BJR

15 April 2022 07 November 2022

Received:
08 December 2022

Revised: | Accepted: |

Cite this article as:

Chufal KS, Ahmad |, Bajpai R, Miller AA, Chowdhary RL, Makker J,

© 2022 The Authors. Published by the British Institute of Radiology
https:/doi.org/101259/bjr.20220413

Published online:
12 January 2023

et al. Tri-modality therapy in advanced esophageal carcinoma: long-

term results and insights from a developing world, institutional cohort. Br J Radiol (2023) 10.1259/bjr.20220413.

FULL PAPER

Tri-modality therapy in advanced esophageal
carcinoma: long-term results and insights from a
developing world, institutional cohort

TKUNDAN SINGH CHUFAL, MD, 'IRFAN AHMAD, DNB, 2RAM BAJPAI, PhD, SALEXIS ANDREW MILLER, FRANZCR,

TRAHUL LAL CHOWDHARY, MD, “*JASBIR MAKKER, MD,

TMUHAMMED ISMAIL SHARIEF, DNB, 'PREETHA UMESH,

SULLAS BATRA, MD, ’SHRINIDHI NATHANY, MD,
DNB, 2MANSI SHARMA, MD, 2PATEL AMRITH, MD,

TANJALI KAKRIA PAHUJA, MD, 'JJASKARAN SETHI, MD, 'VARGHESE ANTONY, DNB and '"MUNISH GAIROLA, MD, DNB

'Department of Radiation Oncology, Rajiv Gandhi Cancer Institute & Research Centre, New Delhi, India
2Centre for Prognosis Research, School of Medicine, Keele University, Staffordshire, United Kingdom
SDepartment of Radiation Oncology, lllawara Cancer Care Center, Wollongong, New South Wales, Australia
4Neurogastroenterology and Gastrointestinal Motility Lab, BronxCare Health System, New York, United States

SMt Sinai ICAHN school of Medicine, New York, United States

®Department of Medical Oncology, Rajiv Gandhi Cancer Institute & Research Centre, New Delhi, India
’Department of Molecular Diagnostics, Rajiv Gandhi Cancer Institute & Research Centre, New Delhi, India

Address correspondence to: Dr Irfan Ahmad
E-mail: irfan.a@icloud.com

Objective: To evaluate treatment outcomes in patients
from a low-middle income country (LMIC) with esoph-
ageal carcinoma who underwent esophagectomy after
neoadjuvant chemoradiation (NACRT/S).

Methods: Between 2010 and 2020, 254 patients (median
follow-up: 53 months) met our inclusion criteria. Out-
of-field nodal regions were determined by reviewing
individual radiotherapy plans. Cox regression model-
ling was performed to analyze overall survival (OS)
and recurrence-free survival (RFS), while pathological
complete response (pCR) prediction utilized Poisson
regression.

Results: The median OS was 71.4 months (interquar-
tile range: 19.6-x), RFS did not reach the median and
PCR rate was 46%. On multivariable Cox regression, BMI
[0.93 (0.89-0.98); 0.94 (0.89-0.99)] and absence of
out-of-field node with extranodal extension (ENE)[0.22
(0.09-0.53); 0.30 (0.12-0.75)] influenced OS and RFS,

INTRODUCTION

Remarkable progress has taken place in improving the
prognosis of locally advanced esophageal carcinoma,
with neoadjuvant chemoradiation followed by surgery
(NACRT/S) emerging as the standard of care for medi-
cally fit patients.'™ Minimally invasive surgical techniques,
improvements in supportive care during and after neoadju-
vant treatment, and refinements in radiotherapy techniques
have contributed to establishing this treatment paradigm.*”
However, the global burden associated with esophageal
cancer is unequally distributed. Up to half of all cases

respectively. Age [1.03 (1.01-1.06)], nodal stage [cN2-3
vs cNO: 2.67 (1.08-6.57)] and adventitial involvement
[2.54 (1.36-4.72)] also influenced OS, while involved
margins [3.12 (1.24-7.81)] influenced RFS. On multivar-
iable Poisson regression, non-CROSS-chemotherapy
regimens [0.65 (0.44-0.95)] and residual primary
disease on pre-surgical imaging [0.73 (0.57-0.93)] were
significantly associated with pCR. The most frequently
involved in-field and out-of-field nodal regions were
the periesophageal and perigastric (greater and lesser
curvature) regions, respectively.

Conclusion: NACRT/S is feasible and effective in patients
from LMIC. Out-of-field ENE merits further investigation
as a prognostic factor since it significantly influenced
both OS and RFS.

Advances in knowledge: The results of clinical trials are
replicable in LMICs. Out-of-field ENE is an independent
prognostic factor for OS and RFS.

diagnosed worldwide are in low-middle income countries
(LMICs) of the Asian esophageal cancer belt and projec-
tions suggest a further 50% increase in the next decade, but
resources remain limited.®

Access and affordability remain the key concerns in
LMICs, and consequently patients often present late in the
course of disease.” While the epidemiological shift in high
income countries from squamous cell carcinoma (SqCC)
to adenocarcinoma (AdenoCa) prompted clinical trials
being designed for esophageal AdenoCa, the predominant
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histology in LMICs remains SQCC.®> Whether the worldwide
standards of care apply to patients from LMICs remains an open
question, as the literature is sparse.” The egalitarian answer to
this question would be to increase representation from LMICs in
multinational clinical trials, while the pragmatic answer would
be to conduct context-specific research that addresses problems
relevant to the region.”

