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ABSTRACT

Background. Metastatic adenocarcinomas of foregut ori-

gin are aggressive and have limited treatment options, poor

quality of life, and a dismal prognosis. A subset of such

patients with limited metastatic disease might have favor-

able outcomes with locoregional metastasis-directed

therapies. This study investigates the role of sequential

cytoreductive interventions in addition to the standard of

care chemotherapy in patients with oligometastatic foregut

adenocarcinoma.

Methods. This is a single-center, phase II, open-label

randomized clinical trial. Eligible patients include adults

with synchronous or metachronous oligometastatic

(metastasis limited to two sites and amenable for curative/

ablative treatment) adenocarcinoma of the foregut without

progression after induction chemotherapy and having

undetectable ctDNA. These patients will undergo induction

chemotherapy and will then be randomized (1:1) to either

sequential curative intervention followed by maintenance

chemotherapy versus routine continued chemotherapy. The

primary endpoint is progression-free survival (PFS), and a

total of 48 patients will be enrolled to detect an improve-

ment in the median PFS in the intervention arm with a

hazard ratio (HR) of 0.5 with 80% power and a one-sided

alpha of 0.1. Secondary endpoints include disease-free

survival (DFS) in the intervention arm, overall survival

(OS), ctDNA conversion rate pre/post-induction

chemotherapy, ctDNA PFS, PFS2, adverse events, quality

of life, and financial toxicity.

Discussion. This is the first randomized study that aims to

prospectively evaluate the efficacy and safety of surgical/

ablative interventions in patients with ctDNA-negative

oligometastatic adenocarcinoma of foregut origin post-in-

duction chemotherapy. The results from this study will

likely develop pertinent, timely, and relevant knowledge in

oncology.

Ankit Dhiman, Charles C. Vining, Daniel V. T. Catenacci and Kiran

K. Turaga have contributed equally to this work.

� Society of Surgical Oncology 2022

First Received: 4 August 2021

Accepted: 7 December 2021; Published Online: 5 January 2022

K. K. Turaga, MD, MPH

e-mail: Kturaga@gmail.com;

kturaga@surgery.bsd.uchicago.edu

Ann Surg Oncol (2022) 29:4583–4592

https://doi.org/10.1245/s10434-021-11249-7

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-021-11249-7&amp;domain=pdf
https://doi.org/10.1245/s10434-021-11249-7


Metastatic adenocarcinomas of foregut origin (esopha-

gus, gastric, duodenal, biliary, ampullary and pancreatic)

are aggressive,1 and have limited treatment options, poor

quality of life, and a dismal prognosis.2–5 A subset of

patients with limited metastatic disease2–4 have favorable

outcomes with locoregional therapies such as metastasec-

tomy. Identifying this cohort of patients that might benefit

from curative intent cytoreductive therapies in metastatic

foregut adenocarcinomas is challenging.6–13

Oligometastasis is a distinct disease state between

locally confined tumor and widespread systemic metasta-

sis.14, 15 It is based on the hypothesis that the evolution of

metastatic disease has intermediary states in which disease

is confined to a limited number of sites or organs.14–16

Therefore, local therapies including surgical resection of

this limited metastatic disease may confer a survival ben-

efit. Over the past decade, prospective randomized studies

have confirmed the role of metastasis-directed interven-

tions with improvement in oncological outcomes in many

solid cancers such as non-small-cell lung cancer

(NSCLC),17 colorectal cancer,18, 19 and prostate cancer,20

with a subset of patients achieving long-term disease-free

survival. Whether actively reducing tumor burden leads to

improved PFS and, by extension, OS, or whether merely

having a lower tumor burden at diagnosis is indicative of

lead-time bias and/or favorable disease biology remains

unknown. In addition to evaluating such active tumor

reduction with an appropriate randomized control, care-

fully identifying such patients with oligometastatic disease

who may benefit from locoregional surgical interventions

may improve oncologic outcomes.

