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Abstract
We performed a NCI-sponsored, prospective study of neoadjuvant FOLFIRINOX followed by
chemoradiation (CRT) with carboplatin/paclitaxel followed by surgery in patients with locally advanced
gastric or gastroesophageal (GEA) cancer. The primary objective was to determine completion rate of
neoadjuvant FOLFIRINOX x 8 followed by CRT. Secondary endpoints were toxicity and pathologic
complete response (pCR) rate. Exploratory analysis was performed of ctDNA to treatment response. From
Oct 2017 to June 2018, 25 patients were enrolled. All patients started FOLFIRINOX, 92% completed all 8
planned cycles, and 88% completed CRT. Twenty (80%) patients underwent surgical resection, and 7 had
a pCR (35% in resected cohort, 28% ITT ). Tumor-speci�c mutations were identi�ed in 21 (84%) patients,
of whom 4 and 17 patients had undetectable and detectable ctDNA at baseline, respectively. Presence of
detectable post-CRT ctDNA (p=0.004) and/or postoperative ctDNA (p=0.045) were associated with
disease recurrence. Here we show neoadjuvant FOLFIRINOX followed by CRT for locally advanced GEA is
feasible and yields a high rate of pCR. ctDNA appears to be a promising predictor of postoperative
recurrence.

Introduction
Despite recent advancements, gastric and gastroesophageal junction adenocarcinoma (GEA) remains a
lethal disease1,2.  While surgical resection offers the potential for cure in locoregional disease, the
majority of patients experience disease recurrence within 5 years3.  To that end, numerous treatment
paradigms and regimens have been explored to improve upon the outcomes of surgery alone3-9.  For
gastric cancer, postoperative chemoradiation, perioperative chemotherapy, and postoperative
chemotherapy are accepted approaches3-8.  For locally advanced GEJ cancer, preoperative
chemoradiation and perioperative chemotherapy have been established as standards of care4,9.  
 However, despite these recent advancements, the risk of distant recurrence remains high, at over 50% by
�ve years3,5.   Strategies to optimize the integration and sequencing of multimodality therapy, coupled to
biomarkers of response, remain a signi�cant unmet need10-12.  

Outside of GEA, FOLFIRINOX has emerged as a standard of care for pancreatic cancer in both the
resectable and metastatic setting13,14.  Additionally, there is a growing body of literature evaluating the
e�cacy of this regimen in gastroesophageal and gastric cancers15-17.  A pooled analysis of two ongoing
Phase II trials of FOLFIRINOX in the �rst line metastatic setting for GE junction cancers demonstrated an
overall response rate (ORR) of 62.5%15.  In a recently published phase II trial of advanced GEA, among
ERBB2-negative patients treated with FOLFIRINOX alone, the ORR was 61%, with a median overall
survival of 15.5 months.  Among ERBB2-positive patients treated with FOLFIRINOX and trastuzumab, the
ORR was 85%, with a median OS 19.6 months 16.  Additionally, a multi-institutional phase II trial of 36
patients with locally advanced GEA evaluated pharmacogenomically dosed perioperative FOLFIRINOX
and reported R0 resection rate of 92% and a pathologic complete response (pCR) rate of 23%17.  Based
on these promising results, we sought to perform a single-arm pilot study of total neoadjuvant therapy
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with FOLFIRINOX, followed by consolidative chemoradiation with concurrent carboplatin/paclitaxel,
followed by surgery, in patients with GEA planned for curative intent therapy.  

Methods
Patient Selection:

Patients with previously untreated gastric or gastroesophageal junction adenocarcinoma were enrolled in
this National Cancer Institute-sponsored single-arm pilot clinical trial from October 2017 to June 2018
(NCT03279237).  This study was approved by the XXXX/XXXX Institutional Review Board.  All patients
provided written informed consent.  Prior to study enrollment, all patients underwent the following
evaluation:   1) clinical staging, including EGD +/- EUS, computed tomographic (CT) scan of the chest
and either a CT scan of the abdomen/pelvis or a magnetic resonance imaging (MRI) scan of the
abdomen with intravenous (IV) contrast within 42 days of enrollment, 2) physical examination within 14
days of enrollment, and 3) baseline laboratory studies, including urine HCG for women of childbearing
potential.  Staging laparoscopy was not required prior to study treatment and was at the discretion of the
treating investigator.  

