveness of upfront esophagectomy versus induction chemoradiation followed by esophagectomy for overall survival in patients with clinical T2N0 (cT2N0) esophageal cancer. We also assessed the
influence of the diagnostic uncertainty of endoscopic ultrasound on the expected
benefit of chemoradiation.
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Abbreviations and Acronyms
CROSS ¼ Chemoradiotherapy for Oesophageal
Cancer Followed by Surgery Study
EUS
¼ endoscopic ultrasound
NCDB ¼ National Cancer Database
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patients with esophageal cancer and to identify the
threshold for benefit of induction chemoradiation. We
explored the effect of the diagnostic uncertainty of EUS
and operative risk on the model, and evaluated tumor characteristics that affect a patient’s probability of upstaging.
METHODS
Decision Analysis Model
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therapy, and possibly a detriment in outcomes.3,4 Patients
with locally advanced disease (T2-T4, N1-N3) have
improved outcomes with induction chemoradiotherapy
compared with surgery alone.5 There are conflicting data
from retrospective studies on the benefit of neoadjuvant
chemoradiation for clinical T2N0 (cT2N0) disease.4,6-9
This observed variability in results may be due to
inaccuracies in clinical staging.
Endoscopic ultrasound (EUS) is the key diagnostic tool
used for determining clinical stage in locoregional disease
by assessing the depth of tumor invasion and presence of
regional lymphatic spread. Clinical EUS findings have
been compared with pathologic staging in surgical resection
specimens and accuracy varies drastically by stage.10 In patients with early and locally advanced disease, EUS has a
sensitivity of 75% and 73.7%, respectively, for properly
identifying the stage of disease.10 In patients with cT2N0
disease, EUS performs poorly with a sensitivity of only
9.1%. 10 Several series have found that cT2N0 patients truly
had pathologic T2N0 (pT2N0) disease only 6% to 29% of
the time, with probabilities of a true higher stage ranging
from 32% to 65%.4,8-16 These pathologically upstaged
patients were actually understaged clinically with EUS.
Because clinical staging is crucial in selecting appropriate
treatments to maximize survival, diagnostic uncertainty in
cT2N0 esophageal cancer has led to controversy about the
optimal treatment strategy. Consequently, clinical practice
with regard to providing induction therapy versus upfront
surgery is equivocal.8,16
The gold standard for determining the optimal treatment
for cT2N0 patients might be to conduct a randomized
controlled trial. Conducting such a large-scale trial in this
limited subset of patients with esophageal cancer would
be costly, accrue patients slowly, and require long-term
follow-up, making a clinical trial a very difficult way to
answer this question. Therefore, to address this problem,
we created a decision analysis model to evaluate the role
of neoadjuvant therapy versus upfront resection in cT2N0
2222

To determine the optimal strategy for treatment of patients with
cT2N0 esophageal cancer, we developed a decision analysis model using
TreeAge Pro software (version R2.1; TreeAge Inc, Williamstown, Mass).
The model compares survival based on initial treatment with surgery or
chemoradiation. Decision analysis uses mathematical modeling to
compare different treatment modalities by modeling plausible outcomes
over a range of clinical scenarios, estimating the effectiveness of each
treatment strategy. Sensitivity analyses can be performed to incorporate
uncertainty and assess the driving factors in the model. The probabilities
and median survival used to populate the decision tree were obtained
from published literature and a large validated database, the National
Cancer Database (NCDB).

Treatment Strategies and Structure of the Model
We modeled 2 groups of cT2N0 patients eligible for surgery: upfront
esophagectomy that may be followed by adjuvant therapy for pathologically upstaged patients and induction therapy followed by esophagectomy.
The model evaluated which treatment strategy would yield a better overall
survival. These 2 general treatment paradigms are reflected in our decision
tree (Figure 1). Patients in the esophagectomy arm were dichotomized to
perioperative death (defined as death within 30 days of surgery) or survival.
Patients surviving esophagectomy may receive adjuvant systemic therapy
if they have locally advanced disease (eg, T3 or Nþ). In contrast, patients
in the induction chemoradiation arm may experience death related to chemoradiation, become a nonoperative candidate due to treatment-related
morbidity or progression of disease, or they may remain an operative candidate and proceed to esophagectomy.

