Short Communication (Management of Foregut Malignancies and Hepatobiliary Tract and Pancreas Malignancies)

Clinical fate of TON1 esophageal cancer: results from the National
Cancer Database

Caitlin Takahashi', Ravi Shridhar’, Jamie Huston’, Kenneth Meredith*

'Naval Medical Center Portsmouth, Portsmouth, VA, USA; *Florida Hospital Cancer Institute, Orlando, FL, USA; 3Sarasota Memorial Hospital,
Sarasota, FL, USA; *Sarasota Memorial Hospital, Florida State University College of Medicine, Sarasota, FL, USA

Correspondence to: Kenneth Meredith, MD, FACS. Professor, Florida State University College of Medicine; Director, Gastrointestinal Oncology, Sarasota
Memorial Institute for Cancer Care, 1950 Arlington Suite 101, Sarasota, FL. 34239, USA. Email: Kenneth-Meredith@smh.com or kensurg@hotmail.com.

Abstract: The long-term survival for patients with locally advanced esophageal cancer (EC) remains poor
despite improvements in multi-modality care. Neoadjuvant chemoradiation (NCR) followed by surgical
resection remains pivotal in the management of patents with EC. However, the outcome of patients whose
primary tumor exhibits a complete response with residual regional nodal disease (TON1) remains unclear
as well as the role for adjuvant therapy. Utilizing the National Cancer Database we identified patients with
EC who underwent NCR followed by esophagectomy who had subsequent pathology of TON1. Baseline
univariate comparisons of patient characteristics were made for continuous variables using both the Mann-
Whitney U and Kruskal Wallis tests as appropriate. Pearson’s Chi-square test was used to compare categorical
variables. Unadjusted survival analyses were performed using the Kaplan-Meier method comparing survival
curves with the log-rank test. All statistical tests were two-sided and « (type I) error <0.05 was considered
statistically significant. We identified 7,116 patients diagnosed with EC; 6,235 (87.6%) adenocarcinoma (AC),
881 (12.4%) squamous cell carcinoma (SCC) with a median age of 62 [21-88] years. There were
6,031 (84.8%) males and 1,085 (15.2%) females. RO resections were achieved in 6,668 (93.7%) patients
and this correlated to improved median survival 39.5 (R0) and 20.1 (R1) months respectively, P<0.001.
The median nodes harvested were 13 [0-83] with a mean positive LN’s of 1.4+2.9. Pathologic complete
response (pCR) was achieved in 1,334 (18.7%), partial response (pPR) 2,812 (39.5%) and non-response
(pNR) 2,970 (41.7%). There were 230 (3.2%) patients deemed as pathologic TON1. The median survival of
patients with pCR was 61.7 months compared to 32.1 months in the TON1 patients P<0.001. TONI patients
did not demonstrate an improved survival over T1/2 patients who had a median survival of 30.5 months,
P=0.79. However, TON1 did reveal an improved survival over T3/4 patients who had a median survival of
24.6 months, P=0.02. Adjuvant chemotherapy in TON1 did not provide a benefit in survival, median survival
adjuvant versus no adjuvant 30.8 vs. 32.1 months respectively, P=0.08. Multivariate analysis in TONT1 patients
demonstrated only number of LN’s positive, and histology SCC vs. ACC as predictive of survival, HR, 1.22,
95% CI: 1.10-1.36, P<0.001; HR, 0.43, 95% CI: 0.24-0.75, P=0.003, respectively. Patients with EC who
exhibit a pathologic TONT1 after NCR have oncologic fates similar to node positive patients. Patients with
pCR of the primary tumor and regional lymph nodes continue to demonstrate significant survival benefits

over all remaining pathologic cohorts.
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Introduction

Esophageal cancer (EC) is the eighth most common
cancer worldwide and one of the fastest growing cancer
diagnoses in the United States with 16,940 new cases and
15,690 deaths estimated for 2017 (1,2). Advancements in
the treatment of EC has improved median survival from 11
months in the 1970s to 35 months after the year 2000 (3).
Even with developments in surgical technique and
neoadjuvant therapy, EC patients have a 10-year survival
rate of only 14% (3).