Towards that end, our primary objective was to evaluate the long-
term outcomes and pathologic response predictors in patients
from a LMIC with locally advanced, operable esophageal carci-
noma who underwent NACRT/S.

METHODS AND MATERIALS

Patient population

We retrieved all patients who underwent esophagectomy between
January 2010 and December 2020 from our institutional cancer
registry (NCT04489368; RGCIRC/IRB/80/2020) and included
for analysis: (a) pathologically proven de novo SqQCC/AdenoCa
of the thoracic esophagus [excluding gastro-esophageal junction
(GEJxn) tumors] who received NACRT/S, and; (b) all oncolog-
ical interventions (radiotherapy, chemotherapy, and surgery)
delivered at our institution (Rajiv Gandhi Cancer Institute &
Research Centre, New Delhi) after multidisciplinary meeting
discussion.

Pre-treatment evaluation included history, physical examination,
hematological and biochemical investigations, UGI endoscopy
(UGIE), and imaging studies [either whole body '*fludeoxy-
glucose positron emission tomography CT (**FDG PET-CT) or
high-resolution chest CT (HRCT)]. Medical records, radiological
investigations, and details of each oncological intervention were
reviewed. All pre-2018 patients were clinically and pathologically
restaged according to the eighth edition of the American Joint
Committee on Cancer (AJCC) staging system and retrospec-
tively classified as CROSS-Eligible/Ineligible based on CROSS-
trial criteria."'" Surveillance imaging [either '*FDG PET-CT
or HRCT (with CT abdomen and pelvis)] was performed at the
treating oncologist’s discretion (every 3-6 months) with UGIE
initiated on symptoms and/or suspicious imaging findings. Due
to the ongoing COVID-19 pandemic, outcome data were gath-
ered by telephonic/video consultation with the patient or rela-
tives (For additional details, please see Supplementary Material
1). The data set was frozen for analysis on June 15, 2021.

The primary end points were overall survival (OS), recurrence-
free survival (RFS) (calculated from treatment start date), and
pathological response to NACRT.

Treatment details

All patients were treated on a 6MV linear accelerator after plan-
ning conventional or conformal techniques [3-dimensional
conformal radiotherapy technique (3DCRT), intensity modu-
lated radiotherapy technique (IMRT), or volumetric modulated
arc therapy (VMAT)]. Prior to the publication of the long-term
results of the CROSS-trial, both conventional and conformal
radiotherapy used two phases (with a minority receiving boost
to primary as a third phase). Elective nodal irradiation (ENTI)
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was not performed. After the CROSS-trial publication, our doses
and target volumes gradually matched the CROSS-protocol (n
= 124), and patients were subsequently treated using a single
phase with IMRT or VMAT (For additional details, please see
Supplementary Material 1)."" For statistical modelling, the dose
was converted to equivalent dose in 2 Gy using an o/p value of
10 [EQDygy (a/f = 10)]."* Chemotherapy prescribing after the
CROSS-publication followed a similar change as 124 patients
received weekly concurrent Paclitaxel (50 mg/m?) and Carbo-
platin (AUC2). Prior to 2015, the most commonly delivered
chemotherapy was weekly Cisplatin (35mg/m?®) (n = 87) or
infrequently, weekly Cisplatin (25mg/m?) and 5-Fluorouracil
(500 mg/m?) (n = 22).

Almost all patients underwent imaging (HRCT or 'FDG PET-
CT) before surgical resection, and only metastatic progres-
sion influenced the decision to proceed with esophagectomy.
Response was measured using RECIST 1.1 (HRCT) or PERCIST
("*FDG PET-CT) criteria.'*'* Most patients underwent surgery
within 8 weeks post-NACRT completion and underwent a
Mckeown’s or Ivor-Lewis esophagectomy, either by open (tran-
shiatal/thoracotomy) (n = 107) or minimally invasive [ + robotic
assistance (daVinci Si robotic system)] (n = 137) approach with
two-field lymph node dissection. Ten patients were converted
from minimally invasive to open approach. Complications were
retrospectively classified using the Esophageal Complications
Consensus Group definitions."”

Pathological evaluation and location of nodal
regions in relation to radiotherapy fields

Pathological evaluation followed the College of American
Pathologists (CAP) guidelines for esophageal cancer reporting.'®
The pathological data prior to 2013 were re-evaluated to conform
to this standard, and tumor regression grading used the CAP
system.

Surgically labeled and unlabeled lymph node regions were
classified according to the radiotherapy plan (3DCRT/IMRT/
VMAT) with a pathologist and by correlation with the IASLC
mediastinal nodal contouring atlas and consensus esophageal
contouring atlas.!”'® Regions outside the 50% isodose were
deemed 'out-of-field. For patients treated with conventional
technique, the digitally reconstructed radiograph (DRR) of
pre-treatment HRCT/'®FDG PET-CT was registered with
the 2D-simulator films, and regions more than 1cm outside
the field borders were considered 'out-of-field'. Since the RT
field/target volume design included all known gross disease
at primary and nodal sites, 'out-of-field' nodes in our analysis
represent occult pathological nodal positivity rather than a
'geographic miss'.