Model Parameters and Data Sources
The baseline values used in the model are described in the following
paragraphs and are summarized in Table 1.

Perioperative Mortality
Perioperative outcomes were assessed using 30-day mortality estimated
at 3%13 in both the upfront esophagectomy and induction chemoradiation
arms (Figure 1). In patients who died within the perioperative period after
upfront surgery, survival was counted as 0 months. However, patients
receiving induction chemoradiation have additional survival time during
neoadjuvant chemoradiation before perioperative death at time of esophagectomy. Patients dying during the perioperative period after induction
therapy were assigned a median survival of 2.4 months to account for chemoradiation therapy and the standard delay following induction therapy
before surgery based on the findings in Preoperative Chemoradiotherapy
for Esophageal or Junctional Cancer (Chemoradiotherapy for Oesophageal
Cancer Followed by Surgery Study [CROSS] trial).5

Morbidity and Mortality of Induction Therapy
Mortality during induction chemoradiation in our baseline model was
0.6% based on the CROSS trial.5 Patients who had a death related to induction therapy were assigned a survival of 0 months. Patients receiving induction therapy may not be operative candidates after completion of therapy.
Based on CROSS trial data, we used an estimate of 6% in our baseline
model to represent the proportion of patients who underwent
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chemoradiation and were no longer operative candidates because of progression of disease, patient preference, toxicity of chemotherapy, or decline
in health making them medically unfit for surgery.5 Median survival for patients who were deemed inoperable after induction therapy was
16 months.17

Accuracy of Clinical Staging
To reflect the uncertainty in EUS and the influence on survival in the
esophagectomy arm, we included the probability of upstaging, downstaging, and accurate staging using pathology data in patients who had undergone upfront esophagectomy. A literature search revealed 10 studies that

examined the diagnostic accuracy of endoscopic ultrasound in cT2N0 cancers. A summary of these studies, the number of patients included, and the
proportions of patients with same, down-, or upstaged disease is included in
Table 2. For our baseline analysis, the largest study by Speicher and colleagues8 was used, and the probabilities of same, up- and downstaging
were set at 0.416, 0.267, and 0.317, respectively. As shown in Table 2,
the range of upstaging probability ranged from 32% to 65%, and this variability was used as the basis for our 1-way sensitivity analysis of diagnostic
uncertainty (Figure 2). Because we varied the probability of upstaging in
our model from 0.3 to 0.7 to encompass the entire published range, we
held the ratio of the remaining proportion of same- and downstaged

TABLE 1. Probabilities used in the baseline decision-analysis model
Data source

Value

Upfront esophagectomy
Probability of preoperative death
Probability of patient upstaging
Probability of pathologically staged T2N0
Probability of patient downstaging
Probability of receiving adjuvant therapy if upstaged
Survival with adjuvant therapy in upstaged patients
Survival with surgery only in upstaged patients
Survival with surgery only in pathologically staged T2N0 patients
Survival with surgery only in downstaged patients

Variable description

Hofstetter and colleagues (2014)13
Speicher and colleagues (2014)8
Speicher and colleagues (2014)8
Speicher and colleagues (2014)8
Speicher and colleagues (2014)8
Samson and colleagues (2016)16
Samson and colleagues (2016)16
Derived from NCDB
Derived from NCDB

0.03
0.416
0.267
0.317
0.50
34.6 mo
20.8 mo
44.4 mo
83.6 mo

Induction chemoradiation followed by esophagectomy
Probability that patient becomes a nonoperative candidate after induction therapy
Probability of chemoradiation-related death
Probability of postinduction higher pathologic stage
Probability of postinduction pathologically staged T2N0
Probability of postinduction lower pathologic stage
Probability of postinduction perioperative death
Survival if patient has a perioperative death after induction
Survival if patient becomes a nonoperative candidate
Survival with trimodality therapy in upstaged patients
Survival with trimodality therapy in postinduction pathologically staged T2N0 patients
Survival with trimodality therapy in downstaged patients

van Hagen and colleagues (2012)5
van Hagen and colleagues (2012)5
Speicher and colleagues (2014)8
Speicher and colleagues (2014)8
Speicher and colleagues (2014)8
Hofstetter and colleagues (2014)13
van Hagen and colleagues (2012)5
Abrams and colleagues (2009)17
Derived from NCDB
Derived from NCDB
Derived from NCDB