Circulating tumor deoxyribonucleic acid (ctDNA), or

fragmented, tumor-derived DNA molecules circulating in

the bloodstream is rapidly emerging as a non-invasive

diagnostic and prognostic biomarker for several different

malignancies.21–26 The fraction of patients with

detectable ctDNA, as well as its concentration within the

plasma, is known to correlate with increasing tumor

stage.27 Recent systematic reviews have found that patients

with lower levels of circulating stigmata of cancer tend to

have better overall survival28 and that such markers are

beneficial in identifying patients experiencing biochemical

and clinical responses to systemic therapy.28, 29 Traditional

tumor markers such as CEA, CA 19-9, and AFP have

varying specificity, limited prognostic value, and can be

misleadingly elevated in benign conditions. In contrast,

ctDNA is more specific, with levels of detection correlating

with malignant progression.30 Moreover, ctDNA has been

established as a valuable tool for predicting prognosis

before and after therapy for different cancers31 and has

demonstrated promise for the detection of recurrence of

cancer following resection.32–34

To our knowledge, this randomized study is unique in

evaluating the efficacy and safety of systematic selection of

patients with oligometastatic disease, without

detectable ctDNA after induction chemotherapy, for

sequential cytoreductive interventions.

METHODS

This protocol summary follows the Standard Protocol

Items: Recommendations for Interventional Trials

(SPIRIT) Statement.35

Design and Setting

This study is a single-center, phase II, open-label ran-

domized clinical trial assessing the role of sequential

cytoreductive interventions in addition to standard of care

chemotherapy compared with chemotherapy alone in

patients with oligometastatic foregut adenocarcinoma.

Eligibility

A total of 48 consecutive patients presenting to the

University of Chicago Medical Center with synchronous or

metachronous oligometastatic adenocarcinoma of the

foregut will be enrolled for this trial. Patients with eso-

phageal, gastroesophageal junction, gastric, duodenal, or

ampullary adenocarcinoma will be considered as having

intestinal-type cancer, while those with cholangiocarci-

noma or adenocarcinoma of the pancreas or gall bladder

will be considered to be the pancreaticobiliary type. For

patients with synchronous metastasis, the primary site must

be either resectable or amenable to definitive interventions

(radiation, chemoradiation, or ablation). Furthermore, for

those presenting with metachronous metastasis, the distant

disease must have developed at least 6 months after com-

pletion of previous curative-intent treatment of the primary

site. The oligometastatic state in the study is defined as the

presence of limited metastatic disease, limited to two sites

amenable to either complete surgical resection and/or

ablative interventions. Metastatic sites may include lung,

liver, non-regional lymph nodes, or peritoneal disease. The

number of metastatic lesions must be limited to five total

combined for both lung and liver sites. The non-regional

lymph nodes are defined according to the primary (Ap-

pendix A, Supplementary file), and must be limited to two

sites. Similarly, the peritoneal lesions must have a com-

bined Peritoneal Carcinomatosis Index (PCI) of less than

six and should be amenable for a CC-0 cytoreduction. In

addition, the ctDNA levels must be undetectable (whether

present or not at baseline) after the completion of induction

chemotherapy. ctDNA analysis will be performed using
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Guardant360 CDx and/or SignateraTM. For consistency, we

will use Guardant 360 CDx as a selection tool for the trial

and SignateraTM for the exploratory analysis. Informed

consents will be obtained from all eligible patients

according to the institutional review board requirements.

Patients who progress on induction chemotherapy, have

bone and central nervous system metastasis, malignant

pleural effusions, histology other than adenocarcinoma

and/or previous or current additional malignancies will be

excluded (exceptions include history of treated cutaneous

basal cell carcinoma, cutaneous squamous cell carcinoma,

prostate cancer, or carcinoma in situ). Patients who previ-

ously received ablative treatment for metastatic disease

(surgery, radiation, or chemotherapy) will be excluded;

however, those that have initiated systemic chemotherapy

consistent with the trial protocol may participate in the trial

if all other eligibility criteria are satisfied. Other exclusion

criteria are age \ 18 years or [ 80 years; major surgery

within 3 weeks of first trial intervention;[20% weight loss

despite adequate nutritional interventions; inadequate

organ function (Appendix B, Supplementary file); malab-

sorption or bowel obstruction; active COVID-19 or

tubercular infection; and any immunocompromised state

including infection with HIV. Pregnant and lactating

females will be excluded. The participants must agree to

use contraception (hormonal, barrier birth control, or

abstinence) for at least 95 days after completing any study

interventions.