The median number of nodes resected per patient was 17 (IQR:
12-22), distributed equally within in-field [median (IQR): 8
(4-13)] and out-of-field [median (IQR): 8 (3—-13)] nodal regions.
The overall nodal positivity rate was 3.2% (144/4466 nodes),
while the nodal positivity rate in patients who harbored residual
nodal disease was 13.1% (144/1097 nodes). We defined sampling
frequency (SF) of nodal regions as: number of patients with >1
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dissected node from that region stratified by primary location/
total number of patients stratified by primary location.

Statistical methods—clinical outcomes

Descriptive statistics were used for baseline patient character-
istics and reported as median with interquartile range (IQR)
(continuous variables) or frequencies and percentages (categor-
ical variables).

In survival analyses, the event of interest was all-cause mortality
(OS) and disease recurrence (RFS). Median survival time
(months) was estimated using the non-parametric Kaplan-
Meier (KM) method, and Cox-regression analytical model was
applied to explore significant factors associated with OS and RFS,
with results presented as hazard ratios (HRs) with 95% confi-
dence intervals (Cls). Departure from the proportional hazard
assumption was assessed with Schoenfeld’s residual and graph-
ical inspection of log-log plots, and all the predictor variables
satisfied the criterion of being asymptotic."?

Prevalence ratios (PR) were calculated for complete response
rather than odds ratios to prevent overestimation in measuring
the strength of association.”’ PR indicates the magnitude of the
prevalence of an outcome in one group of individuals with char-
acteristics relative to the group without the characteristics. A
Poisson regression using a generalized linear model with robust
variance based on Huber’s sandwich estimator was performed to
examine the association between complete response and clinical
characteristics, with results presented as PR with 95% CI.*!

Uni- and multi-variable regression models were fitted to explore
the strength of the association. We selected variables for the
multivariable modelling if any covariate had a p-value < 0.1
in the univariable model. To ensure the validity of the results,
we checked collinearity (where variance inflation factor >10)
between covariates in the model and checked clinically mean-
ingful interactions by including cross-product terms (considered
significant if p < 0.1). A two-sided p-value of <0.05 was consid-
ered statistically significant.

We addressed selection bias using the restriction method, where
records of all patients with esophageal cancer were screened,
and those meeting our inclusion criteria were analyzed (For
additional details, please see Supplementary Material 1). This
report was prepared in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology cohort
reporting guidelines.*” Statistical analysis was carried out using
Stata software v. 17.0 (StataCorp, College Station, TX) and Prism
version 9 (Graphpad Software, San Diego, CA).

RESULTS

A total of 254 patients with a median follow-up of 53 months
(IQR: 21.7-78.3) were analyzed, being predominantly males
(57%) with SqQCC (94%) located in the middle or lower esophagus
(85%) and AJCC cT3_4 (97%) or cNy_; (78%) disease (Table 1).
Most patients received at least five cycles of concurrent chemo-
therapy and completed their prescribed course of radiotherapy
without any delays (Table 2). Open esophagectomy was the most
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Table 1. Baseline characteristics

n %
Median age—years (IQR) 55 (48-62) -
Gender (Male/Female) 145/109 57% / 43%
Smoking status
Current or Former 152 60%
smoker
Never smoker 102 40%
Median BMI—Kg/m? 23 (20-26) -
(IQR)
BMI category
Underweight/Normal 33/91 13% / 36%
Overweight/Obese 41/89 16% / 35%
Histology
SqCC 239 94%
AdenoCa 15 6%
Location of primary
Upper 1/3rd 37 14.6%
Middle 1/3rd 103 40.6%
Lower 1/3rd 114 44.9%
Lower 1/3rd extending to 37 32%
GEJxn (n=114)
AJCC clinical T stage
(eighth Ed)
T, 7 3%
T, 205 81%
T, 42 16%
AJCC clinical N stage
(eighth Ed)
N, 93 37%
N, 104 41%
N, 34 13%
N, 23 9%
Median CCL of 5.1 (4-6.7) -
primary—cm (IQR)
Post hoc assessment of
CROSS-eligibility"
Eligible 157 62%
Ineligible 97 38%
cT4/cN,3/CCL> 28/41/8 29% /42% / 8%
8cm (n=77)
cT,and/or cN,_3 20 21%
and/or CCL >8cm
Median time from initial 7 (4-11) -
presentation to treatment
- days (IQR)

AJCC, American Joint Committee on  Cancer;AdenoCa,
Adenocarcinoma; BMI, Body Mass Index; CCL, Craniocaudal Length;
Ed, Edition; GEJxn, Gastro-oesophageal Junction; IQR, Interquartile
Range; SqQCC, Squamous Cell Carcinoma.