Surgical resection has become a mainstay of EC therapy
with a goal of achieving negative surgical margins (4).
The addition of neoadjuvant chemoradiation (NCR) has
demonstrated a decrease in pathological node positive
status, decreased positive surgical margins, and lesser rate
of recurrence (5,6). Most notably, neoadjuvant therapy has
improved median survival to 49.4 versus 24.0 months for
surgery alone (7). Furthermore, neoadjuvant therapy has
improved pathologic complete response (pCR) rates (8).
Throughout the history of EC treatment pCR has been
established to have the most improved median and overall
survival (OS) up to 66 months and 52% respectively (8).
Achieving pCR has also demonstrated improved RO
resection rates and decreased rates of recurrence when
compared to pathologic partial response (pPR) and non-
responders (NR) (8).

In addition to neoadjuvant therapy, adjuvant therapy
for EC continues to be investigated but controversial
(4,9,10). One study did demonstrate a survival benefit in
node positive patients who received adjuvant therapy and
using multivariate analysis they demonstrated that adjuvant
therapy is an independent prognostic factor in survival for
node positive patients (9).

Pathological complete response rate is well understood
in terms of survival and positive-node status has shown
improvement with adjuvant therapy. However, patients
with pathological complete response of the primary tumor
(T0) but positive nodal status (N1) have an undetermined
outcome. Our goal is to determine the significance of a
TON1 diagnosis, the overall prognosis for these patients
and whether they will benefit from additional therapy.

Methods

The National Cancer Database (NCDB) is a dataset
maintained by the American College of Surgeons and the
American Cancer Society and collects patient data from
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>1,500 centers across the United States. This retrospective
database study was approved and deemed exempt by the
institutional review board at Sarasota Memorial Hospital as
it did not involve patient identifiers. Utilizing the National
Cancer Database, we identified patients with EC between
2004 and 2013 who underwent neoadjuvant chemotherapy
and radiation to a total dose between 41.4-50.4 Gy followed
by esophagectomy. We further identified those patients who
had subsequent pathology of TON1. Patients were excluded
if they had metastatic disease, cervical EC, unknown
nodal status, or if mortality occurred within 90 days. Only
adenocarcinoma (AC) and squamous cell carcinomas (SCC)
were included.

Patient characteristics were reported by group using
mean, median, SD and interquartile range for continuous
variables and using frequencies for categorical variables.
Baseline univariate comparisons of patient characteristics
were made for continuous variables using both the Mann-
Whitney U and Kruskal Wallis tests as appropriate.
Pearson’s Chi-square test was used to compare categorical
variables. Survival was evaluated on the basis of time from
date of diagnosis to date of death or censoring. Unadjusted
survival analyses were performed using the Kaplan-Meier
method comparing survival curves with the log-rank test. All
statistical tests were two-sided and o (type I) error <0.05 was
considered statistically significant. Statistical analysis was
performed using SPSS® version 23.0 (IBM®, Chicago, IL,
USA). This study was approved as exempt by the
Institutional Review Board.

Results

We identified 7,116 patients with EC; 6,235 (87.6%) with
AC and 881 (12.4%) with SCC. The average age of both
groups was 62 years and there were more males in both
groups, 5,453 (87.5%) men with AC and 578 (65.6%)
men with SCC. The median lymph nodes removed were
13 [0-83] and the mean lymph nodes positive were
1.4£2.9. Negative surgical margins were achieved in 6,668
(93.7%) of patients and positive margins in 448 (6.3%).
Complete response rates were identified in 1,334 (18.7%),
partial response in 2,812 (39.5%), and no response in
2,970 (41.7%). Of all patients, 763 (10.7%) received
adjuvant chemotherapy. Adjuvant therapy was received in
699 (11.2%) of AC group and 64 (7.3%) of SCC. A total of
230 patients (3.2%) were diagnosed as TON1 (1able I).