Study eligibility criteria were as follows: histologically or cytologically con�rmed T3/4 or lymph node
positive disease (de�ned as > 1 cm in size and/or FDG-avid), centralized pathologic con�rmation; age
≥18 years; ECOG PS ≤ 1; life expectancy > 3 months; and adequate organ and marrow function as
de�ned as absolute neutrophil count ≥ 1,500 cells/mm3; platelets ≥ 75,000 cells/mm3; AST(SGOT) and
ALT (SGPT) ≤ 2.5 × upper limit of normal, and creatinine ≤ 1.5 mg/dL, or creatinine clearance ≥ 30
mL/min/1.73 m2 for participants with creatinine levels above institutional normal; and the ability to
understand and the willingness to sign a written informed consent document.  The full protocol is
provided in supplemental data (Supplemental Appendix 1).

Exclusion criteria included: evidence of metastatic disease within six weeks of study entry, prior treatment
for the participant’s gastric or GE junction cancer; treatment of other invasive carcinomas within the last
�ve years with greater than 5% risk of recurrence at time of eligibility screening; receipt of any other
investigational agents within 4 weeks preceding the start of study treatment; serious concomitant
systemic disorders; pregnancy; major surgery (excluding laparoscopy) within 4 weeks of start of study
treatment; prior systemic �uoropyrimidine therapy or known hypersensitivity to 5-�uorouracil or
known dihydropyrimidine dehydrogenase (DPD) de�ciency; and a history of allergic reaction(s) attributed
to compounds of similar chemical or biologic composition to 5-�uorouracil, irinotecan, or oxaliplatin.
Distant nodal disease was allowed if it was deemed to be covered within a radiation treatment �eld and
curative therapy was planned.

 

Study Design: 
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This is a single-arm pilot study of the neoadjuvant administration of the FOLFIRINOX regimen and pre-
operative radiation therapy followed by surgery in patients with locally advanced (T 3/4 or N+) gastric or
GEA.    The primary study objective was to determine the completion rate of neoadjuvant FOLFIRINOX
followed by consolidative chemoradiation with concurrent carboplatin/paclitaxel delivered in the
preoperative setting.  Secondary objectives included: 1) acute toxicity; 2) pCR rate; 3) progression-free
survival (PFS); 4) overall survival (OS).   Pre-planned correlative studies to explore the relationship
between ctDNA and clinical outcomes were performed.   Exploratory analyses were performed to evaluate
tumor microenvironment and molecular pro�ling.  

 

FOLFIRINOX

FOLFIRINOX was planned for 8 cycles on a 14-day cycle.   5-Fluorouracil was administered as 400
mg/m2 bolus on day 1, then as a 2400 mg/m2 continuous infusion for 46 hours.  Leucovorin calcium,
400 mg/m2; oxaliplatin 85 mg/m2, and irinotecan hydrochloride 180 mg/m2, were administered on day 1,
as previously described14.  Peg�lgrastim, 6 mg, was administered on day 4. Dose adjustments for toxicity
were prede�ned in the protocol (Supplemental Appendix 2).  Patients were restaged with CT scans of the
chest, abdomen, and pelvis after 4 and 8 cycles of FOLFIRINOX.  

 

Chemoradiation 

Chemoradiation treatments were scheduled to begin within 4 weeks after completion of FOLFIRINOX.
 Carboplatin and paclitaxel were administered concurrently with the radiation therapy.  Carboplatin (area
under the curve [AUC]=2) was administered weekly over 1 hour.   Paclitaxel 50 mg/m2 was administered
as an IV infusion over 30-60 minutes weekly as previously described9.   