3 0of 12 birpublications.org/bjr

Br J Radiol;96:20220413



http://birpublications.org/bjr
www.birpublications.org/doi/suppl/10.1259/bjr.20220413/suppl_file/Supplementary_Material.pdf

BJR

Table 2. Details of neoadjuvant chemoradiation
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Table 2. (Continued)

(Continued)

n %
n %
Radiotherapy
Complete response on 79 32%
RT technique imaging
Conventional or 3DCRT 139 55% Partial response or stable 166 68%
IMRT or VMAT 115 45% disease on imaging
Vominedivay | eeeo |-
Single 104 41% completion—days (IQR)
Two 142 56% 3DCRT, 3-Dimenional Conformal Radiotherapy Technique; Gy, Gray;
HRCT, High Resolution Computed Tomography; IMRT, Intensity
Three 8 3% Modulated Radiotherapy Technique; IQR, Interquartile range; PET-
Median RT dose —Gy (Range) Volumetric Modulated Arc Therapy. o ereR AT
Single phase 41.4 (40-50.4) -
Two phases 50.4 (43.2-63.4) -
common surgical approach until 2014, following the introduc-
Three phases 504 (47.4-65.6) - tion of minimally invasive esophagectomy in 2011 (Table 3),
RT completion without any statistical difference in procedure-related metrics
Without any delay 135 530 (mortality, complications, margin positivity, lymph nodal yield,
Delayed (o1 day) . o and time to discharge) between both approaches (Table 3).
Median delay-days (IQR) 2(1-3) - Complete response rate on pre-surgical imaging was 32%
RT completion (Table 2), while actual pCR rate was 46% (Table 3). Pathological
Without am delar P 5% residual disease (pRD)(n = 138, SqQCC vs AdenoCa = 125 vs 13)
Convention};l or gDCRT ’ was common at the primary site only [ypT+NO0, n = 75 (54%)].
Those with pRD at nodal sites (n = 63, SQCC vs AdenoCa = 57
- IMRT or VMAT 68 29% vs 6) (total nodes involved = 144, SqQCC vs AdenoCa = 129 vs 15)
Median time between RT 55 (49-62) - frequently harbored disease in out-of-field nodal regions [n = 37
ffg}gleﬁon and surgery—days (59%); 87/144 involved nodes] with extranodal extension (ENE)
[n =36 (57%); 84/144 involved nodes]. Other adverse features
RT Technique— 55 (49-61) - found in patients with pRD were involvement of adventitia
Conventional or SDCRT (43%), lymphovascular invasion (27%), and perineural invasion
- IMRT or VMAT 56 (50-64) - (13%) (Table 3).
RT phase—Single 55 (50-63) -
Overall survival and recurrence-free survival
- Two 55 (48-62) - The cohort’s median OS was 71.4 months (IQR: 19.6-c), with a
- Three 58 (54-91) median RFS which was not reached (Figure 1). The median OS
Chemotherapy and RFS was not reached for patients with pCR, while it was 29.5
Concurrent chemotherapy months (95% CI: 17.0-42.0) and 22.7 months (95% CI: 6.9-38.5)
regimen respectively, for patients with pRD. Factors associated (p <
— 0.1) with OS and RFS on univariable analysis (Supplementary
Cisplatin alone 8 4% Material 1) underwent multivariable Cox Proportional Hazards
Paclitaxel+Carboplatin 124 49% modelling (Figure 2). Increasing age [HR: 1.03 (1.01-1.06), p =
Cisplatin+5-Flourouracil 2 99% 0.015], higher nodal stage [cN, 3 vs cNg; HR: 2.67 (1.08-6.57), p
Others . 5% = 0.033] and adventitia involvement [HR: 2.54 (1.36-4.72), p =
0.003] were associated with worse OS, while higher BMI [HR:
Median no. of delivered 0.93 (0.89-0.98), p = 0.011] and absence of out-of-field node
chemotherapy cycles (IQR) with ENE [HR: 0.22 (0.09-0.53), p = 0.001] were associated with
Cisplatin alone 5 (4-5) - improved OS. Residual primary disease on pre-surgical imaging
Paclitaxel+ Carboplatin 5 (4-5) _ was associated with worse OS [HR: 1.56 (0.94-2.59), p = 0.087],
Cisplatins-Flourouraci 5 (@s) ) with the results approaching statistical significance.
Post-NACRT HRCT/PET-CT 245 96% Involved surgical margins [HR: 3.12 (1.24-7.81), p = 0.015] was
performed before surgery associated with worse RFS, while higher BMI [HR: 0.94 (0.89-

0.99), p = 0.044] and absence of out-of-field node with ENE [HR:
0.30 (0.12-0.75), p = 0.009] were associated with improved RES.
Increasing age [HR: 1.02 (1.00-1.05), p = 0.067], higher nodal
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Table 3. Surgical treatment details and results of histopatho-
logical analysis
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Table 3. (Continued)

Median time to
discharge-days (IQR)

Open approach? 11 (10-14) -

Minimally invasive 10 (9-12) -

approach

Median no. of total
dissected nodes per
patient - (IQR)

Open approach® 16 (12-21) -

Minimally invasive 17 (12-23) -

approach

Pathology

Response to NACRT -

Complete pathologic 116 46%
response (pCR)

Partial response (pRD) 138 54%

Disease at primary site 75 54%
only (ypTany ypNo)

Disease at primary 49 36%
and nodal site (ypT,p,

YpNany)