0.06
0.006
0.341
0.243
0.416
0.03
2.3 mo
16.0 mo
34.6 mo
43.6 mo
66.5 mo

NCDB, National Cancer Database.
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FIGURE 1. Decision tree comparing upfront esophagectomy to induction chemoradiation followed by esophagectomy.
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TABLE 2. Published diagnostic accuracy of endoscopic ultrasound in patients staged as clinical T2N0 cancer undergoing upfront surgery. In
patients undergoing upfront surgery, pathologic upstaging is equivalent to esophageal ultrasound understaging and means that the patient was
found to have T3 or T4 or Nþ disease following surgical resection. Pathologic downstaging is equivalent to esophageal ultrasound overstaging
and means the patient had T1N0 disease
Study

n

Probability of pT2N0

Probability of
pathologic downstaging

Probability of
pathologic upstaging

Rice and colleagues (2007)4

53

13.0%

55.0%

32.0%

Crabtree and colleagues (2011)10

18

6.0%

50.0%

44.0%

11

Stiles and colleagues (2011)

40

12.5%

22.5%

65.0%

Zhang and colleagues (2012)9

14

29.0%

21.0%

50.0%

Crabtree and colleagues (2013)12

752

27.4%

25.9%

46.7%

Hofstetter and colleagues (2014)13

499

14.0%

44.0%

42.0%

Hardacker and colleagues (2014)14

68

8.5%

42.8%

48.5%

1599

26.7%

31.7%

41.6%

38

21.0%

47.0%

32.0%

Speicher and colleagues (2014)8
15

Tekola and colleagues (2014)

Samson and colleagues (2016)16

932

THOR

Range

54.3%
6%-29%

patients at 1:1. This reflected the ratios seen in the largest clinical
studies8,12 and prevented an unrealistic elimination of a pathologic
subgroup at the high end of the sensitivity analysis.

Treatment Effect of Induction Therapy
To evaluate the treatment effect of induction therapy, pathologic stage
after trimodality treatment with induction chemotherapy and radiation followed by esophagectomy was included in our model. For our baseline analysis, the largest study by Speicher and colleageus8 was used, and the
probabilities of upstaging, same stage, or downstaging for the induction
therapy arm were set at 0.341, 0.243, and 0.416, respectively. These probabilities reflect the both the diagnostic uncertainty of EUS as well as the
treatment benefit of induction therapy because fewer patients are likely
to be upstaged compared with upfront surgery. When conducting our sensitivity analysis of diagnostic uncertainty, we held the ratio of patients upstaged after upfront surgery to patients upstaged after induction therapy
and surgery constant at 0.82, based on the ratio observed in the study by
Speicher and colleagues.8 Additionally, we held the ratio of the remaining
patients with the same stage versus downstaged stable at 1:2. This incorporated the expected treatment effect of chemoradiation in a realistic way,
preventing distortion of the probabilities of each outcome as the chance
of upstaging was varied.

Adjuvant Therapy Use
Patients with cT2N0 disease who undergo upfront esophagectomy and
are upstaged are candidates for adjuvant chemoradiation. Practice patterns
for the use of adjuvant therapy are inconsistent. We used data from multiple
NCDB studies that demonstrated, in current practice, approximately 50%
of upstaged cT2N0 patients receive adjuvant therapy.8,16

Survival Outcomes for Patients in Each Arm
For upstaged patients undergoing upfront esophagectomy, median survival data were included from a study by Samson and colleagues16 that
explicitly examined upstaged cT2N0 patients stratified based on receipt
of adjuvant therapy. Those receiving adjuvant therapy had a median survival of 34.6 months versus 20.8 months for surgery alone, and these values
were incorporated into our model. For the remaining arms, no published
data were available that identified median survival for individual groups
of patients with cT2N0 disease treated with upfront surgery or induction
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45.7%
21%-55%

32%-65%

chemoradiation separated by their ultimate pathologic stage. Therefore,
we used data from the NCDB to generate Kaplan-Meier survival curves using SAS software version 9.4 (SAS System for Windows, SAS Institute Inc,
Cary, NC). The survival curves can be seen in Figure E1. Median survival
estimates resulting from these curves were 44.4 months for pT2N0 disease
after upfront surgery, 83.6 months for downstaged patients after upfront
surgery, 34.6 months for patients pathologically upstaged despite receiving
induction therapy, 43.6 months for postinduction pathologically staged
T2N0 disease, and 66.5 months for downstaged patients after induction
chemoradiation.