All radiation treatments were administered at the XXXXX.  All patients underwent 4D-CT simulation with
oral and IV contrast in a supine position.   For photons, all patients received IMRT or VMAT.  Daily cone
beam CT was performed pre-treatment for set up veri�cation.   Tumor volume was de�ned on the basis of
CT, PET/CT and MRI.  The Gross Tumor Volume (GTV) was de�ned as the gross primary tumor and any
lymph nodes ≥1 cm.  For participants with diffuse type gastric cancer, where the GTV could not be
visualized, the entire stomach was identi�ed as GTV.  When the GTV was clearly identi�ed, the clinical
target volume (CTV) included a longitudinal mucosal margin of 3.5-4 cm proximally and distally to the
GTV.  A 5 mm CTV expansion was generated based on all grossly enlarged lymph nodes.   Elective lymph
node coverage included celiac and gastrohepatic lymph nodes for all patients.   For GEJ and cardia
lesions, coverage of paraesophageal lymph nodes within 4 cm of the tumor was recommended; for distal
gastric lesions, porta hepatis lymph node coverage was recommended.   Coverage of splenic lymph
nodes (for GE junction/cardia lesions) and peripancreatic lymph nodes (for distal gastric lesions) were at
the discretion of the treating physician.  The Planning Target Volume (PTV) was customized based on the
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4D CT scan; however, generally, a 5 mm expansion was used, except for 7 mm superiorly/inferiorly.  The
prescribed dose to the PTV for gastric tumors was 4500 cGy delivered in 180 cGy/day over 25 fractions.
 For gastroesophageal junction tumors, a 540 cGy boost was included to the GTV + 1 cm.   Normal dose
constraints were prede�ned in the protocol (Supplemental Appendix 3).  

 

Surgery

After completion of chemoradiation, restaging CT scan was evaluated by the multidisciplinary team.
 Surgical resection was performed approximately 4-6 weeks after completion of chemoradiation.
 Surgical procedure and extent of LN dissection was performed at the discretion of the treating surgeon.
For gastric cancers, an extended (D1+ or D2) lymph node dissection was performed.  

 

Follow-Up  

After treatment completion, study participants had a follow-up baseline CT scan performed 3-8 weeks
postoperatively.  Subsequently, follow-up visits were scheduled with laboratory evaluations every 3
months and with CT scans every 6 months for the �rst 2 years, visits with blood work every 3 months and
annual CT scans for year 3, and visits with blood work at least every 6 months and annual CT scans up
to year 5.  

 

Pathologic Evaluation

Pathologic �ndings were scored per standard institutional practices, including margin status (proximal,
distal, radial) and nodal status (total assessed, total positive).  Tumor regression grade (TRG)18 was
recorded for all patients undergoing surgery, and pathologic complete response was de�ned as TRG 0.

 

Correlative Studies:

Circulating tumor DNA

Tumor biopsies from the time of diagnosis as part of routine care were subjected to an internal next-
generation sequencing platform evaluating 104 known cancer genes. Blood was drawn at pre-speci�ed
study time points (baseline, cycle 1 day 8, cycle 5 day 1, pre-chemoradiation, preoperatively, every 3
months postoperatively, and at progression) at time of draws for routine clinical care.  ctDNA was
extracted from plasma using QIAGEN-based protocols and ampli�ed by digital droplet PCR (ddPCR)
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using primers for tumor-speci�c point mutations. One or more driver mutations that matched the patient’s
tumor sequencing were followed longitudinally.

 

Tumor Microenvironment

Immunohistochemical staining to evaluate tumor microenvironment was performed with the remaining
tissue available from the diagnostic biopsy after ctDNA analysis.  Surgical resection samples were also
obtained for comparison.    Five-micron sections were cut from the selected para�n blocks and stained
by immunohistochemistry (IHC).  CD8+ TIL were scored based on % of tumor cells with CD8+ T cells on
them as follows19: 0-rare; 1-<5%; 2-≥5% but <25%; 3->25%.  In the pretreatment specimens, 3 high power
�elds (HPFs) were reviewed, and the average was reported, except for PD-L1 which was reported as
combined positive score (CPS).  In the post-treatment cases, due to heterogeneity in immune cell
in�ltration appreciated, semiquantitative scoring was performed (Supplemental Appendix 4).  The
speci�c antibodies and conditions used for each immune marker were: (1) CD8 - clone 4B11, Leica
Biosystem; (2) PD-1 - clone EH33, Cell Signaling Technology; (3) PD-L1 - clone E1L3N, Cell Signaling
Technology; (4) CD3 - clone LN10, Leica Biosystem; (5) FOXP3 - clone 236A/7, Biocare.   Due to the
limited sample size, statistical analysis was not performed for paired comparison.