Disease at nodal site 14 10%

Ol’lly (YPTO YPNany)

(Continued)

n % n %
Surgery Median no. of residual 1(1-3) -
nodes (YPTO or Any
Surgical technique YPNany)(n = 63) - IQR
Open approach 107 42% Residual nodes with 36 57%
extranodal extension
Minimally invasive 137 54%
approach Adverse pathological
features in patients with
Minimally invasive 10 4% pRD
converted to open
approach Lymphovascular 37 27%
invasion
ECCG surgical 32 13%
complications Perineural invasion 18 13%
(Overall)—Grade 2 or
higher Involvement of 60 43%
adventitia
(0] h? 17 14%
pen approac i Involvement of GEJxn 9 8%
Minimally invasive 15 11% in Lower 1/3" (n =
approach 114)
Mortality rate GEJxn, Gastro-oesophageal Junction; IQR, Interquartile range;pRD,
N pathological residual disease.
Open approach 6/2 5%/2% apati . ) )
atients converted from minimally invasive to open approach were
(30 day/90 day)
counted as open.
Minimally 8/2 6%/1.5%
invasive approach
(30 day/90 day)
stage [cN, 3 vs cNg; HR: 2.22 (0.87-5.67), p = 0.095] [cN; vs cNg;
Margin positivity rate HR: 1.76 (0.98-3.16), p = 0.060] and involvement of adventitia
Open approach® 2 1.7% [HR: 1.86 (0.97-3.58), p = 0.063] were also associated with worse
Minimally invasive 5 3.6% RES, with the results approaching statistical significance.
approach

Pathological response to neoadjuvant
chemoradiation

On univariable Poisson regression (Supplementary Material
1), pre-surgical factors which were associated with pCR at
primary site, nodal regions and overall complete response (p <
0.1) were selected for multivariable modelling (Figure 3). Non-
CROSS-protocol chemotherapy regimens [PR: 0.63 (0.45-0.87),
p = 0.005] and residual disease at primary site on pre-surgical
imaging [PR: 0.67 (0.53-0.84), p = 0.001] were significantly
associated with pRD at primary site, while increasing cranio-
caudal length [PR: 0.94 (0.88-1.00), p = 0.056] approached
significance.

Variables significantly associated with pCR at nodal site were
female gender [PR: 1.17 (1.03-1.34), p = 0.019] and AJCC cT,
stage [PR: 1.31 (1.17-1.47), p < 0.001], while residual disease
at nodal site on pre-surgical imaging [PR: 0.84 (0.71-1.02), p =
0.080] approached significance.

Non-CROSS-protocol  chemotherapy regimens [PR: 0.65
(0.44-0.95), p = 0.026] and residual disease at primary site on
pre-surgical imaging [PR: 0.73 (0.57-0.93), p = 0.013] were
significantly associated with overall pathologic residual disease,
while increasing craniocaudal length [PR: 0.93 (0.87-1.01), p =
0.073], modern RT techniques [PR: 1.29 (0.97-1.73), p = 0.084]
and female gender [PR: 1.25 (0.96-1.61), p = 0.094] approached
significance.
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Figure 1. Treatment outcomes of the study cohort. Kaplan-Meier plots for: (a) OS, and (b) RFS. Both plots include the OS and
RFS for the entire cohort (with shaded 95% confidence interval) and are further stratified by pathological response to NACRT.
(c) Overall pattern of residual nodal disease detected after NACRT in relation to RT fields. (d) Pattern of residual nodal disease
detected after NACRT in relation to RT field, further stratified by Pre-NACRT clinical nodal stage. (e) Pattern of relapse in the
overall cohort. (f) Stacked cumulative incidence of relapse patterns in the entire cohort. Abbreviations: cN, Clinical N stage
(AJCC eighth Edition); ENE, extranodal extension; LN, lymph nodes; mOS, median overall survival; mRFS, median recurrence free

survival; ypCR, post-neoadjuvant pathological complete response; ypN+, post-neoadjuvant residual node detected; ypPR, post-
neoadjuvant pathological partial response.
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region (SF: 80-92%) with a nodal positivity rate of 7.7% (1/13

Residual nodal disease remained in 63 patients (upper esoph-
agus, n = 5; middle esophagus, n = 32; lower esophagus, n = 26)
(Figure 4) most of which were found out-of-field exclusively (n
= 37) and in patients with pre-NACRT node positive disease (n
= 46).

nodes), 15.5% (23/148 nodes), and 10.1% (14/138 nodes) for
upper, middle and lower esophageal primaries, respectively. The
second highest in-field sampling frequency was observed in the
subcarinal nodal region (SF: 40-53%) with a nodal positivity rate
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Figure 2. Multivariable Cox proportional hazards model for OS and RFS. Abbreviations: AIC, Akaike’s Information Criterion; BMI,
body mass index; Cl, confidence interval; cN, clinical N stage (AJCC eighth Edition); ENE, extranodal extension; HR, hazard ratio;
SqCC, squamous cell carcinoma; ycNg, post-neoadjuvant clinical complete response at nodal sites; ycTg, post-neoadjuvant clinical
complete response at primary site; ypNg, post-neoadjuvant pathological complete response in nodes; ycTy, post-neoadjuvant

pathological complete response at primary site.