Decision Analysis and Sensitivity Analyses
The decision analysis model was run using TreeAge Pro to compute expected survival time for each treatment paradigm to determine which yields
the longest expected length of survival, incorporating the evidence-based
input probabilities for entering each branch point with median survival
as the outcome of interest for the terminal node. All of the baseline characteristics described above are listed in Table 1.
Within decision analysis, sensitivity analyses assess the stability of the
model over a range of probabilities, exploring how the assumptions made
with the various baseline inputs influence the overall outcome of the model.
One-way sensitivity analysis was conducted on the probability of upstaging
in the esophagectomy arm as described above to incorporate the diagnostic
uncertainty of EUS. Additionally, we performed a 1-way sensitivity analysis examining operative risk by varying the probability of perioperative
mortality between 3% and 10%, a clinically plausible range.13,18,19 We
also evaluated the effect of differential perioperative mortality between
the 2 arms. Despite experienced centers reporting comparable mortality
rates between the 2 strategies,13 a meta-analysis estimated patients treated
with chemoradiation may have twice the perioperative mortality as patients
receiving surgery alone,20 so we varied the mortality rate up to 6% in the
induction therapy arm.

Identifying Features That Predict Upstaging
After identifying the threshold of EUS understaging at which a benefit
would be expected from induction chemoradiation, we sought to investigate clinical or pathologic features of patients or their tumors that would
place them at risk of pathologic upstaging higher than the identified
threshold, suggesting these individuals might benefit from induction
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chemoradiation. To do this, we analyzed patients with cT2N0 disease from
the NCDB who underwent upfront surgery from 1998 to 2012. Descriptive
statistics were performed comparing tumor characteristics (eg, grade, histology, lymphovascular invasion, and tumor size) and patient characteristics (eg, age, sex, race, urban/rural, cancer center type, insurance status,
education status by ZIP code, income quartile by ZIP code, and Charlson
Deyo score) by pathologic staging group with c2, Kruskal-Wallis, and analysis of variance tests. Univariable and multivariable analyses were performed using binary logistic regression to assess the possible predictive
value for each of these variables for upstaging versus same stage or
downstaging.

RESULTS
Baseline Analysis
Our model resulted in an expected survival of
48.3 months in the patients receiving upfront esophagectomy compared with 45.9 months in patients treated with
induction chemoradiation, yielding an estimated survival
benefit of approximately 2.5 months with the upfront surgery strategy. To restate in another way, routine application
of induction therapy was likely to be harmful rather than
beneficial with regard to survival.
Threshold Analysis for EUS Diagnostic Uncertainty
The proportion of patients likely to be upstaged, and
therefore benefit most from induction chemoradiation,
across many published studies ranges from 32% to
65% as shown in Table 2. We varied this parameter in

the 1-way sensitivity analysis while holding the ratio of
same and downstaged patients stable at 1:1. The results
of this analysis (Figure 2) revealed that with a probability
of upstaging of 48.1% or greater, induction chemoradiation would be expected to confer a survival benefit over
upfront esophagectomy.
Sensitivity Analysis for Perioperative Mortality
In another 1-way sensitivity analysis, we varied the probability of perioperative mortality up to 10%, keeping all
other inputs stable. The results showed that upfront esophagectomy is the favored strategy compared with neoadjuvant treatment with a survival benefit of 2 to 3 months
throughout this range of surgical risk. When we evaluated
differential risk in perioperative mortality between the 2
strategies by increasing the rate in the induction arm, we
found that the threshold of pathologic upstaging for benefit
of induction chemoradiation increased to 50.8%, 53.4%,
and 55.9% at 4%, 5%, and 6% mortality, respectively.
Identifying Features That Predict Upstaging
Tumor and patient characteristics were examined in 1520
patients in the NCDB with cT2N0 disease who underwent
upfront surgery and had available pathologic staging data.
These characteristics were compared across patients who
were pathologically downstaged, pT2N0, and upstaged

FIGURE 2. One-way sensitivity analysis varying the probability of upstaging between 30% and 70%, with a threshold for benefit of induction chemoradiation seen at 48.1%.
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and the results of selected descriptive comparisons can be
seen in Table 3. Tumor grade (P < .001), histology
(P < .001), lymphovascular invasion (P < .001), tumor
size (P < .001), sex (P ¼ .008), cancer center type
(P <.001), and education status (P ¼ .013) were significantly different between the pathologic staging groups.
Age, race, urban/rural, insurance status, income quartile
by ZIP code, and Charlson Deyo score were not significantly different between groups.