 

Tumor Molecular Analysis by SNaPshot analysis

               Molecular pro�ling of hotspot SNP, indel and copy number variants was performed using
SNaPshot analysis, an Anchored Multiplex PCR strategy previously described20. Brie�y, after pathologic
review to determine sample tumor enrichment, genomic DNA was isolated from FFPE- embedded tumor
specimens. Genomic DNA was sheared, end-repaired, A-tailed and then modi�ed by ligation of half-
functional Illumina adapters. Two hemi-nested PCR reactions targeting genomic regions of interest (i.e.,
SNP/mutation, indel or copy number hotspots, Supplemental Appendix 5) were performed, and
sequenced using Illumina Nextseq 2x150bp paired-end sequencing. Genome alignment to the hg19
reference sequence was performed using Novoalign (Novocraft Technologies; Selangor, Malaysia) and
various methods for variant calls were employed, including use of MuTect121, LoFreq22, GATK23-25 and a
laboratory-developed hotspot and copy number caller. This test is validated to detect variants with at
least 5% allelic frequency, in regions with su�cient NGS read coverage.

 

Analysis of the Cancer Genome Atlas (TCGA) Data

Data from the TCGA26 were analyzed using cBioportal27 and Xenabrowser.net28 to assess co-mutation
frequency and alteration subtype speci�city. 
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Statistical Analysis:   

               The primary endpoint was neoadjuvant therapy completion, de�ned as the portion of patients
receiving all planned induction FOLFIRINOX followed by chemoradiation.   Sample size was planned for
25 patients, and if at least 18 of the 25 patients were able to complete the speci�ed treatment plan, then
the primary endpoint was met.  The decision rule was associated with 89% power for declaring success if
FOLFIRINOX in combination with chemoradiation were associated with an underlying completion rate of
80%.  In contrast, the probability of a type I error was only 15% if 60% of patients were able to complete
the intended treatment plan.  Toxicity was de�ned per CTCAE  v4.03.   PFS and OS were measured from
the date of treatment start and estimated by the Kaplan-Meier method. OS time was censored at the date
of last follow-up for patients still alive.  PFS time was de�ned until detection of locoregional recurrence,
distant metastases, or death without documented progression, whichever date was earliest, or censored
at the date of last follow-up. The distant metastasis (DM) rate was estimated as the cumulative incidence
with progression or death before chemoradiation as a competing risk. Fisher’s exact test and Gray’s test
were used, respectively, to analyze pCR and DM rates by ctDNA detection status, with the p-values based
on a two-sided hypothesis. As the biomarker analysis was exploratory, the level of type 1 error was not
pre-speci�ed.  Statistical analysis was performed using SAS version 9.4 (SAS Institute) and R version
3.3.1 (R Foundation).

Results
Between October 2017 and June 2018, a total of 25 eligible patients were enrolled.  Table 1 describes
baseline patient and tumor characteristics.  The median age was 60 (range: 30-76), and 68% were male.
 The primary site was 60% GE junction and 40% stomach.  The clinical stage of disease was T3N0 (8%),
T4N0 (12%), T1-4N+ (80%).  At time of presentation, 28% of patients had nodal M1 disease.

Treatment Completion 

Of 25 patients who started treatment, 2 patients developed metastatic progression on FOLFIRINOX.  Of
the remaining 23 patients who completed FOLFIRINOX, 23/23 (100%) proceeded to chemoradiation.  One
patient died during chemoradiation of a cardiac pulseless electrical activity (PEA) arrest, which was
deemed unrelated to treatment.  Of the remaining 22 patients (88%) who completed chemoradiation, all
proceeded to surgical exploration.  Thus, 22/25 (88%) enrolled patients completed the induction
FOLFIRINOX and chemoradiotherapy.  During surgery, 2 of the 22 patients were found with intraoperative
metastases, and therefore, a total of 20 patients (80%) underwent potentially curative surgical resection
(Figure 1).  Among the 4 patients who developed metastatic progression over the course of treatment,
none had nodal M1 disease at presentation.

Treatment Outcomes
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                Of the 20 patients that went to resection, the median residual tumor size was 0.25 cm (range,
0.0-7.7 cm).  Six (30%) patients had positive lymph nodes, and all patients had a R0 resection.  Surgical
outcomes are summarized in Table 2.    Seven patients achieved a pCR, corresponding to 35% of the
resected patients and 28% of the entire cohort by intention to treat (ITT).  

The median follow-up of the 18 surviving patients was 23.1 months (range, 19.2-26.9 months).  Among
the 20 patients who underwent resection, 14 are still alive without evidence of relapse.  In the entire
cohort, the 1-year DM rate, PFS and OS were 27%, 64%, and 76%, respectively; the 2-year DM, PFS and OS
rate were 37%, 55%, and 72%, respectively (Figure 2).  Excluding the 7 patients with nodal M1 disease, the
1-year and 2-year DM rate, PFS and OS were 25% and 39%, 67% and 54%, and 78% and 72%, respectively.
  Among the 8 patients with progression following chemoradiation, the site of �rst failure included the
liver (n=3), peritoneum (n=3), lung (n=1), and brain (n=2).

