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Abstract: With the advances in chemotherapy and immunotherapy, a small subset of patients may
be eligible for conversion surgery after achieving tumor regression with chemotherapy. This is
a retrospective cohort study of 118 patients with stage IV gastric cancer who received palliative
chemotherapy and conversion surgery with a negative resection margin at Samsung Medical Center.
Baseline features included comorbidities, body mass index (BMI), carcinoembryonic antigen (CEA)
level, primary tumor size, biopsy histology, distant metastatic sites, and molecular markers—HER?2,
MSI/MMR, PD-L1, and EBV. Post-chemotherapy features included BMI, CEA level, chemotherapy
regimen, objective response to chemotherapy, and number of preoperative chemotherapy cycles.
Post-operational features included tumor size, histologic differentiation and Lauren’s classification,
pathologic tumor and nodal stages, invasion of lymphatics/vessels/nerves, peritoneal cytology, and
the receipt of postoperative chemotherapy. Of 118 patients, 60 patients received total gastrectomy and
58 patients received subtotal gastrectomy. In all, 21 patients achieved a pathologic complete response,
and 97 patients achieved downstaging to yp stage I, II, or III. Before conversion surgery, patients re-
ceived first-line capecitabine/oxaliplatin (62%), HER2 inhibitors combined with chemotherapy (18%),
immune checkpoint inhibitors (15%), and inhibitors of MET or VEGFR?2 (5%). In the multivariable
analysis, BMI at the time of diagnosis, either HER2 positive, high MSI, or deficient MMR, and the
use of targeted agents were significant prognostic factors. Conversion surgery could be considered
in patients with stage IV gastric cancer regardless of the initial disease burden. BMI and molecular
markers are important prognostic factors that can be used to select candidates.

Keywords: stomach neoplasms; gastrectomy; neoadjuvant therapy; molecular targeted therapy

1. Introduction

The prognosis of stage IV gastric cancer patients is still poor; median overall survival
(OS) remains a little bit longer than one year, notwithstanding the addition of targeted
agents to cytotoxic chemotherapy [1,2]. A wealth of studies suggest that the curative gas-
trectomy could improve clinical outcomes in these patients, including those with positive
peritoneal cytology, peritoneal metastasis, extensive lymph node metastasis, or liver metas-
tasis [3-11]. Although a phase 3 randomized controlled trial (REGATTA) demonstrated
no survival benefit of gastrectomy followed by chemotherapy over chemotherapy alone
in gastric cancer patients with a single non-curable factor (either liver, peritoneum, or
para-aortic lymph nodes) [12], its study design is different from the majority of the afore-
mentioned studies, which investigated the efficacy of gastrectomy following preoperative
chemotherapy [5-7,9-11]. So-called “conversion surgery” benefits from higher R0 resection
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and pathological response rates, as well as the clearance of free cancer cells in the peritoneal
cavity. Indeed, retrospective analyses, including a meta-analysis and nationwide analysis,
demonstrated the survival benefit of conversion surgery compared to primary gastrectomy,
plus postoperative chemotherapy or chemotherapy alone [13-15]. In addition, a prospec-
tive phase 2 trial (AIO-FLOT3) had a median OS of 22.9 months for patients with limited
metastatic gastric cancer treated via conversion surgery [16]. More recently, a retrospective
Asian cohort study (CONVO-GC-1) reported median OS of 36.7 months for 1206 stage
IV gastric cancer patients who received conversion surgery [17]. Furthermore, a phase
3 trial (RENAISSANCE/AIO-FLOTS5) of conversion surgery is ongoing for patients with
retroperitoneal lymph node metastases with or without a single incurable organ site [18].

Given the importance of the proper selection of candidates for conversion surgery
aimed at curative RO resection, recent studies on conversion surgery focused on factors
associated with survival [14,15,17,19-25]. Multivariable analyses identified several prog-
nostic factors that can be divided by their timing of clinical acquisition [19,20,22-24]. Firstly,
Eastern Cooperative Oncology Group (ECOG) performance status, ascites, and the number
of incurable factors were identified before the initiation of chemotherapy. Secondly, the
number of cycles of first-line chemotherapy, response to chemotherapy, and the change
in carcinoembryonic antigen (CEA) levels were measured prior to surgery. Lastly, the
gastrectomy type (partial vs. total), achievement of RO resection, and receipt of adjuvant
chemotherapy were confirmed after surgery. Based on this temporal classification, which is
important regarding the choice of treatment strategy, in this study, we aimed to identify
prognostic factors in stage IV gastric cancer patients treated with RO conversion surgery.
We limited our analysis to RO-resected patients due to the significant impact on survival—
the median OS for 839 patients of RO resection was 56.6 months in the CONVO-GC-1
study [17]—and variability between hospitals.