Of the features that were statistically significant, tumor
grade, presence of lymphovascular invasion, and tumor
size all had clinically meaningful categories that placed a
patient above the threshold of 48.1% probability of upstaging, where patients may be expected to benefit from routine
induction chemoradiation. These categories are shown in
Table 3. For patients with tumor grade 3 and 4, 54.2%
and 55.6%, respectively, were ultimately pathologically upstaged. Patients with evidence of lymphovascular invasion

TABLE 3. Characteristics of patients in the National Cancer Database with cT2N0 esophageal cancer undergoing upfront surgery by true
pathologic stage
Variable

THOR

Tumor characteristic
Grade
1
2
3
4
Missing
Histology
Squamous
Adenocarcinoma
Other
Lymphovascular invasion
Present
Absent
Missing
Tumor size (cm)
Missing
<1
1 to <2
2 to <3
3 to <4
4 to <5
5þ
Patient characteristic
Age
Mean  standard deviation
Median (interquartile range)
Sex
Male
Female
Race
White
Black
Other
Urban/rural county
Metropolitan
Urban
Rural
Cancer center type
Community
Academic

n (% of total)

Downstaged

True T2N0

Upstaged

94 (6.2)
644 (42.4)
638 (42.0)
27 (1.8)
117 (7.7)

32 (34.0)
153 (23.8)
83 (13.1)
5 (18.5)
37 (31.6)

47 (50.0)
243 (37.8)
209 (32.8)
7 (25.9)
43 (36.7)

15 (16.0)
248 (38.5)
346 (54.2)*
15 (55.6)*
37 (31.6)

324 (21.3)
1088 (71.6)
108 (7.1)

55 (17.0)
245 (22.5)
10 (9.2)

137 (42.3)
376 (34.6)
36 (33.3)

132 (40.7)
467 (42.9)
62 (57.4)

92 (6.1)
137 (9.0)
1291 (85.0)

2 (2.2)
12 (8.8)
296 (22.9)

17 (18.5)
61 (44.5)
471 (36.5)

73 (79.4)*
64 (46.7)
524 (40.6)

259 (17.0)
74 (4.9)
241 (15.9)
329 (21.6)
250 (16.4)
267 (17.6)
200 (13.2)

68 (26.2)
29 (39.2)
74 (30.7)
59 (17.9)
42 (16.8)
20 (12.0)
18 (9.0)

104 (40.2)
33 (44.6)
88 (36.5)
118 (35.6)
85 (34.0)
50 (29.9)
71 (35.5)

87 (33.6)
12 (16.2)
79 (32.8)
152 (46.2)
123 (49.2)*
97 (58.1)*
111 (55.5)*

64.4  10.0
65.5 (58-72)

65.1  11.1
66 (57-74)

64.5  11.0
65 (58-73)

1234 (81.2)
286 (18.8)

264 (21.4)
46 (16.1)

424 (34.4)
125 (43.7)

546 (44.3)
115 (40.2)

1393 (91.6)
77 (5.1)
50 (3.3)

287 (20.6)
12 (15.6)
11 (22.0)

500 (35.9)
31 (40.3)
18 (36.0)

606 (43.5)
34 (44.2)
21 (42.0)

1169 (76.9)
230 (15.1)
30 (2.0)

242 (20.7)
34 (14.8)
10 (33.3)

424 (36.7)
84 (36.5)
9 (30.0)

503 (43.0)
112 (48.7)
11 (36.7)

674 (44.3)
846 (55.7)

112 (16.6)
198 (23.4)

272 (40.4)
277 (32.7)

290 (43.0)
371 (43.9)

P value
<.001

<.001

<.001

<.001

.585

.005

.847

.110

<.001

*Tumor feature associated with upstaging. Presence of these features place patients above the 48.1% probability of upstaging threshold where they may benefit from routine
induction chemoradiation.
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TABLE 4. Univariable and multivariable analysis of selected covariates with likelihood of upstaging as the dependent variable