Randomization

Once eligibility has been established and patient details

have been noted, patients will undergo induction

chemotherapy as per the current guidelines. After the

completion of chemotherapy, ctDNA levels will be tested,

and those having undetectable levels will be allocated in a

1:1 ratio either to the sequential definitive interventions

(Arm 1) or to continued chemotherapy (Arm 2). Ran-

domization will be performed using the method of

permuted blocks and implemented using a computer-based

randomization program. The patients will be stratified by

type of primary (intestinal vs pancreatico-biliary); syn-

chronous vs metachronous metastasis; and the response to

chemotherapy based on the Response Assessment Criteria

in Solid Tumors (RECIST) 1.1 criteria (partial or complete

response vs stable disease). Data will be analyzed on an

intention to treat (ITT) basis if patients are not subjected to

the randomized treatment modality; a modified ITT (mITT)

will evaluate outcomes in those patients receiving the

intended therapies in each arm. Figure 1 describes the flow

schema of the study.

Arm 1: Sequential Cytoreductive Interventions

Following 3 months of induction chemotherapy and a

negative ctDNA assay, patients randomized to the inter-

vention arm will undergo cytoreductive interventions. All

sequential interventions must be completed within the

3-month time frame following the randomization. Inter-

ventions will generally be performed in the following

preferred order: pulmonary lesions first, followed by non-

regional nodes, then liver lesions, then primary site, and

finally peritoneal disease. However, alteration of this

sequence may be allowed after discussion in a multidisci-

plinary tumor board or at the discretion of the treating

physician.

Lung metastases will be addressed either surgically

(preferred if feasible) or otherwise via consolidative radi-

ation or ablation. The surgical approach will be either by

video-assisted thoracoscopic surgery (VATS) or an open

thoracotomy; with a resection maximum of three wedge

resections, or a single lobectomy. Either surgical excision

or consolidative radiation will address any identified non-

regional nodal disease. Excision will be performed for

grossly positive nodes as determined clinically or on

imaging if undergoing surgery. Similarly, either resection

(hepatic wedge resection, sectorectomy, sectionectomy or

lobectomy), percutaneous ablation (radiofrequency or

microwave), consolidative radiation, or any combination of

these treatments will be used for any hepatic lesions

depending on location and quantity. The primary site will

be managed according to the standard guidelines for the

curative-intent treatment, either a surgical resection, radi-

ation, or chemoradiation. Finally, peritoneal metastases

will be addressed with a segmental peritonectomy exclu-

sively involving the diseased site; however, no

hyperthermic intraperitoneal chemotherapy (HIPEC) will

be performed. Of note, the primary site, and any liver and/

or peritoneal lesions may be addressed simultaneously in a

single operation if deemed feasible.

Following the completion of sequential cytoreductive

therapy, patients will resume standard first-line systemic

therapy (including maintenance therapy) until first disease

progression, for a duration determined at the treating

physician’s discretion. At the time of first progression, [if

the progression of the disease is determined by imaging to

be outside the planned ablative field(s)], patients will

proceed to standard second-line systemic therapy. A repeat

metastasectomy may be considered for patients who pre-

sent with metachronous oligo-recurrence (oligometastasis

appearing 6 months after the initial cytoreductive inter-

ventions) that is amenable for resection/ablation with

curative intent. ctDNA levels will be measured after each

intervention and monthly thereafter for the first 6 months

after completion of interventions (Fig. 1).
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Arm 2: Chemotherapy

The patients randomized to the continued systemic

therapy arm will continue on as per current guidelines until

progression. Disease progression will be determined by

cross-sectional imaging as outlined in the primary end-

points. ctDNA levels will be measured monthly for 6

months. If first disease progression is confirmed, patients

will be eligible for second-line palliative therapies as

appropriate. If a patient discontinues therapy for whatever

reason without disease progression, patients will then be

followed for disease progression or death every 2–3 months

until the study completion.

Follow-Up

Monthly follow-up will be carried out for 12 months

(Tables 1, 2). Subsequently, patients will be followed as

per current recommendations for the respective primary

site. Patients will undergo cross-sectional imaging every 2

months to assess for disease progression. In addition,

ctDNA levels will be assessed monthly for the first 6

months and subsequently every 2 months until 2 years after

randomization. If a participant fails to return to the clinic

for a required study visit, every effort will be made to

regain contact, and the missed visit will be rescheduled.