Variable HR for OS (95% Cl) p value HR for RFS (95% CI) p value
é Age (yrs) > 1.03 (1.01 - 1.06) 0.015 P 1.02 (1.00 - 1.05) 0.067
= Female (vs Male) — 0.76 (0.47 - 1.26) 0.291 — 0.81 (0.48 - 1.36) 0.427
é Adenocarcinoma (vs SqCC) — 0.79 (0.32 - 1.96) 0.611 o ot 1.50 (0.67 - 3.34) 0.321
§ cN2.3 (vs cNo) ——— 2.67 (1.08 - 6.57) 0.033 T 222 (0.87 - 5.67) 0.095
E N (vs cNo) —— 1.51 (0.86 - 2.64) 0.151 —o— 1.76 (0.98 - 3.16) 0.060
g BMI (Kg/m2) < 0.93 (0.89 - 0.98) 0.011 4 0.94 (0.89 - 0.99) 0.044
2 2 CROSS Ineligible (vs Eligible) B 0.96 (0.48 - 1.92) 0.920 e 0.94 (0.46 - 1.94) 0.871
b '&‘-‘ Residual Primary Disease on Pre-Surgical Imaging (vs ycTo) e 1.56 (0.94 - 2.59) 0.087 —— 1.26 (0.74 - 2.13) 0.398
% T Residual Nodal Disease on Pre-Surgical Imaging (vs ycNo) —— 1.08 (0.66 - 1.76) 0.761 T 1.36 (0.81 - 2.29) 0.239
:
2 é Pathologic Residual Disease at Primary Site (vs ypTo) —t— 1.31 (0.50 - 3.49) 0.582 o e e 2.11 (0.70 - 6.38) 0.188
% = Pathologic Residual Disease in Nodes (vs ypNo) _ 0.85 (0.27 - 2.67) 0.782 —_—— 1.13 (0.34 - 3.74) 0.836
z é Overall Pathologic Complete Response (vs Residual) —_— 0.83 (0.28 - 2.46) 0.739 —T— 1.26 (0.37 - 4.24) 0.711
g § Margins Positive (vs Negative) —— 1.28 (0.44 - 3.71) 0.654 e 3.12(1.24-781) 0.015
> <_(l Lymphovascular Invasion Present (vs Absent) —_—— 0.69 (0.31 - 1.53) 0.366 —_—— 0.68 (0.35 - 1.50) 0.345
% Adventitia Involved (vs Uninvolved) — 2.54 (1.36 - 4.72) 0.003 —— 1.86 (0.97 - 3.58) 0.063
9 Number of Total Nodes with Residual Disease _— 1.15 (0.24 - 5.65) 0.859 —_— 1.38 (0.27 - 6.90) 0.698
g Out-of-Field Node with Residual Disease (vs Uninvolved) 1.51 (0.49 - 4.60) 0.469 —_— 1.35 (0.41 - 4.50) 0.620
LE Number of Total Out-of-Field Nodes with Residual Disease — 0.78 (0.15 - 3.98) 0.767 —_— 0.64 (0.12 - 3.36) 0.602
8 Uninvolved Out-of-Field Node (vs Out-of-Field Node with ENE) ———— 0.22 (0.09 - 0.53) 0.001 —_— 0.30 (0.12 - 0.75) 0.009
E Number of Total In-Field Nodes with Residual Disease —_— 1.15 (0.23 - 5.81) 0.861 — 1.00 (0.20 - 5.08) 0.999
T Uninvolved In-Field Node (vs In-Field Node with ENE) —_—— 1.35 (0.49 - 3.71) 0.654 e — 1.06 (0.40 - 3.04) 0.914
0.1 1 10 AIC = 899.8;Harrels C=0753  0.| | 10 AIC = 805.9; Harrel's C = 0.751

of 25% (1/4 nodes), 7.8% (4/51 nodes), and 15.4% (6/39 nodes)
for upper, middle and lower esophageal primaries, respectively.

The highest out-of-field sampling frequency was observed in the
greater and lesser curvature nodal regions (SE, greater curvature:
75-81%; SE, lesser curvature: 58-80%). The nodal positivity rate
in the greater curvature nodal region was 2.8% (1/36 nodes),
10.4% (15/144 nodes), and 13.7% (20/146 nodes) for upper,
middle, and lower esophageal primaries, respectively, while the
corresponding rate in the lesser curvature nodal region was 20%
(2/10 nodes), 19.4% (26/134) and 18.3% (19/104).