2. Materials and Methods

Between January 2016 and October 2022, 3200 patients received palliative chemother-
apy for metastatic gastric cancer at Samsung Medical Center. If a patient’s disease seemed to
be controlled according to the computed tomography (CT) images checked after chemother-
apy, and the patient’s general condition (including performance status and comorbidity)
was thought to be good enough for the operation, a physician would recommend a consul-
tation for conversion surgery if the patient agreed. Of 187 patients consulted for potential
conversion surgery, 125 patients underwent surgery with curative intent and 118 patients
achieved RO resection (Figure 1). The inclusion criteria were as follows: (1) histologically
confirmed primary gastric cancer, (2) clinical diagnosis of stage IV disease according to the
AJCC 7th or 8th staging system, (3) patients who underwent systemic chemotherapy prior
to surgery, (4) patients who underwent subsequent gastrectomy with curative intent plus
metastasectomy if needed, and (5) the provision of written informed consent. The exclusion
criteria were as follows: (1) presence of carcinoma at the resection margin; (2) patients who
underwent emergent and/or palliative gastrectomy due to obstruction, bleeding, or perfo-
ration; (3) patients who could not discharge after surgery and died due to postoperative
complications; (4) incomplete clinical data obtained from the hospital in which previous
treatment was carried out; and (5) unavailable treatment data due to a blinded clinical
trial. RO resection was performed in following circumstances: (1) patients whose metastasis
showed complete response in imaging, (2) no gross peritoneal seeding was identified by
laparoscopic examination, (3) frozen biopsy revealed complete regression in metastasis,
and (4) metastasectomy was performed.
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3200 patients received palliative chemotherapy

Medical oncologists’ recommendation based on disease control status

187 patients consulted for conversion surgery

Foregut surgeons’ decision based on complete resectability

125 patients underwent surgery with curative intent

Pathological confirmation of|cancer free resection margin

118 patients received RO resection

Figure 1. Patient selection flow chart.

Primary tumor size was measured in initial CT and esophagogastroduodenoscopy
(EGD), and its histological classification and differentiation were diagnosed using EGD
biopsy. Distant metastatic sites were identified from initial abdomen and pelvis CT with
or without chest CT. HER2 positivity was defined as either immunohistochemistry (IHC)
3+ or 2+ with fluorescence in situ hybridization HER2:CEP17 ratio >2. HER2 IHC was
performed with monoclonal rabbit PATHWAY anti-HER2/neu (Ventana). PD-L1 IHC was
performed using monoclonal mouse anti-PD-L1, clone 22C3 (Agilent Technologies, Santa
Clara, CA, USA) using DAB IHC Detection kit on BenchMark Ultra (Ventana). PD-L1
combined positive score (CPS) was calculated by summing the number of PD-L1-stained
cells (tumor cells, lymphocytes, and macrophages) and dividing by the total number of
viable tumor cells, then multiplying by 100. EBV status was determined by EBV-encoded
small RNA in situ hybridization. Microsatellite instability (MSI) status was identified
from TruSight Oncology 500 assay (Illumina, San Diego, CA, USA) or polymerase chain
reaction of five quasimonomorphic mononucleotide-repeat markers (BAT25, BAT26, NR21,
NR24, and NR27) analyzed on the 3130xL Genetic Analyser (Applied Biosystems, Waltham,
MA, USA). DNA mismatch repair (MMR) status was identified from IHC performed
with anti-MLH1, clone ES05 (Leica Biosystems, Wetzlar, Germany). Surgical pathologic
reports included tumor size, histologic differentiation, Lauren’s classification, and ypTN
stage, and the presence of the invasion of lymphatics/vessels/nerves was reported using
surgical specimens. Peritoneal cytology was identified from washing fluid obtained during
surgery. The latest values of CEA level and body mass index (BMI) were obtained before
chemotherapy and conversion surgery, respectively. The last chemotherapeutic regimen,
the best response to the corresponding regimen, and comorbidities diagnosed before
surgery were collected from electronic medical records. Treatment response was evaluated
according to RECIST 1.1.

OS and recurrence-free survival (RFS) were defined as the period from the date of
diagnosis to the date of death and recurrence, respectively. Kaplan-Meier curves with
log-rank test were drawn using the “survival” and “ggplot2” R libraries to compare OS
and RFS between subgroups. Patients who did not experience the event of interest were
censored at the date of last follow-up. The “survivalAnalysis” R library was used to fit Cox
proportional hazards regression models and draw forest plots. The “rms” R library was
used to fit a logistic regression model and draw a nomogram. All statistical analyses were
conducted using R version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
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3. Results
3.1. Cohort Description