Acute Toxicity

Table 3 summarizes the acute toxicities of this treatment regimen.  The overall rates of acute grade 3 and
4 toxicity were 16% and 80%, respectively.   However, in all but 2 patients (8%), grade 4 toxicity was
secondary to subclinical lymphopenia during chemoradiation.   To that end, the rate of non-hematologic
grade 3+ and grade 4+ worst toxicity was 48% and 0%, respectively.  One patient died during the course of
chemoradiation at 46.8 Gy from cardiac arrest (PEA arrest), which was clinically most consistent with
pulmonary embolus and felt to be unrelated to treatment.  

ctDNA as a Prognostic  Biomarker

All patients had tissue available for tumor- speci�c mutational analysis.  Across all patients, tumor-
speci�c mutations were identi�ed in 21 (84%) patients by ctDNA ddPCR.  Of the 21 patients with an
evaluable mutation for ddPCR, 4 patients had undetectable ctDNA at baseline, and 17 had detectable
ctDNA pre-treatment.  Undetectable ctDNA was associated consistently with a numerically higher pCR
rate (~50%) across all time points compared to detectable ctDNA, although this was not statistically
signi�cant (Table 4).

A timeline of ctDNA for all patients with evaluable ctDNA is provided in Figure 3.  Among the 16 resected
patients with post-chemoradiation ctDNA draws, only 1 of the 12 patients with undetectable ctDNA (8%)
developed disease recurrence, compared to 3 of the 4 patients with detectable ctDNA (75%) (p=0.004).
 Among the 14 resected patients with postoperative ctDNA draws, none of the 9 patients with
undetectable ctDNA (0%) developed recurrence versus 2 of 5 patients (40%) with detectable ctDNA
(p=0.045) after surgery.   

Tumor Immune Microenvironment

               Only 9 of 25 patients had enough residual pre-treatment baseline tumor after tissue genomic
analysis to perform additional tumor microenvironment evaluation.  Of the 20 patients who underwent
resection, 12 patients had postoperative tissue available for evaluation.  One patient with minimal
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residual disease at time of surgery did not have tissue for postoperative tissue evaluation.  Supplemental
Appendix 6 summarizes the IHC for pre-planned tumor immune microenvironment pro�ling for the
pretreatment and post-treatment specimens.  Of these, only 4 patients had paired pre-treatment and post-
treatment tissue available for comparison (Supplemental Appendix 7).

Pre- and Post-treatment Molecular Pro�les

Twenty pre-treatment and 13 post-treatment samples were analyzed by SNaPshot molecular pro�ling,
with paired pre- and post-treatment analysis available for 11 patients (Supplemental Appendix 8). Review
of variants in pre- and post-treatment samples revealed 3 patients with evidence of potential treatment-
induced subclonal selection and/or tumor evolution (Figure 4). The pre-treatment sample for Patient 25
with a cancer of the gastric antrum demonstrated a KRAS G13D mutation, and this patient was known to
have microsatellite instability as a consequence of MLH1/PMS2 methylation-based gene repression,
consistent with MSI-high gastric cancer. Post-treatment molecular analysis revealed 8 additional MSI
subtype-related mutations, consistent with a hypermutable state (Figure 4A). 

The pre-treatment sample for Patient 24 with GE junction cancer possessed molecular variants in TP53,
RNF43, AKT1 and SMARCA4. Post-treatment analysis (tumor purity 60%) detected new PIK3CA (3 distinct
mutations), MAP3K1, MYCN and FGFR2 mutations but did not detect the TP53 or RNF43 variants,
suggestive of loss of subclone(s) possessing TP53 and RNF alterations (Figure 4B). Numerous PIK3CA
mutations were detected in the post-treatment sample, which could re�ect: 1) single clone with bi-allelic
H1047 mutations, at least one allele of which co-occurs with a C420R mutation, or 2) multiple clones with
different PIK3CA mutation permutations. Of note, the epigenetic disruption from SMARCA4 mutations
has been previously reported to result in gastric tumor subclonal subtype plasticity29, which may be
re�ected in the numerous molecular variants evident on post-treatment sequencing.