DISCUSSION

Over the last decade, NACRT/S has become the standard of
care for medically operable, locally advanced esophageal cancer.
With the recent Checkmate 577 trial reporting a benefit with
PD1 inhibitors in patients with pRD, outcomes may improve
further?® It is worth highlighting the parallel evolution of
NACRTY/S for AdenoCa/SqCC in the west, while in Japan the
preferred approach for SqQCC remains NACT/S.** Though the
Japanese trials demonstrated the benefit of NACT over adjuvant
chemotherapy, trials conducted elsewhere could not demon-
strate similar efficacy, and results of perioperative chemotherapy
were underwhelming.** Subsequently, the CROSS (predomi-
nantly AdenoCa) and NEOCRTEC;,10 (SqCC) trials established
NACRT/S as the worldwide standard, except in Japan,'™>!12>-30
This reservation in adoption stems from the lack of benefit
with additional RT to NACT in the NeoRes trial (predomi-
nantly AdenoCa) and the preliminary results of the JCOG1109
(SqCC) demonstrating equivalence between NACT/S and
NACRT/S.*"** Ongoing trials exploring the optimal NACRT
regimen (NCT02359968), omission of surgery in complete clin-
ical responders to NACRT (NCT04886635, NCT02551458) and
integration of immunotherapy with NACRT (NCT02998268,

NCT04807673, NCT03544736, NCT04568200, NCT04848753,
NCT03957590) will further influence management paradigms.*

Applying results from these clinical trials to patients from the
developing world is not straightforward, as indigenous trials
are rarely designed to assess efficacy.” Furthermore, strict
inclusion criteria often exclude up to half of the total screened
patients leading to limited participation from the developing
world, if permitted at all.** Therefore, institutional analyses offer
the highest quality of evidence in LMICs, and our real-world
NACRT/S experience in predominantly SqCC reassuringly
demonstrates comparable efficacy (Figure 5). Similar variables
influencing OS and RFS have been reported elsewhere and vali-
dated in a comprehensive meta-analysis of prognostic factors.”

We add to the growing literature highlighting residual nodal
disease after NACRT/S as a significant prognostic factor affecting
outcomes and reinforce the aforementioned trials' conclusion
that de-emphasizes the importance of the number of nodes
dissected.’®*” Similar to our results, investigators have identi-
fied ENE as a strong prognostic factor influencing outcomes,
and two meta-analyses of observational studies also demonstrate
its significance irrespective of histology or neoadjuvant treat-
ment (NACT or NACRT).*®* Consequently, there is increasing
support to include ENE in the AJCC staging criteria.*"

While no randomized trial has addressed residual nodal disease
specifically, an analysis of NCDB patients suggests improved
outcomes with adjuvant chemotherapy.*' In the recent Check-
Mate 577 trial, more than half of all patients harbored residual
nodal disease (2ypN;) and advanced residual primary disease
(ypT3/4), yet DFS was improved only in patients with residual
nodal disease [HR for DFS: 2ypN;, 0.67 (0.53-0.86); ypTs/4
0.84 (0.64-1.11)].% In fact, patients with pCR at the primary site
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Figure 3. Multivariable Poisson regression model for prediction of pathological complete response at primary site (ycTg YCNgny),
nodes (ycT,n, YCNp) and overall complete response (ycTq YCNg). Abbreviations: 2DRT, two-dimensional radiotherapy technique;
3DCRT, three-dimensional conformal radiotherapy technique; cN, clinical nodal stage (AJCC eighth Edition); cT, clinical primary
stage (AJCC eighth Edition); EQDygy (0/B = 10), equivalent dose in 2Gy using an o/ value of 10; IMRT, intensity modulated radi-
otherapy technique; Pacli-Carb, Paclitaxel and Carboplatin; RT, radiotherapy; SqCC, squamous cell carcinoma; VMAT, volumetric
modulated arc therapy; ycNg, post-neoadjuvant clinical complete response at nodal sites; ycTo, post-neoadjuvant clinical com-

plete response at primary site.

MULTI-VARIABLE POISSON REGRESSION

YPTo yPNany

yP Tany YPNo

yPTo ypNo

Variable Prevalence Ratio (95% CI) p value
Age (yrs) S 1.00 (0.98 - 1.01) 0.654
Female (vs Male) -1 1.10 (0.87 - 1.39) 0.427
Adenocarcinoma (vs SqQCC) — 0.50 (0.20 - 1.21) 0.122
Cranio-caudal Length (cm) L 0.94 (0.88 - 1.00) 0.056
All Other Chemotherapy Regimens (vs Pacli-Carb) —— 0.63 (0.45 - 0.87) 0.005
EQDa2qy (a/B = 10) ° 0.99 (0.96 - 1.03) 0.694
3DCRT/ IMRT/VMAT (vs 2DRT) —o— 1.12 (0.86 - 1.44) 0.397
Duration of RT (days) ] 1.0l (0.96 - 1.05) 0.757
Residual Primary Disease on Pre-Surgical Imaging (vs ycTo) —— 0.67 (0.53 - 0.84) 0.001
0.1 |
Variable Prevalence Ratio (95% Cl) p value
Age (yrs) ] 1.00 (0.99 - 1.01) 0.665
Female (vs Male) e 1.17 (1.03 - 1.34) 0.019
cT4 (vs cTi3) - 1.31 (1.17 - 1.47) <0.001
cN2:3 (vs cNo) - 0.95 (0.77 - 1.16) 0.590
cNi (vs cNo) -or 0.90 (0.76 - 1.06) 0.191
Number of Chemotherapy Cycles b 0.96 (0.89 - 1.02) 0.200
Residual Nodal Disease on Pre-Surgical Imaging (vs ycNo) —o 0.84 (0.71 - 1.02) 0.080
0.1 |
Variable Prevalence Ratio (95% Cl) p value
Age (yrs) L4 1.00 (0.99 - 1.02) 0.707
Female (vs Male) — 1.25 (0.96 - 1.61) 0.094
Adenocarcinoma (vs SqCC) ° 0.37 (0.11 - 1.26) 0.112
Cranio-caudal Length (cm) o 0.93 (0.87 - 1.01) 0.073
All Other Chemotherapy Regimens (vs Pacli-Carb) —— 0.65 (0.44 - 0.95) 0.026
EQDagy (a/B = 10) —_— 0.53 (0.20 - 1.39) 0.196
3DCRT/ IMRT/VMAT (vs 2DRT) T 1.29 (0.97 - 1.73) 0.084
Residual Primary Disease on Pre-Surgical Imaging (vs ycTo) —— 0.73 (0.57 - 0.93) 0.013
0.1 |