The clinicopathological characteristics of 118 stage IV GC patients, who received
gastrectomy and were confirmed for a resection margin free from carcinoma, are described
in Table 1 and Supplementary Table S1. Median age was 56.5 years (range: 32-82) and
proportion of male patients was 75%. Median tumor size was 6-7 cm (range: 1.5-15.0)
measured at initial EGD or CT, and 3.6 cm (range: 0-18) in the specimen acquired from
conversion surgery. The median levels of carcinoembryonic antigen (CEA) were 1.6 ng/mL
(range, 0.2-1000) before chemotherapy and 2.0 ng/mL (range: 0.4-64.9) before surgery.
HER?2 status was positive in 22% of patients, and EBV status was positive in 6%. Of 118
patients, PD-L1 CPS was tested in 44 patients and positive in 35 patients. MSI and/or
MMR status was tested in 78 patients and six patients demonstrated high MSI (MSI-H) or
deficient MMR (dMMR). Median OS and RFS were 2396 days (range: 305-2907) and 1274
days (range: 141-2907), respectively. OS rates for 1-, 3-, and 5-year survival were 98.3%,
71.1%, and 54.9%. RFS rates for 1-, 3-, and 5-year survival were 83%, 54.8%, and 43.9%.

Table 1. Clinicopathological characteristics of the enrolled patients.

Characteristics Number of Patients
Total 118
Age, median, years (range) 56.5 (32-82)
Sex (%)
Male 88 (74.6)
Female 30 (25.4)
Comorbidities (%)
Hypertension 29 (24.6)
Diabetes mellitus 23 (19.5)
Ischemic heart disease 5(4.2)
Other 15 (12.7)
Body mass index, median (range)
Before chemotherapy 23.0 (16.0-34.6)
Before surgery 24.0 (15.5-36.0)
Tumor size, median, cm (range)
Initial (CT) 7.0 (1.5-15.0)
Initial (EGD) 6.0 (1.5-15.0)
Surgical specimen 3.6 (0-18)
Metastasis (%)
Peritoneum 63 (53.4)
Liver 19 (16.1)
Distant lymph node 36 (30.5)
Multiple 21 (17.8)
Chemotherapy regimen (%)
Cytotoxic agents only 73 (61.9)
HER? inhibitor &+ Cytotoxic agents 21 (17.8)
ICI &+ HER? inhibitor + Cytotoxic agents 18 (15.3)
MET/VEGEFR?2 inhibitor + Cytotoxic agents 6(5.1)
Pathologic stage (%)
ypTONO 2117.8)
ypTON1 2(1.7)
ypTON2 1(0.8)
ypT1NO 13 (11)
ypT1N1 2(1.7)
ypTIN2 2 (1.7)
ypT2NO 7 (5.9)
ypT2N1 5(4.2)
ypT2N3 1(0.8)
ypT3NO 12 (10.2)
ypT3N1 6(5.1)
ypT3N2 9 (7.6)
ypT3N3 8(6.8)
ypT4NO 5(4.2)
ypT4N1 4(3.4)
ypT4N2 5(4.2)
ypT4N3 15 (12.7)

CT, computed tomography; EGD, esophagogastroduodenoscopy; ICI, immune checkpoint inhibitor; ypTN,
pathologic tumor and nodal classifications after preoperative therapy.
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Before conversion surgery, patients received cytotoxic agents alone (mostly XELOX or
FOLFOX) in 62%, capecitabine/cisplatin or XELOX + HER?2 inhibitors in 18%, ICIs with or
without XELOX in 15%, and inhibitors of MET or VEGRF2 in 5% (detailed information on
regimens available in Table S2). While 105 (89.0%) patients were candidates for conversion
surgery after first-line cytotoxic chemotherapy with or without ICIs and /or HER2 inhibitors,
the other 13 (11.0%) patients achieved adequate tumor regression in further lines of therapy,
and 9 of them were assigned by specific biomarkers—2 with HER2+, 1 with MSI-H, 1 with
dMMR, 1 with EBV+/PD-L1+, and 4 with MET amplifications. The best objective response
to chemotherapy was radiologic complete response in 4%, partial response in 71%, and
stable disease in 25% of patients. The depth of invasion identified in surgical specimens
was ypTO0 in 20%, ypT1 in 14%, ypT2 in 11%, ypT3 in 30%, and ypT4 in 25% of patients.
The extent of metastasis to lymph nodes was ypNO in 49%, ypN1 in 16%, ypN2 in 14%, and
ypN3 in 20% of patients. At the study cutoff date (29 December 2022), 54 patients relapsed,
and 42 patients died. Frequent locations of recurrences were the peritoneum, distant lymph
nodes, retroperitoneal organs, and gastrectomy sites (Table S3).