Patient 19 with a GE junction adenocarcinoma demonstrated no variants on pre-treatment sample
analysis (tumor purity 70%), while post-treatment analysis indicated 4 molecular variants (TP53, KRAS
ampli�cation, PIK3CA and FBX7W). Analysis of TCGA gastric tumor data (Supplemental Appendix 9)
revealed that none of the PIK3CA mutant TCGA gastric tumors possessed KRAS ampli�cations, and vice
versa. Additionally, KRAS ampli�ed and TP53 mutations clustered in CIN subtype tumors, PIK3CA and
FBXW7 mutations were associated with MSI tumors, and co-mutational statuses were even more speci�c
for these two subtypes. Assessing Patient 19’s tumor evolution using this information suggests two
models of tumor evolution (Figure 4C): 1) typical “accumulation” of mutations, and 2) establishment and
outgrowth of 2 putative subclones of different subtypes.

Discussion
There are currently multiple different treatment paradigms, all supported by randomized controlled trials,
which are deemed acceptable as standard of care treatment for locally advanced GE junction and gastric
cancers3-9.   For GE junction cancers, the CROSS study established neoadjuvant chemoradiation with
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concurrent carboplatin/paclitaxel as one acceptable standard of care for treatment of locally advanced
distal esophageal and GEJ cancers, yielding improved OS compared to surgery alone9.   Perioperative
chemotherapy alone is another acceptable treatment for GE junction and gastric cancers, having
demonstrated improved outcomes compared to surgery alone5.  More recently, the FLOT-4 study
established the superiority of perioperative FLOT (5-FU, docetaxel, and oxaliplatin) to perioperative ECF
(epirubicin, cisplatin, and 5-FU)4.  However, perioperative approaches are plagued by low rates of receipt
of post-operative therapy, potentially limiting e�cacy3-6.  Despite these promising advancements in the
treatment of gastric and GEA cancers, the 5-year OS is still only in the range of 40-50%3-6,9.  The majority
of patients with recurrence will subsequently die of metastatic disease, suggesting a need for systemic
intensi�cation to reduce recurrence rates and to prolong survival3,5,30.  

To address current unmet needs, we performed a pilot study of neoadjuvant FOLFIRINOX followed by
consolidative chemoradiation with carboplatin/paclitaxel.  We determined that completion of this total
neoadjuvant regimen was feasible, with an 88% therapy completion rate, successfully meeting our
primary endpoint.  Although we noted a grade 4 toxicity rate of 80%, the majority of grade 4 toxicity was
attributable to subclinical lymphopenia (76%) during induction FOLFIRINOX without clinical implications.
 The remaining grade 4 toxicity was attributable to only 2 patients (8%) with grade 4 febrile neutropenia.
 Overall, the toxicity pro�le is consistent with that reported in the literature for the various treatment
components31.  While FOLFIRINOX has been shown to be one of most effective regimens in the treatment
of pancreatic cancer13,14, there has been little published data regarding its e�cacy for gastroesophageal
and gastric cancers.  In 2017, a pooled analysis of two ongoing Phase II trials of FOLFIRINOX in the �rst
line metastatic setting for GE junction cancers demonstrated an overall response rate of 62.5%15.  More
recently, in a phase II trial from Washington University (NCT 01928290), among ERBB2-negative patients
treated with FOLFIRINOX alone, the ORR was 61%, with a median overall survival of 15.5 months. Among
ERBB2-positive patients treated with FOLFIRINOX and trastuzumab, the ORR was 85%, with a median OS
19.6 months,16 which offers promising results compared to historical controls24.  Additionally, a multi-
institutional phase II trial of 36 patients with locally advanced adenocarcinoma evaluated
pharmacogenomically dosed perioperative FOLFIRINOX and reported R0 resection rate of 92% and a pCR
rate of 23%17.   These studies support the safety and early clinical activity of FOLFIRINOX in
gastroesophageal adenocarcinomas.   To obviate concerns about tolerability and compliance with
adjuvant therapy, we opted to pursue a total neoadjuvant approach.    Our study mimics the movement in
currently ongoing randomized trials in this space, including the CRITICS-II10 and TOPGEAR11 studies,
which frontload chemotherapy and chemoradiation prior to surgical resection.  