derived maximum benefit [ypT,, HR for DFS: 0.35 (0.15-0.82)],
implying that they harbored only residual nodal disease. Future
trials should address the role of adjuvant systemic treatment
(chemotherapy or immunotherapy) in patients with residual
nodal disease (stratified by ENE) after NACRTY/S.

From the radiation oncologists’ perspective, understanding the
location of residual nodal disease is vital to decide whether changes
in treatment volumes are necessary for the next generation of
clinical trials. The CROSS-investigators reported infrequent SCF
and celiac axis recurrences, concluding that elective irradiation is

unwarranted, but they did not analyze the topography of residual
nodal disease.” Two Dutch (predominantly AdenoCa) analyses
and one Japanese (SqCC) analysis have explored the topography
of residual nodal disease and RT field coverage.*>"** Out-of-field
nodal positivity rates ranged from 8.5 to 33%, with the Japanese
analysis reporting a 5-year OS and RES of 0% (despite ENI).
We report similar findings, though the high out-of-field nodal
positivity rate can be attributed to our institutional policy of
avoiding ENI and a significant proportion of patients receiving
single-agent Cisplatin. Finally, our analysis demonstrates that
out-of-field ENE may be an independent prognostic factor for
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Figure 4. Distribution of residual nodes stratified by primary site, in-field/out-of-field status and ENE. Nodal regions marked with
(*) were out-of-field. Values within star shape represent nodes with ENE. Values within oval shape represent nodes without ENE.
Abbreviations: ENE, extranodal extension; SCF, supraclavicular fossa; SF, sampling frequency (for definition, please see text).
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both OS and RFS, which has not been reported previously. In the
near future, the TIGER study (NCT03222895) will provide more
insight into the topographical importance of residual nodes.

While most variables influencing pCR in our analysis have been
previously reported, our data demonstrate the inability of non-
CROSS-chemotherapy regimens to induce pCR.**"* This may
reflect our previous selective use of weekly Cisplatin rather
than the Cisplatin-5FU protocol for frail patients. Rather than
a weakness of our analysis, the implications of these real-world
decisions are meaningful to the practicing oncologist because
clinical trials are designed to demonstrate effectiveness in rela-
tively healthier patients.

The retrospective nature of our analysis is its main limitation,
though we minimized selection bias by restricting our anal-
ysis to pre-specified selection criteria. The perceived limitation
of being an institutional analysis actually facilitated complete
capture of variables from treatment records and permitted an
in-depth analysis, though a multi-institutional collaborative
analysis would be ideal. Despite our analysis representing the
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largest experience with NACRT/S from our country, it is still
modest considering the magnitude of yearly incident cases. The
most important contributing factor to the final sample size was
the cost associated with NACRT/S and while the clinical char-
acteristics of our patients are comparable to other analyses from
LMICs, the demographic profile was composed of a higher
socioeconomic stratum. Consequently, it is plausible that a more
socioeconomically diverse data set could yield effect sizes which
may differ from our analysis. Finally, the lack of detailed toxicity
data is a weakness of our analysis which cannot be overcome due
to variable entry of toxicity data in treatment records (a conse-
quence of data extracted over a decade).

SF

In conclusion, our long-term results demonstrate the efficacy
and feasibility of NACRT/S for esophageal cancer in LMICs and
when undertaken, the combination of Paclitaxel with Carbo-
platin results in higher probability of achieving a pCR. The
presence of extranodal extension after esophagectomy (espe-
cially when found in nodal regions which were not irradiated)
portends a poor prognosis and warrants inclusion in future iter-
ations of our staging systems.
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Figure 5. Graphical summary of outcomes from clinical trials which investigated NACRT and surgery, over the last three decades.
Horizontal bars represent the years during which recruitment took place in respective trials and only median values for overall
survival and RFS are plotted (without confidence intervals). Note: Since the RFS of our study population did not reach the median,
it is not depicted on the RFS plot. Abbreviations: Cis, Cisplatin; Cis-5FU, Cisplatin with 5-Flourouracil; ConvFx, conventional frac-
tionated; ENI, elective nodal irradiation; Fx, fractions; Gy, gray; HyperFx, hyperfractionated; HypoFx, hypofractionated; NR, not
reported; Pacli-Carb, Paclitaxel and Carboplatin; RFS, recurrence-free survival; RT, radiotherapy.
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