3.2. Univariable Analysis

Next, we tested associations of baseline factors with OS and RFS. BMI within normal
limits (18.5-23.0) before chemotherapy was associated with significantly (p = 0.012) longer
OS and numerically longer RFS (Figure 2a,b), while normal BMI before surgery (p = 0.088)
showed a similar trend but did not reach significance for OS (Figure Sla). Intriguingly,
initial BMI was a significant prognostic factor in HER2- tumors (p = 0.0011) but was not
in HER2+ tumors (p = 0.89) (Figure S2). The presence of comorbidities was not associated
with survival, nor was ECOG performance status (Figure S1b,c). Interestingly, the presence
of either HER2+, MSI-H, or dMMR was significantly associated with longer OS (p = 0.0097)
and RFS (p = 0.017) (Figure 2¢,d). EBV+ or PD-L1+ patients showed a trend of favorable
prognosis, but the association was not significant (Figure S1d,e). Tumor size measured in CT
(p = 0.0441) was significantly associated with prognosis, while tumor size measured in EGD
(p = 0.0666) demonstrated a greater hazard ratio but did not achieve significance (Table 2).
In addition, the pathology of EGD biopsy (p = 0.11) was not significantly associated with
prognosis, though poorly differentiated adenocarcinoma or signet ring cell carcinoma
showed a trend of poor survival (Figure S1f). Furthermore, a metastatic pattern was not
associated with prognosis, but patients with multiple metastases had a higher 5-year OS
rate (79%) than others (49%) (Figure S3).

Table 2. Univariable Cox proportional hazards regression analysis of overall survival.

Features Nufnber of HR 95% CI p-Value
Patients

Tumor size (cm)

Initial (CT) 117 1.11 1.00-1.22 0.0441

Initial (EGD) 90 1.12 0.99-1.26 0.0666

Surgical specimen 118 1.16 1.09-1.23 <0.0001
CEA (ng/mL)

Before chemotherapy 105 1.00 0.99-1.00 0.3389
Before surgery 107 1.05 1.01-1.09 0.0191
ypT stage 118 1.92 1.43-2.58 <0.0001
ypN stage 118 1.88 1.45-2.43 <0.0001

HR, hazard ratio; CI, confidence interval; CT, computed tomography; EGD, esophagogastroduodenoscopy; CEA,
carcinoembryonic antigen; ypTN, pathologic tumor and nodal classifications after preoperative therapy.
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Figure 2. Kaplan—-Meier estimates of overall survival (OS) and recurrence-free survival (RFS) ac-
cording to baseline features. (a,b) BMI before chemotherapy is (1) or is not (0) within normal limits
(greater than 18.5, less than 23.0). (c,d) Presence (1) or absence (0) of either HER2+, MSI-H, or dAMMR.

Then, we checked associations between post-chemotherapy factors with OS and RFS.
The chemotherapy regimen before surgery was significantly (p = 0.0041) associated with
OS and a similar trend was seen for RFS—cytotoxic agents alone with poor prognosis
(Figure 3a,b). Patients who exhibited objective responses (complete or partial response) to
chemotherapy before surgery lived significantly longer (p = 0.026 for OS and p = 0.0098
for RFS) (Figure 3c,d). In total, 24 out of 26 patients with HER2+ tumors and 18 out of 18
patients treated with ICIs showed objective responses to chemotherapy. Moreover, CEA
level before surgery (p = 0.0191) was significantly associated with survival, while CEA
level before chemotherapy (p = 0.3389) was not significant (Table 2). In patients with HER2-
tumors, preoperative CEA level (p = 0.0351) was still a significant prognostic factor, but
response to chemotherapy (p = 0.12) was not a significant prognostic factor. Moreover, the
number of pre-operative chemotherapy cycles (3—4 vs. 5 or greater) was not associated
with prognosis, nor was the receipt of postoperative chemotherapy (Figure 54).
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Figure 3. Kaplan-Meier estimates of overall survival (OS) and recurrence-free survival (RFS) accord-
ing to post chemotherapy features. (a,b) The last chemotherapy regimen before surgery is classified
into cytotoxic agents only (cytotoxic), HER2 inhibitors with or without cytotoxic agents (HER?2i),
including an immune checkpoint inhibitor (ICI), or including an inhibitor of MET. (¢,d) Achievement

of objective response to the last chemotherapy regimen.

We also examined associations between surgical findings and OS/RFS. Patients who
received partial gastrectomy survived longer than patients who received total gastrectomy
(p = 0.013) (Figure S5a). Pathologic tumor (ypT) and nodal (ypN) stages were significantly
associated with prognosis (p < 0.0001) (Table 2). Additionally, histological differentiation
(p = 0.0085), the presence of lymphatic invasion (p < 0.0001), venous invasion (p = 0.028),
and perineural invasion (p < 0.0001) were significantly associated with poor prognosis
(Figure S5b—e). Patients with pathologic complete response (ypTONO) showed a favorable
trend of OS and significantly longer RFS (p = 0.0019) (Figure 4a,b). Lauren’s classification
was significantly associated with both OS (p = 0.0003) and RFS (p = 0.0004)—diffuse and
mixed types with poor prognosis (Figure 4c,d). Positive peritoneal cytology from peritoneal
washing during surgery (p = 0.0001) was also significantly associated with poor prognosis
(Figure 4e,f).
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Figure 4. Kaplan-Meier estimates of overall survival (OS) and recurrence-free survival (RFS) accord-
ing to post operative features. (a,b) Confirmation of pathologic complete response (CR). (c¢,d) Lauren’s
classification comparing diffuse vs. mixed vs. intestinal types. (e,f) Positivity of cytology from peri-
toneal washing fluid obtained during surgery.