These contact attempts will be documented in the partici-

pant’s medical record. The participant will not be

considered lost to follow-up until the last scheduled visit.

Endpoints

The primary endpoint of this trial is progression-free

survival (PFS), from the time from randomization to clin-

ical disease progression or death, whichever comes first.

Progression will be determined on cross-sectional imaging

based on the RECIST 1.1 criteria. The first imaging for the

assessment of progression will be 3 months after random-

ization in both arms (i.e., after the completion of all

planned cytoreductive interventions). Any disease pro-

gression noted on imaging intended for therapeutic

planning obtained before a cytoreductive intervention

within these first 3 months will be designated as a pro-

gressive disease only if there is a confirmed out-of-field

disease or a progression precluding planned cytoreductive

intervention.

Secondary endpoints include the ctDNA conversion

rates post-induction therapy, overall survival (OS), disease-

free survival (DFS) in the intervention arm, 6-month PFS

rate, 12-month OS rate, 6- and 12-month ctDNA negativity

rates, ctDNA PFS, PFS2 (defined as time from random-

ization to progression on second-line therapy, which

includes repeat interventions as indicated in the interven-

tions arm), adverse events defined as per Common

Terminology Criteria for Adverse Events (CTCAE) version

5.0, and finally, the patient-reported outcomes (PRO) for

quality of life and financial toxicity. The quality of life will

be assessed using the EORTC-QLQ-C30 questionnaire,36

while financial toxicity will be assessed using the Com-

prehensive Score for Financial Toxicity (COST)

Measurement of 
ctDNA

Patients with 
oligometastatic 

foregut  
Adenocarcinoma

Measurement of 
ctDNA

Treatment 
continues as per 
standard of care

Arm 2
(Standard of care 

chemotherapy)
3 months

Treatment 
continues as per 
standard of care

Arm 1
(Cytoreductive 
Interventions)

3 months

RANDOMIZATION (1:1)
Patients with undetectable 

ctDNA

Induction 
Chemotherapy

(3 months)
(CtDNA at 6 weeks)

Patient Stratification:
• Intestinal vs 

Pancreaticobiliary
• Synchronous vs Metachronous
• Response to induction 

chemotherapy

Exclusion:
1. Progression of disease
2. Detectable ctDNA

Monthly ctDNA 
measurements

Monthly 
ctDNA 

measurements

Monthly 
ctDNA 

measurements

Monthly ctDNA 
measurements

FIG. 1 Trial schema
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questionnaire.37 PROs will be completed after randomiza-

tion on weeks 1, 3, 5, and 9, and every 4 weeks thereafter,

at the treatment-discontinuation visit, and the 30-day post-

treatment safety follow-up visit. A subgroup analysis will

be conducted for these outcomes in various stratification

subgroups. Exploratory endpoints will include molecular

characterization of the primary and metastatic disease sites

to determine prognostic biomarkers.

Statistical Analysis

This study is designed to detect an improvement in the

median PFS from 3 months in the standard of care arm (Arm

2) to 6 months in the intervention arm (Arm 1), corre-

sponding to a hazard ratio (HR) of 0.5 (under exponential

survival assumptions). This is based on the published range

of PFS of standard of care therapy for patients with foregut

adenocarcinoma from the point of randomization (after 3

months of induction chemotherapy). Patient enrolment will

be conducted on a rolling basis. The required sample size for

the primary endpoint of PFS based on using a one-sided

alpha of 0.1 and power of 80% is 44 patients (22 per arm). We

will enroll patients for 24 months and have a subsequent

follow-up of 12 months. To account for an estimated 10%

dropout, we will increase the total enrolment to 48 patients.

The projected number of PFS events is 42. If fewer events

have occurred at the end of 3 years, follow-up will continue

until 42 PFS events have been observed.

The baseline continuous data will be expressed as

means, standard deviations, medians, and interquartile

ranges; baseline categorical data will be described as

numbers and percentages. All comparative analyses will be

conducted on an ‘intention to treat’ basis; a modified

intention to treat (mITT) will evaluate outcomes in those

patients receiving the intended therapies in each arm. PFS,

OS, and ctDNA PFS will be estimated by the Kaplan-Meier

method and compared between the two treatment arms

using a log-rank test.38

A Cox regression model will be fitted to estimate the HR

along with a 90% confidence interval (CI). The Brook-

meyer-Crowley procedure will be performed to estimate

median event times, along with 90% CIs.39 Mixed-effects

regression models will be fitted to analyze longitudinal

ctDNA measurements, the quality of life (PRO) outcomes,

and to compare the profiles over time between the two

treatment arms.