                Moreover, in our small series, the pCR rates (28% in the ITT group and 35% in the resected group)
compare favorably to those achieved with other currently accepted neoadjuvant strategies. In the FLOT 4
study, which evaluated the e�cacy of perioperative 5-FU, oxaliplatin and docetaxel, the rate of pCR
reported after 4 cycles of neoadjuvant FLOT was 16%4.  More recently, perioperative FOLFIRINOX yielded
a pCR rate of 23%17. As shown in the POET study, the addition of neoadjuvant chemoradiation compared
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to neoadjuvant chemotherapy alone improves rates of pCR33.   Therefore, it is perhaps not surprising that
among studies which include neoadjuvant radiation, the pCR rate was 23%9 in the CROSS trial and 26%
for RTOG 990434, respectively.   Numerous studies have suggested a correlation between pCR and
histologic treatment response and long-term disease outcomes34,35.  In addition to pCR, nodal clearance
has also been suggested to be prognostic in the setting of perioperative therapy36.  In our current study,
although 80% of patients at baseline had clinically involved lymph nodes, only 30% were found with
pathologically involved lymph nodes, suggesting the impact of treatment on nodal clearance.
 Additionally, all patients achieved an R0 resection (100%), which compare s favorably to R0 resection
rates seen with perioperative FLOT or ECX (R0 rates of 85% vs 74%, respectively)4.    Longer term follow-
up of the patients enrolled in this current study will be necessary to determine the impact of dose
intensi�cation of FOLFIRINOX on long-term distant disease control.  

Although our current study had limited events, ctDNA appears as a promising predictor of disease
recurrence.  Despite the small number of patients and events, we found that detectable ctDNA after
chemoradiation (p=0.004) and postoperatively (p=0.045) were associated with disease recurrence.
 Analysis of ctDNA after completion of de�nitive therapy has been shown to be promising in detection of
minimal residual disease in several disease sites to date37-42.  Recent retrospective data from MDACC
has emerged that suggest that post-chemoradiation ctDNA may identify patients with localized
esophageal cancers at increased risk of recurrence and death and may potentially help in the
determination of which patients are most likely to bene�t from surgery.  Our study, however, represents to
our knowledge the �rst prospective series to demonstrate the prognostic value of ctDNA in patients with
locally advanced esophagogastric cancer treated with total neoadjuvant therapy. 

Limited molecular data are available to assess molecular factors that contribute to tumor evolution and
subclonal selection during CRT for gastric and GEA tumors29. While analysis of large tumor bank
sequencing data for untreated GEA and gastric tumors has revealed the presence of diverse tumor
subtypes within a given anatomic location43, it is unclear how these subtypes or their molecular
hallmarks might contribute to treatment resistance or to the evolution of tumors over the course of
treatment. Our exploratory molecular analysis of pre- and post-treatment tumor samples indicates
numerous putative or potential models of tumor evolution and suggests heterogeneous responses of
subclonal populations to neoadjuvant CRT. These models are suggested by our data, but limitations of
our technique prevent conclusive establishment of tumor evolution patterns in this study. Our analysis is
limited by reduced sensitivity due to variable sample purity and the acquisition of only a single analyzed
sample for each time point, and underlying tumor heterogeneity cannot be excluded. However, our data
provides support warranting future single-cell and spatial transcriptomic analyses from pre- and post-
treatment samples to characterize patterns of treatment adaptation and resistance to inform
individualized therapeutic approaches. 

               Lastly, given the emerging awareness of the importance of the tumor immune microenvironment,
we performed an exploratory analysis looking to pro�le and compare pre-treatment baseline and post-
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treatment tumor immune microenvironments by examining PD-L1, PD-1, CD8, CD8 TIL, CD3 and FOXP3
expression.  In our very limited series of paired specimens, we did not �nd any particular trends in tumor
in�ltration of immune cells, with some patients demonstrating similar (n=2), increased (n=1), and
decreased (n=1) extent of tumor in�ltrates.  Future, larger patient cohorts will hopefully further elucidate
and explore the prognostic implications of the tumor immune microenvironment with potential
therapeutic implications. 