3.3. Multivariable Analysis

Finally, we performed multivariable analyses for OS using significant variables identi-
fied at each clinical stage. Among factors identified at diagnosis, normal BMI (p = 0.034) and
either HER2+, MSI-H, or dAMMR (p = 0.016) were significantly associated with favorable
prognosis (Figure 5a). Among factors identified prior to surgery, excluding either HER2+,
MSI-H, or dMMR due to its significant correlation with the receipt of targeted therapy
(Pearson’s Chi-squared test, p < 0.0001), normal BMI (p = 0.004) and receipt of targeted
therapy (p = 0.003) were significantly associated with favorable prognosis (Figure 5b).
For this analysis, we included both CEA level before surgery and objective response to
chemotherapy because they were not significantly correlated (Figure S6). Among the
factors identified pre- and post-operation—excluding histologic differentiation due to its
significant correlation with Lauren’s classification (Pearson’s Chi-squared test, p < 0.0001),
method of surgery (Pearson’s Chi-squared test, p = 0.0132), tumor size from surgical spec-
imen (analysis of variance, p < 0.0001) due to its significant correlation with ypT stage,
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and lymphatic/venous/perineural invasion due to its significant correlation with ypN
stage (Table S4)—normal BMI (p = 0.002), receipt of targeted therapy (p = 0.010), ypT stage
(p = 0.021), and positive peritoneal cytology (p = 0.001) were significantly associated with
survival (Figure 5c). In addition, we constructed a nomogram for the prediction of death
using preoperative factors, in order to help the selection of candidates for conversion
surgery (Figure 6).

a Multivariable analysis of selected baseline features with overall survival (OS)
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Figure 5. Multivariable Cox proportional hazards regression analysis for overall survival. HR, hazard
ratio; CI, confidence interval. (a) Variables include whether BMI before chemotherapy is normal
(greater than 18.5; less than 23.0), initial tumor size measured by CT (as a continuous variable),
either HER2+, MSI-H, or AMMR, and presence of multiple metastases. (b) Variables include whether
BMI before chemotherapy is normal, CEA level measured before surgery (as a continuous variable),
achievement of objective response to the last chemotherapy regimen before surgery, and whether
the chemotherapy regimen includes a targeted agent. (c) Variables include whether BMI before
chemotherapy is normal, whether the chemotherapy regimen includes a targeted agent, pathologic
tumor (ypT) and nodal (ypN) stages (as continuous variables), Lauren’s classification (intestinal vs.
diffuse/mixed), and positivity of peritoneal cytology.
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Figure 6. Nomogram of a logistic regression model for the prediction of death. Variables include
whether BMI before chemotherapy is normal, whether the preoperative chemotherapy regimen
includes a targeted agent, and the CEA level (ng/mL) measured before surgery.

4. Discussion

In this study, among 118 patients who received conversion surgery, 21 patients
achieved pathologic complete remission (pCR) and 97 patients achieved dramatic down
staging from stage IV to stages I, I, or III. The likelihood of achieving pCR was significantly
higher in patients who received targeted agents or ICIs for specific biomarkers (Pearson’s
Chi-squared test, p = 0.0030). Especially, pCR was frequently demonstrated in 7 out of 23
HER?2 + patients who received HER2-targeted agents and two out of three MSI-H patients
who received immunotherapy. Surprisingly, all of the patients treated with preoperative
ICIs in our cohort survived during the follow up period (median: 970 days) (Figure 3a). A
case presentation is shown in Figure 7. The patient was diagnosed with stage IV gastric
cancer with direct invasion to liver (Figure 7a,b) and received capecitabine + oxaliplatin +
pembrolizumab. After 11 cycles, PET-CT demonstrated a dramatic shrinkage in the tumor
(Figure 7c), and the patient received subtotal gastrectomy. The tumor specimen showed
pathologic complete remission (Figure 7d). This is in agreement with results from the
KEYNOTE trials, which demonstrate survival benefit of pembrolizumab in MSI-H patients
regardless of the number of previous chemotherapy regimens [26]. An interim analysis of
the phase 3 MATTERHORN trial (NCT04592913) also showed a significant improvement
of pCR in patients with stage II-IVA gastric cancer treated with neoadjuvant durvalumab
plus chemotherapy [27]. Moreover, the addition of pembrolizumab to trastuzumab plus
cytotoxic chemotherapy significantly increased the objective response rate (ORR) from 52%
to 74% in HER2+ patients [28]. Furthermore, trastuzumab deruxtecan—an antibody—-drug
conjugate consisting of an anti-HER?2 antibody, a cleavable linker, and a cytotoxic topoi-
somerase I inhibitor—significantly improved ORR from 14% to 51% in previously treated
HER2+ patients [29]. Overall, conversion surgery should be positively considered as a
treatment option in the era of targeted therapies, with increasing response rates.
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Figure 7. Case presentation of a pathologic complete remission. (a) Images from gastroscopy at diag-
nosis. (b) PET-CT image at diagnosis. (c) PET-CT image after 11 cycles of chemotherapy (capecitabine
+ oxaliplatin + pembrolizumab). (d) Surgical specimen from gastrectomy after chemotherapy.