Surgical morbidity and other adverse events will be

summarized by type, grade, and attribution, and compared

between groups using chi-square or Fisher exact tests, as

appropriate. Finally, the correlation among biomarkers will

be summarized by Pearson or Spearman rank correlation

coefficients, and the association between baseline

biomarkers and PFS, OS, and ctDNA PFS will be analyzed

via Cox regression modeling. These models will include

random subject effects in addition to treatment, time, and

treatment-by-time interaction terms.

Accrual and Limitations

For the inclusion of 48 subjects, approximately 24

months will be required. We will attempt to enroll 24

patients each year for 2 consecutive years. A futility

analysis will be performed after half of the projected 42

PFS events have occurred, using the Wieand et al. (1994)

stopping criterion.40 If, at this point, the HR for the

experimental to control arm is [ 1, i.e., aggressive treat-

ment is performing no better than the standard of care, the

trial will be terminated for futility. This rule is associated

with a minimal power loss (\ 2%).

Monitoring and Auditing

This study will be monitored by the designated

University of Chicago Clinical Research Associate (CRA)

as per the University of Chicago, Section of Hematology

and Oncology standard operating procedures. Monitoring

will be conducted to verify the following: the adherence to

the protocol, completeness and accuracy of study data and

samples collected, compliance with regulations, and sub-

mission of required source documents.

Quality assurance audits will ensure that study data are

collected, documented, and reported in compliance with

Good Clinical Practices (GCP) Guidelines and regulatory

requirements. The audit will review subjects enrolled at the

University of Chicago as per audit procedures specified in

the University of Chicago Comprehensive Cancer Center

(UC CCC) Data and Safety Monitoring Plan.

Trial Registration

The trial is registered at http://clinicaltrials.g

ov (NCT04931420).

DISCUSSION

Cancers of foregut origin pose a considerable burden on

society with more than 160,000 estimated new cases in

2021, leading to more than 100,000 estimated deaths in the

United States.41 Forty percent of esophageal cancer, 36%

of gastric cancer, and more than 50% of pancreatic cancer

patients have metastatic disease at the time of diagnosis.

The majority succumb to their disease process within 18

months of diagnosis. Therefore, the National Comprehen-

sive Cancer Network (NCCN) guidelines recommend

enrolling such patients in clinical trials.2–4 Our study is the

4588 A. Dhiman et al.
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first of its kind and will attempt to identify a subset of

patients with metastatic foregut adenocarcinoma who may

benefit from sequential cytoreductive interventions in

addition to the standard of care therapy.

The concept of oligometastasis was first described by

Hellman and Weichselbaum in 1995 as a characteristic of

various solid tumors having limited metastatic capacity.14

This limited metastatic capacity relates not only to the

small number of lesions confined to limited sites, but also

potentially to the favorable tumor biology, which may

provide clinicians with a window of opportunity in which

to intervene and to delay or prevent malignant progres-

sion.15, 42 On the other hand, oligometasastic presentation

could merely represent lead-time bias, with numerous

occult metastatic lesions not yet visible — this is particu-

larly true historically for the upper GI cancers. However,

over the past decade, a few studies involving patients with

various solid malignancies have strengthened this concept

of heterogeneity in metastatic potential. In a multicenter

randomized study, Gomez et al. showed better PFS in

patients with NSCLC having three or fewer metastatic

lesions treated with localized consolidative radiation ther-

apy in addition to the standard maintenance therapy.17

Reducing the tumor burden with locoregional therapies

such as surgery, radiation, or ablation has improved sur-

vival for some histologies such as colon cancer.43–45 The

recent SABR-COMET trial found that multi-site radiation

for oligometastatic disease improved survival in the cohort

containing numerous solid tumors.45 However, there is a

scarcity of randomized data for the foregut tumors showing

the benefit of aggressive interventions in the setting of

metastatic or oligometastatic disease. The AIO-FLOT3

trial demonstrated improvement in overall survival in

patients having limited metastatic gastric or gastroe-

sophageal junction adenocarcinoma who underwent

complete resection of the primary tumor and had complete

macroscopic response at metastatic sites after neoadjuvant

chemotherapy.13 The REGATTA trial, however, failed to

show a benefit to gastrectomy (but not metastasectomy)