OS was greatest in patients with pathological complete
response; median OS 61.7 months and 5-year OS 51.8%.
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Table 1 Patient characteristics

Takahashi et al. TON1 EC outcomes

Variable

Squamous cell, N=881, n (%)

Adenocarcinoma, N=6,235, n (%)

Total, N=7,116, n (%)

Median age [range]
Gender
M
F
Location
Middle
Lower
GEJ
Overlap
Path T stage
TO
T
T2
T3
T4
Path N stage
NO
N1
N2
N3
pTON+
Median lymph nodes removed [range]
Mean lymph nodes positive (SD)
Grade
Low (well)
Intermediate (mod)
High (poor)
30-day mortality
90-day mortality
Surgical margins
Negative (RO)
Microscopic (R1)
Macroscopic (R2)
Response
Complete
Partial
None
Adjuvant chemotherapy
Yes

No

62 [30-86]

578 (65.6)
303 (34.4)

336 (38.1)
425 (48.2)
80 (9.1)
40 (4.5)
331(37.6)
96 (10.9)
151 (17.1)

291 (33.0)
12 (1.4)

643 (73.0)
209 (23.7)
27 (3.1)
2(0.2)
34 (3.8)
12.5 [0-70]
0.7 (1.8)

64 (
403 (45.7)
414 (47.0)
(1.9)
6.5)

7.3)
;

17
57
832 (94.4)
49 (5.6)
0

296 (33.6)
315 (35.8)
270 (30.6)

64 (7.3)
817 (92.7)

62 [21-88]

5,453 (87.5)
782 (12.5)

175 (2.8)

3,667 (58.8)

2,238 (35.9)
155 (2.5)

1,243 (19.9
1,031 (16.5
1,271 (20.4
2,608 (41.8
82 (1.3)

)
)
)
)

3,603 (57.8)
1,808 (29.0)
601 (9.6)
223 (3.6)
196 (3.1)
13 [0-83]
1.5 (3.0)

279 (4.5)

2,493 (40.0)

3,463 (55.5)
149 (2.4)
361 (5.8)

5,836 (93.6)
390 (6.3)
9(0.1)

1,038 (16.6)
2,497 (40.0)
2,700 (43.3)

699 (11.2)
5,536 (88.8)

62 [21-88]

6,031 (84.8)
1,085 (15.2)

511 (7.2)
4,092 (57.5)
2,318 (32.6)

195 (2.7)

1,574 (22.1
1,127 (15.8
1,422 (20.0
2,899 (40.7
94 (1.3)

)
)
)
)

4,246 (59.7)
2,017 (28.3)
628 (8.8)
225 (3.2)
230 (3.2)
13 [0-83]
1.4 (2.9)

343 (4.8)

2,896 (40.7)

3,877 (54.5)
166 (2.3)
418 (5.9)

6,668 (93.7)
439 (6.2)
9(0.1)

1,334 (18.7)
2,812 (39.5)
2,970 (41.7)

763 (10.7)
6,353 (89.3)
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Table 2 OS compared to TON+ (all patients)