In this cohort, among the factors obtained at diagnosis, normal BMI (p = 0.034) and
either HER2+, MSI-H, or dMMR (p = 0.016) were significantly associated with a favorable
prognosis in multivariable analysis. In contrast, a metastatic pattern was not significantly
associated with prognosis, nor were comorbidities. This is in agreement with results
from previous studies that demonstrate no survival difference between initial metastatic
sites [15,21,22]. Favorable long-term survival in patients with multiple metastases in our
results is unreasonable, and this may be because patients with multiple metastases who
received conversion surgery were highly responsive to chemotherapy; only patients whose
multiple metastatic tumors regressed very well after chemotherapy could be selected for
surgery, and thus their great chemosensitivity might have led to favorable long-term sur-
vival. Accordingly, patients with initially unresectable metastases showed longer survival
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than patients with technically resectable metastasis when an RO resection was achieved
in the CONVO-GC-1 study [17]. Taken together, conversion surgery could be beneficial
regardless of disease burden at diagnosis, including tumor size, biopsy histology, metastatic
pattern, and CEA level, but BMI and molecular markers of targeted therapies are critical
for selecting patients for conversion surgery.

Normal BMI at diagnosis as well as the receipt of targeted therapy were significant
prognostic factors in the multivariable analysis, which included factors identified after
chemotherapy. CEA level before surgery and objective response to chemotherapy were
significantly associated with survival in the univariable analysis, but they lost significance in
the multivariable analysis. However, the significance of CEA level (p = 0.055) was very close
to the threshold, and it may have been attenuated by its correlation with targeted therapy—
patients who received targeted therapies showed a trend of lower CEA levels (Figure S7). In
line with this, the change in CEA level was significantly and independently associated with
prognosis in a previous study of conversion surgery [20]. The chemotherapy response of
metastatic sites was also an independent prognostic factor in the same study, but it was not
separately evaluated in our study. Five or more cycles of preoperative chemotherapy did
not extend survival compared to three or four cycles, supporting the idea that the four cycles
of chemotherapy in AIO-FLOT trials would be enough for conversion to surgery [16,18].

In the multivariable analysis of significant prognostic factors identified before and
after conversion surgery, normal BM], targeted therapy, ypT stage, and peritoneal cytology
retained their significance. Tumor size in the surgical specimen was a prognostic factor
with a greater hazard ratio than initial tumor size (Table 2), implying that disease burden
after chemotherapy is more significant than the initial disease burden. Although ypT and
ypN stages were significantly associated with each other (Spearman rank correlation test,
R =0.59, p <0.001), we included both factors in the multivariable analysis due to their
clinical significance. The greater importance of the ypT stage is also noted in its greater
hazard ratio, even though it is more divided into five stages than the ypN stage which is
divided into four. A favorable prognostic association of partial (versus total) gastrectomy
is consistent with a previous study [23], although it was excluded from our multivariable
analysis due to a significant correlation with the ypT stage.

Our study has strengths due to its wealth of results from molecular biomarkers—such
as HER2, MSI, MMR, and PD-L1—and the substantial number of patients who were treated
with targeted agents. Yet, some limitations of our study have to be considered. It is a
retrospective study conducted in a single institution, and a limited number of patients
with specific features might hinder the identification of significant prognostic factors—for
example, only seven patients were EBV-positive, nine patients were PD-L1-negative, 17
patients did not receive postoperative chemotherapy, and 19 patients had liver metastasis.
In a previous study with a more balanced number of patients treated with (N = 80) or
without (N = 42) postoperative chemotherapy, it was an independent prognostic factor [22].