Tumor characteristic
Grade
1
2
3
4
Missing
Histology
Squamous
Adenocarcinoma
Other
Lymphovascular invasion
Present
Absent
Missing
Tumor size (cm)
<1
1 to <2
2 to <3
3 to <4
4 to <5
5þ
Patient characteristic
Age
Sex
Male vs female
Race
White
Black
Other
Urban or rural county
Metropolitan
Urban
Rural
Cancer center
Academic vs community

Univariable analysis
Odds ratio (95% confidence interval)

P value

Multivariable analysis
Odds ratio (95% confidence interval)

<.0001
Reference
3.3 (1.9-5.9)
6.2 (3.5-11.1)
6.6 (2.6-16.8)
2.4 (1.2-4.8)

P value
<.0001

Reference
2.6 (1.3-5.1)
5.6 (2.9-10.8)
3.8 (1.4-10.9)
4.2 (1.9-9.5)
.009

0.9 (0.7-1.2)
Reference
1.7 (1.2-2.7)
<.0001
5.6 (3.4-9.4)
1.3 (0.9-1.8)
Reference

<.0001
4.6 (2.6-7.9)
1.4 (1.0-2.1)
Reference

<.0001
Reference
2.5 (1.3-4.9)
4.4 (2.3-8.5)
5.0 (2.6-9.7)
7.2 (3.6-14.3)
6.4 (3.3-12.7)
1.0 (0.99-1.01)

.531

1.2 (0.9-1.5)

.215

Reference
1.0 (0.6-1.6)
0.9 (0.5-1.7)

.971

Reference
1.3 (0.9-1.7)
0.8 (0.4-1.6)

.209

1.0 (0.8-1.2)

.747

were upstaged 79.4% of the time. Tumor size was also associated with upstaging: for tumors 3 to 4 cm, the rate of upstaging was 49.2%; for tumors 4 to 5 cm, the rate of
upstaging was 58.1%; and for tumors>5 cm, the rate of upstaging was 55.5%. Tumor size > 4 cm and presence of
lymphovascular invasion placed the patients above the
threshold for benefit of induction chemoradiation, even
when perioperative mortality for that strategy was doubled
within our model. Univariable and multivariable analyses
confirmed these variables were significantly associated
with upstaging (all P values<.0001) versus same- or downstaging, and the results of these analyses and corresponding
odds ratios can be seen in Table 4. A summary of the results
of these analyses can be seen in Table 5.

<.0001
Reference
3.1 (1.4-6.6)
5.3 (2.5-11.0)
5.5 (2.6-11.6)
7.9 (3.6-17.0)
7.3 (3.4-15.7)

DISCUSSION
Our decision analysis allows us to integrate the best available clinical evidence for the role of induction therapy in patients with cT2N0 disease. Our baseline model
demonstrated that, overall, patients with cT2N0 cancer
who underwent upfront esophagectomy have an estimated
survival benefit of approximately 2 to 3 months compared
with patients who underwent induction therapy followed
by esophagectomy. This benefit is likely due to the effect
of the true lower-stage patients in our model. Survival for
patients with disease staged less than pT2N0 is better
with upfront surgery4 due to avoidance of unnecessary
and likely harmful treatment in this population that could
cause deconditioning, chemoradiation-related morbidity
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TABLE 5. Summary of conclusions and supporting results
Analysis

THOR

Conclusion

Supporting results

Baseline decision analysis model

Survival is similar between upfront surgery
and induction chemoradiation, with a small
expected survival benefit of 2.5 mo for
upfront surgery

Upfront esophagectomy yields an expected
overall survival of 48.3 mo compared with
45.9 mo for induction chemoradiation

Sensitivity analysis of diagnostic uncertainty

Induction chemoradiation is expected to yield
a survival advantage within the published
range of esophageal ultrasound
understaging for cT2N0 disease (ie, 32%65%)

The threshold for benefit is with a probability
of upstaging of > 48.1% (see Figure 2)

Descriptive analysis of NCDB patient
characteristics by true stage

Patients with a tumor grade 3 or 4, tumor
size>3cm, or presence of lymphovascular
invasion would be expected to gain a
survival benefit from induction
chemoradiation