883

Variable Median OS (m) 5y OS (%) HR 95% Cl P
pTO N+ 32.1 26.4 Ref Ref Ref
pTO NO (pCR) 61.7 51.8 0.52 0.41-0.66 <0.001
pNO 54.2 46.9 0.60 0.48-0.75 <0.001
pT1-2 NO 58.2 48.5 0.57 0.45-0.72 <0.001
pT3-4 NO 35.7 37.8 0.78 0.62-0.99 0.04
pN+ 26.4 23.0 1.22 0.97-1.52 0.09
pT1-2 N+ 30.5 24.9 1.03 0.81-1.31 0.79
pT3-4 N+ 24.6 21.4 1.31 1.05-1.65 0.02
RO 39.5 38.6 0.77 0.61-0.95 0.02
R1-2 20.1 141 1.65 1.28-2.13 <0.001
OS, overall survival.
Median OS (months) respectively, P<0.001.
o " Patients with TON1 demonstrated a median OS of
juvant chemo 347 32.1 months and 5-year OS of 26.4% P<0.001 compared to
No adjuvant chemo 38.2 patients with pCR (61.7 months and 51.8%). Patients with
T1/2N0 had better median and OS compared to T1/2N+;
Survival functions , 58.2 months and 48.5% versus 30.5 months and 24.9%
1.0 chgﬁﬁﬁ?gpy respectively, P<0.001 (7able 2).
mths;ffed _ In all patients, there was no significant improved median
084 " Didnotreceive OS with adjuvant therapy versus no adjuvant therapy, P=0.4
(Figure 1). Patients with TON1 who received adjuvant
- therapy also failed to reach statistically significant improved
g o6 . .
s OS compared to no adjuvant therapy, P=0.08 (Figure 2).
é Node negative patients similarly did not show improved
a3 o4 == median and OS with adjuvant therapy, P=0.4 (Figure 3).
However, node positive patients did show greater median
0.2 and OS with adjuvant therapy 30.1 months and 27% than
without adjuvant therapy 25.7 months and 24.3%, P=0.03
0.04 (Figure 4). Multivariate analysis demonstrated that in

T T T T

T T T
0 10 20 30 40 50 60
Last contact or death, months from Dx

Figure 1 OS by adjuvant chemotherapy status (all patients). OS,

overall survival.

Node negative patients (NO) also showed improved median
and OS; 54.2 months and 46.9% respectively. Patients with
RO surgical margins showed a 39.5 month median survival
and 38.6% S5-year survival and R1/2 resected patients
had the worst median and OS of 20.1 months and 14.1%

© Journal of Gastrointestinal Oncology. All rights reserved.

patients with TON1 the number of lymph nodes positive
and histology were independent predictors of survival
(P<0.001) (Tuble 3).

Discussion

Our study demonstrates that a pathologic TON1 diagnosis
has a 5-year survival of 26.4% which is worse than the
prognosis of pCR rate. We identified that node-positive
patients have statistically improved survival with adjuvant
therapy versus their non-adjuvant therapy counterparts.
However, patients with pathologic TON1 diagnosis had no
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Median OS (months)

Adjuvant chemo 30.8

No adjuvant chemo 32.1

Survival functions

Adjuvant
chemotherapy
status

— Received
7 Did not receive

0.4 !

a

0.0

Cum survival
[

T T T

T T T
0 10 20 30 40 50 60

Last contact or death, months from Dx

Figure 2 OS of pTON+ by adjuvant chemotherapy status (all
patients). OS, overall survival.

Median OS (months)

Adjuvant chemo 58.6

No adjuvant chemo 54.2

Survival functions

Adjuvant
1.0 chemotherapy
status
—1 Received
7 Did not receive
0.8 1
©
2
2
=]
7]
I 4
5 0.6
O
S
N
0.47

T T T T
0 10 20 30 40 50 60
Last contact or death, months from Dx

Figure 3 OS of node negative by adjuvant chemotherapy status (all
patients). OS, overall survival.
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Median OS (months)

Adjuvant chemo 30.1

No adjuvant chemo 25.7

Survival functions

Adjuvant
chemotherapy
status
—1Received
7 Did not receive

Cum survival

0.0

0 10 20 30 40 50 60
Last contact or death, months from Dx

Figure 4 OS of node positive by adjuvant chemotherapy status (all
patients). OS, overall survival.

significant improved survival with the addition of adjuvant
therapy.