5. Conclusions

In conclusion, BMI at diagnosis and use of targeted agents or ICIs for specific biomark-
ers are important prognostic factors for successful conversion surgery. With the introduction
of biomarker-specific targeted agents such as MET inhibitor, HER2 inhibitor, Trastuzumab
deruxtecan and ICIs for MSI-H, it is reasonable to foresee that the proportion of patients
who will benefit from conversion surgery will increase in the near future. In addition, with
powerful biologic agents for appropriate biomarkers, neoadjuvant-biomarker-driven trials
should be actively pursued.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390 /biomedicines11113097/s1, Table S1: Clinicopathological characteristics
of the enrolled patients; Table S2: Chemotherapy regimen administered just before the conversion
surgery; Table S3: Recurred locations after conversion surgery (multiple sites counted for each
patient); Table S4: p-Value from Pearson’s Chi-squared tests between post-operative pathological
findings; Figure S1: Association of baseline features with overall survival (OS); Figure S2: Associ-
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ation of initial BMI with overall survival (OS) in patients with (a) HER2- and (b) HER2+ tumors;
Figure S3: Association of metastatic sites with overall survival (OS); Figure S4: Association of post
chemotherapy features with overall survival (OS); Figure S5: Association of post operative features
with overall survival (OS). (a) Operational (OP) method comparing partial vs total gastrectomy.
(b) Pathological diffrentiation status comparing moderately diffrentiated adenocarcinoma (MD) vs
poorly differentiated adenocarcinoma or signet ring cell carcinoma (PD/SRC); Figure S6: Association
between objective response to chemotherapy and CEA level before operation; Figure S7: Association
between receipt of targeted therapy and CEA level before operation.

Author Contributions: Conceptualization, ]J.L. and J.-H.L.; formal analysis, M.-K.S.; resources, M.-
G.C,S-TK,W-KK, T-S.S. and J.-Y.A,; writing—original draft preparation, M.-K.S.; writing—review
and editing, M.-K.S. and ].L.; visualization, M.-K.S.; supervision, J.L.; funding acquisition, J.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Bio&Medical Technology Development Program of
the National Research Foundation (NRF) funded by the Korean government (MSIT) (No. RS-2023-
00222838).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Samsung Medical Center (IRB File
No. 2021-09-052).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data are not publicly available due to privacy.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.

Bang, Y.-J.; Van Cutsem, E.; Feyereislova, A.; Chung, H.C.; Shen, L.; Sawaki, A.; Lordick, F.; Ohtsu, A.; Omuro, Y.; Satoh, T; et al.
Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric
or gastro-oesophageal junction cancer (ToGA): A phase 3, open-label, randomised controlled trial. Lancet 2010, 376, 687—-697.
[CrossRef] [PubMed]

Janjigian, Y.Y.; Shitara, K.; Moehler, M.; Garrido, M.; Salman, P.; Shen, L.; Wyrwicz, L.; Yamaguchi, K.; Skoczylas, T.; Campos
Bragagnoli, A.; et al. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-oesophageal
junction, and oesophageal adenocarcinoma (CheckMate 649): A randomised, open-label, phase 3 trial. Lancet 2021, 398, 27-40.
[CrossRef]

Kodera, Y.; Ito, S.; Mochizuki, Y.; Ohashi, N.; Tanaka, C.; Kobayashi, D.; Kojima, H.; Matsui, T.; Kondo, K.; Fujiwara, M. Long-term
follow up of patients who were positive for peritoneal lavage cytology: Final report from the CCOGO0301 study. Gastric Cancer
2012, 15, 335-337. [CrossRef]

Lee, S.D.; Ryu, KW.; Eom, B.W,; Lee, ].H.; Kook, M.C.; Kim, Y.W. Prognostic significance of peritoneal washing cytology in
patients with gastric cancer. Br. J. Surg. 2012, 99, 397-403. [CrossRef] [PubMed]

Kim, S.W. The Result of Conversion Surgery in Gastric Cancer Patients with Peritoneal Seeding. ]. Gastric Cancer 2014, 14, 266-270.
[CrossRef] [PubMed]

Wang, Y; Yu, Y.-y.; Li, W,; Feng, Y.; Hou, ].; Ji, Y.; Sun, Y.-h.; Shen, K.-t.; Shen, Z.-b.; Qin, X.-y,; et al. A phase II trial of Xeloda
and oxaliplatin (XELOX) neo-adjuvant chemotherapy followed by surgery for advanced gastric cancer patients with para-aortic
lymph node metastasis. Cancer Chemother. Pharmacol. 2014, 73, 1155-1161. [CrossRef]

Aizawa, M.; Nashimoto, A.; Yabusaki, H.; Nakagawa, S.; Matsuki, A.; Homma, K.; Kawasaki, T. The clinical significance of
potentially curative resection for gastric cancer following the clearance of free cancer cells in the peritoneal cavity by induction
chemotherapy. Surg. Today 2015, 45, 611-617. [CrossRef]