over standard chemotherapy in patients with single-site

metastasis from gastric cancer.46 However, not all sites of

disease in this study were definitively addressed with sur-

gery and/or ablation. A handful of retrospective cohort

studies have demonstrated favorable oncological outcomes

with curative-intent treatment for oligometastatic cancers

of the stomach, esophagogastric junction, pancreas, and

bile duct.6, 9, 10, 16 The major limitations of these studies

are their limited sample size, heterogeneity in definitions of

oligometastasis and treatment protocols, and lack of ran-

domized control to rule out latent biology and selection

bias. Importantly, with increasing efficacy of systemic

therapies for upper GI cancers including more potent triplet

(and even quadruplet) cytotoxic chemotherapy regimens as

well as immunotherapy checkpoint inhibitors, there is

possibly more potential that surgical/ablative approaches

may provide benefit in oligometastatic scenarios. However,

it remains crucial to sensibly identify which patients will

actually derive meaningful benefit.

Currently, liquid biopsies, such as assays for ctDNA along

with ctDNA dynamics before and after systemic therapy,

provide for a non-invasive, rapid assessment tool of prog-

nosis. Studies have established the role of ctDNA in

prognostication after curative-intent surgery for colon can-

cers and some foregut cancers such as gastric cancer,23, 47

and it has been described as a prognostic marker, and used for

postoperative surveillance in both diseases.22, 23, 48 Pietrasz

et al. demonstrated that the presence of ctDNA was strongly

correlated with poor overall survival in patients with

advanced pancreatic or ampullary adenocarcinoma.24 A

subgroup analysis demonstrated that patients with unde-

tectable ctDNA following surgery had a superior disease-

free survival (17.9 vs 4.6 months) and overall survival (32.2

vs 19.3 months).24 Several groups, including ours, have

demonstrated that in the metastatic setting, ctDNA dynamics

before and after therapy have prognostic implications, with

patients having stable or increasing ctDNA levels having

worse prognoses than those with a 50% or more decline in

ctDNA levels. Thus, a major hypothesis of the current study

will evaluate the utility of ctDNA as a biomarker to identify

favorable tumor biology to judiciously select patients most

suitable to proceed with aggressive therapies in the oligo-

metastatic setting.

This trial protocol has various potential limitations. The

trial involves enrolment of various histologies, which

might confound the results due to the differing clinical and

biological behavior. We have tried to address this by

stratifying the primary sites based on whether they are of

intestinal or pancreaticobiliary origin, prior to randomiza-

tion. Another limitation is the multifactorial selection

criteria, particularly requiring undetectable ctDNA at

enrolment, which may lead to a low accrual rate. However,

given the poor prognosis of this collection of cancers, we

have opted to aggressively select patients for good prog-

nosis, then evaluate this population in randomized fashion

in order to determine if there is benefit to aggressive

intervention versus continued palliative systemic therapy.

We are also limiting cytoreductive interventions to be

completed within 3 months, which may not allow all the

interventions to be performed in a subset of cases.

The study has potential strengths. If successful, this

study will advance the field by providing evidence for or

against the provision of invasive treatment options of

common and aggressive foregut tumors for patients with

limited metastatic disease that is ctDNA negative after

induction therapy. The study may also yield insights into

the molecular characteristics of patients with superior
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outcomes, leading to better selection criteria for future

research. This study design also allows for adequate

monitoring of the feasibility and safety of these aggressive

interventions in terms of adverse events, patient quality of

life, and financial burden.

This randomized clinical trial aims to provide the evi-

dence for effectiveness and safety of curative-intent

interventions in patients with ctDNA negative oligometa-

static adenocarcinoma of foregut origin and to identify the

subset of patients who may benefit most from these inter-

ventions. Moreover, data from this study will likely inform

the design of a larger, phase III trial and develop pertinent,

timely, and relevant knowledge in the field of oncology.

Supplementary Information The online version contains

supplementary material available at https://doi.org/10.1245/s10434-

021-11249-7.
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