The current National Comprehensive Cancer Network
(NCCN) guidelines for EC treatment recommend
neoadjuvant therapy prior to surgical excision (11). In 2006,
the MAGIC trials published an investigation of 503 patients
who either received neoadjuvant chemotherapy or surgery
alone for EC. The MAGIC trials clearly demonstrated
improved S-year survival with neoadjuvant chemotherapy
versus surgery alone, 36% and 23% respectively (12).
NCR was further studied in the CROSS trials which
demonstrated improved median survival in patients
receiving NCR versus surgery alone, 49.4 and 24.0 months
respectively (6,7).

Neoadjuvant therapy has the potential to produce
pathological complete response in EC. According to
investigations, pathological complete response rates can
range between 26% and 40.5% with an associated 5-year
survival of up to 55% (8,13,14). Our results showed slightly
lower pathological complete response rate but patients who
achieved pCR did have significantly improved median and
OS. With the discovery of pathological complete responses

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(5):880-886
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Table 3 Univariate and multivariate analysis of overall survival
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Univariate Multivariate
Variable
HR 95% CI P HR 95% CI P

Age 1.01 0.99-1.03 0.30 1.02 0.99-1.04 0.18
Gender

Male Ref Ref Ref Ref Ref Ref

Female 0.71 0.34-1.47 0.35 0.58 0.27-1.23 0.16
# of lymph nodes removed 0.99 0.96-1.01 0.25 0.99 0.96-1.01 0.36
# of lymph nodes positive 1.19 1.07-1.32 0.001 1.22 1.10-1.36 <0.001
Histology

Squamous Ref Ref Ref Ref Ref Ref

Adenocarcinoma 0.48 0.28-0.82 0.01 0.43 0.24-0.75 0.003
Grade

Well/mod Ref Ref Ref Ref Ref Ref

Poor 1.1 0.70-1.74 0.66 1.1 0.68-1.82 0.66
Adjuvant chemotherapy

No Ref Ref Ref Ref Ref Ref

Yes 0.59 0.33-1.07 0.08 0.65 0.35-1.21 0.17

from neoadjuvant therapy, there has been an increased
interest in patients who achieve complete response of the
primary tumor but retain positive nodal status. Few studies
have investigated the TON1 patients and produced varied
results, likely due to very small sample size (15,16). Our
larger study demonstrated TON1 prognosis being more
similar to T1/2N+ prognosis in terms of survival.

Adjuvant therapy is currently under scrutiny as an
addition to neoadjuvant therapy and esophagectomy for
EC. In 2003, Xiao ezt 4/. did a prospective randomized trial
of 495 patients with EC, 275 who received surgery alone
and 220 who received surgery with adjuvant chemotherapy.
The 5-year survival between the two groups did not reach
statistical significance. Interestingly, there was statistically
improved 5-year survival in patients with node-positive
status who received adjuvant therapy versus those who did
not, 29.2% and 14.7% respectively (17).

A recent study by Brescia er al. retrospectively
investigated 764 EC patients who received induction
therapy and esophagectomy with positive nodal status on
pathology. Forty-five of the patients received adjuvant
therapy and they discovered improved median OS of
patients who received adjuvant therapy versus those who did

© Journal of Gastrointestinal Oncology. All rights reserved.

not, 24 versus 18 months respectively (18). It has become
more evident that node-positive patients benefit from
adjuvant therapy and our study similarly found improved
survival in node-positive patients who received adjuvant
therapy. We sought to identify whether those with positive
nodes but complete response of the primary tumor would
also benefit from adjuvant therapy. However, our study was
unable to reach statistical significant improved survival for
patients who achieved pathological complete response rates
but with positive lymph nodes.

Conclusions

The addition of adjuvant therapy is beneficial for node
positive patients but shows no benefit for patients with
TONT1 upon post-operative pathology. Unfortunately, the
diagnosis of TON1 has worse survival outcomes than a
diagnosis of pathological complete response and has no
better survival than T'1/2 patients.
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