In conclusion, in this prospective single-institution pilot study, neoadjuvant FOLFIRINOX followed by CRT
is feasible and safe, and encouraging preliminary antitumor activity is highlighted by the high pCR rate
and nodal clearance at surgery.  A follow up study is currently planned.  Lastly, although our current study
is limited by events, post-CRT and postoperative ctDNA appears to be a promising biomarker to predict
disease recurrence.  Future studies investigating the role of ctDNA and the potential for tumor immune
biomarkers in the management of gastric and GEA cancers are warranted to corroborate our �ndings.
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Characteristics Number (%)

Age, median (range) 60 (30-76)
Gender  
       Male 17 (68%)
       Female 8 (32%)
ECOG PS   
0 16 (64%)
1 9 (36%)
Primary Tumor Location  
       GE Junction 15 (60%)
       Gastric 10 (40%)
           Cardia 1 
           Fundus 1
           Body 3
           Antrum 4
           Diffuse 1
Clinical TN Stage  
        T3N0 3 (12%)
        T4N0 2 (8%)
        T1-4,N1-3 20 (80%)
Nodal M1 Disease 7 (28%)
Baseline CEA, median (range) 2.6 (0.4-251.7)
Baseline CA 19-9, median (range) 16 (<1-8004)
Histologic Subtype  
        Diffuse  1 (4%)
        Signet Ring 5 (20%)

 Adenocarcinoma, NOS 19 (76%)
Her2 Status  
        Positive 3 (12%)
        Negative 17 (68%)
        Not Available/Equivocal 5 (20%)

 
 
Table 2.  Surgical Outcomes (n=20 resected).
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Characteristics Number (%)
Surgery type  
Thoracoabdominal esophagectomy 5 (25)
Minimally invasive esophagectomy 4 (20)
Ivor-Lewis esophagectomy 5 (25)
Total gastrectomy 2 (10)
Distal gastrectomy 4 (20)
Margin status  
        R0 20 (100)
        R1 0 (0)
Pathologic tumor size (cm), median (range) 0.25 (0.0-7.7)
Pathologic tumor size (cm) excluding pCR, median (range) 2.3 (<0.1-7.7)
Pathologic stage  
        T0N0 (resected) 7 (35)
        T1N0 3 (15)
        T2N0 3 (15)
        T3N0 1 (5)
        T1-3,N1-3 6 (30)
Lymph nodes involved, median (range) 0 (0-7)
Lymph nodes dissected, median (range) 22 (11-43)
Number of lymph nodes dissected  
        <15 5 (25)
        ≥15 15 (75)

Table 3.  Acute toxicity related to chemotherapy and chemoradiation.
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CTCAE 4.0 category Grade 3 Grade 4 Grade 3-5
Lymphopenia/Leukopenia/Neutropenia 2              19              21
Febrile neutropenia 0 2 2
Thrombocytopenia 4 0 4
Anemia 3 0 3
Hypokalemia/Hyponatremia 5 0 5
Dehydration 3 0 3
Weight loss 3 0 3
Anorexia 2 0 2
Nausea/Vomiting 4 0 4
Diarrhea 4 0 4
Dysphagia 1 0 1
Mucositis oral 1 0 1
Gastritis 1 0 1
Myochosis 1 0 1
Infection 2 0 2
Hypotension 2 0 2
Fatigue 1 0 1
ALT elevated 1 0 1
Acute kidney injury 1 0 1
Atrial fibrillation 1 0 1
Aspiration 1 0 1
Worst grade overall                   4

(16%)
                20
(80%)

                24
(96%)

  
Table 4.  Correlation of ctDNA to pCR and disease recurrence. 

Timepoint Undetectable ctDNA Detectable ctDNA P-value

  pCR rate  
C1D1 50% (2/4) 29% (5/17) 0.574
C1D8 50% (6/12) 11% (1/9) 0.159
Post-CRT* 46% (6/13) 25% (1/4) 0.596
  Recurrence (crude rate ) of resected patients **
Post-CRT*   8% (1/12) 75% (3/4) 0.004
Post-Operative 0% (0/9) 40% (2/5) 0.045

*One patient completed chemoradiation but was not resected due to intraoperative metastases.
**P-value based on cumulative incidence of distant metastases. 
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Abbreviations: ctDNA: circulating tumor DNA; pCR: pathologic complete response; C1D1: cycle
1 day 1; CRT: chemoradiation
 

Figures

Figure 1

CONSORT Diagram.
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Figure 2

Kaplan-Meier curves for (a) PFS and (b) OS
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Figure 3

Time of ctDNA for all evaluable patients (n=21) correlated to treatment and disease status.
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Figure 4

Treatment-induced tumor evolution
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