With any one of these features, the proportion
of patients who were upstaged was above
the threshold for benefit of 48.1% (see
Table 3)

Univariable and multivariable analysis of
NCDB patient characteristics

Tumor grade, tumor size, and presence of
lymphovascular invasion were found to be
associated with risk of pathologic
upstaging

These features were significant on
univariable and multivariable analysis (all
P values <.0001) (see Table 4)

NCDB, National Cancer Database.

or mortality, treatment delay, and potentially increased surgical complications and mortality. This result demonstrates
that identification of higher-risk patients for induction therapy would be expected to yield better results than taking a
uniform approach to this group.
Our findings also show that the theoretical threshold
of EUS understaging (or pathologic upstaging) at which
induction chemoradiation becomes beneficial is within
the published range of diagnostic uncertainty. The results
from this decision analysis can be used to guide clinical
recommendations for a patient with cT2N0 cancer based
on whether the patient’s probability of pathologic upstaging is > 48.1%. Our analysis of tumor factors
from the NCDB identified several high-risk features
that should raise suspicion for a true higher pathologic
stage. It would be reasonable to routinely use induction
chemoradiation for patients with any 1 of the following
features placing a patient above the threshold for benefit:
tumor grade 3 or 4, presence of lymphovascular invasion, or tumor size > 3 cm. Tumor size can be estimated
from an endoscopic exam and grade can often be assessed from a routine biopsy. Identification of lymphovascular invasion may depend on the size and quality
of a biopsy in addition to pathologic staining techniques,16,21,22 but can occasionally be determined
preoperatively,23,24 and when available may be very
helpful in guiding treatment.
Other universally available clinical features can also be
considered in the application of our model. Specifically,
dysphagia and positron emission tomography standardized
uptake values. Although no studies have explicitly
2228

examined the probability of upstaging in cT2N0 patients
with dysphagia, several series on resectable esophageal cancer have shown the presence of dysphagia to have a specificity for ‘‘at least T3 disease’’ of > 88%.25-27 Similarly,
studies examining positron emission tomography
standardized uptake values have not been done
exclusively in patients with cT2N0 disease; however, a
maximum standardized uptake value > 2.5 in the primary
tumor has been associated with presence of nodal
disease.28,29 Presence of these factors will likely place a
patient with cT2N0 disease above the 48.1% threshold
for benefit of induction chemoradiation and should be
considered during clinical decision making about the best
treatment strategy.
This study has some limitations that should be considered. First, data for the model were derived from existing
published studies and relied, at least partially, on retrospective reviews that may be influenced by selection bias. Patients who received adjuvant therapy likely had a smooth
operative course and were healthy enough to tolerate this
treatment. There may also be surgeon bias in selecting
low-risk patients for upfront surgery and high-risk patients
for induction therapy that may influence survival estimates
for the pathologically staged subgroups. We used data from
randomized controlled trials where available. However,
these data may also be biased by the performance status
needed to enroll in such trials: progression to inoperability
after induction therapy as well as the average time interval
from neoadjuvant treatment to surgery may be underestimated when considering that a patient with esophageal cancer may be frail. Second, for some survival data points we
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CONCLUSIONS
This decision analysis provides evidence that induction
chemoradiation improves survival in patients with cT2N0

esophageal cancer if the probability of EUS understaging
is > 48.1%. Upfront surgery is preferred when the error
rate of EUS is below this threshold. Several clinical factors,
including high tumor grade, presence of lymphovascular invasion, large tumor size, presence of dysphagia, or positron
emission tomography standardized uptake value > 2.5 increase the probability of EUS understaging and consequent
pathologic upstaging and can guide a clinician to consider
induction therapy. Although additional patient-specific factors must be considered with any clinical decision making,
this study helps to provide guidance in the initial management of cT2N0 esophageal cancer in the face of the inherent
diagnostic uncertainty of EUS staging (Table 5).
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FIGURE E1. Kaplan-Meier survival curves determined through use of Kaplan-Meier analysis for input into our decision tree. A, Median survival for patients receiving induction chemoradiation. B, Median survival for patients undergoing upfront esophagectomy after clinical T2N0 diagnosis. Relevant median survivals that were included in our model are detailed in Table 1.
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