Kinoshita, T.; Kinoshita, T.; Saiura, A.; Esaki, M.; Sakamoto, H.; Yamanaka, T. Multicentre analysis of long-term outcome after
surgical resection for gastric cancer liver metastases. Br. J. Surg. 2015, 102, 102-107. [CrossRef]

Ishigami, H.; Yamaguchi, H.; Yamashita, H.; Asakage, M.; Kitayama, J. Surgery after intraperitoneal and systemic chemotherapy
for gastric cancer with peritoneal metastasis or positive peritoneal cytology findings. Gastric Cancer 2017, 20, 128-134. [CrossRef]
Katayama, H.; Tsuburaya, A.; Mizusawa, J.; Nakamura, K.; Katai, H.; Imamura, H.; Nashimoto, A.; Fukushima, N.; Sano, T.;
Sasako, M. An integrated analysis of two phase II trials (JCOG0001 and JCOG0405) of preoperative chemotherapy followed by
D3 gastrectomy for gastric cancer with extensive lymph node metastasis. Gastric Cancer 2019, 22, 1301-1307. [CrossRef]


https://doi.org/10.1016/S0140-6736(10)61121-X
https://www.ncbi.nlm.nih.gov/pubmed/20728210
https://doi.org/10.1016/S0140-6736(21)00797-2
https://doi.org/10.1007/s10120-012-0156-3
https://doi.org/10.1002/bjs.7812
https://www.ncbi.nlm.nih.gov/pubmed/22101572
https://doi.org/10.5230/jgc.2014.14.4.266
https://www.ncbi.nlm.nih.gov/pubmed/25580359
https://doi.org/10.1007/s00280-014-2449-1
https://doi.org/10.1007/s00595-014-0979-0
https://doi.org/10.1002/bjs.9684
https://doi.org/10.1007/s10120-016-0684-3
https://doi.org/10.1007/s10120-019-00981-5

Biomedicines 2023, 11, 3097 14 of 14

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Takahari, D.; Ito, S.; Mizusawa, J.; Katayama, H.; Terashima, M.; Sasako, M.; Morita, S.; Nomura, T.; Yamada, M.; Fujiwara, Y.;
et al. Long-term outcomes of preoperative docetaxel with cisplatin plus S-1 therapy for gastric cancer with extensive nodal
metastasis (JCOG1002). Gastric Cancer 2020, 23, 293-299. [CrossRef] [PubMed]

Fujitani, K.; Yang, H.-K.; Mizusawa, J.; Kim, Y.-W.; Terashima, M.; Han, S.-U.; Iwasaki, Y.; Hyung, W.J.; Takagane, A.; Park, D.J.;
et al. Gastrectomy plus chemotherapy versus chemotherapy alone for advanced gastric cancer with a single non-curable factor
(REGATTA): A phase 3, randomised controlled trial. Lancet Oncol. 2016, 17, 309-318. [CrossRef] [PubMed]

Du, R.; Hu, P; Liu, Q.; Zhang, ]J. Conversion Surgery for Unresectable Advanced Gastric Cancer: A Systematic Review and
Meta-Analysis. Cancer Investig. 2019, 37, 16-28. [CrossRef] [PubMed]

Desiderio, J.; Sagnotta, A.; Terrenato, I.; Annibale, B.; Trastulli, S.; Tozzi, F.; D’Andrea, V.; Bracarda, S.; Garofoli, E.; Fong, Y.; et al.
Gastrectomy for stage IV gastric cancer: A comparison of different treatment strategies from the SEER database. Sci. Rep. 2021, 11,
7150. [CrossRef] [PubMed]

Huang, R.Y.; Kou, HW.,; Le, PH.; Kuo, C.J.; Chen, T.H.; Wang, S.Y.; Chen, ].S.; Yeh, T.S.; Hsu, ].T. Outcomes of Conversion Surgery
for Metastatic Gastric Cancer Compared with In-Front Surgery Plus Palliative Chemotherapy or In-Front Surgery Alone. J. Pers.
Med. 2022, 12, 555. [CrossRef]

Al-Batran, S.-E.; Homann, N.; Pauligk, C.; Illerhaus, G.; Martens, U.M.; Stoehlmacher, J.; Schmalenberg, H.; Luley, K.B.; Prasnikar,
N.; Egger, M; et al. Effect of Neoadjuvant Chemotherapy Followed by Surgical Resection on Survival in Patients With Limited
Metastatic Gastric or Gastroesophageal Junction Cancer: The AIO-FLOT3 Trial. JAMA Oncol. 2017, 3, 1237-1244. [CrossRef]
Yoshida, K.; Yasufuku, I.; Terashima, M.; Young Rha, S.; Moon Bae, J.; Li, G.; Katai, H.; Watanabe, M.; Seto, Y.; Hoon Noh, S.;
et al. International Retrospective Cohort Study of Conversion Therapy for Stage IV Gastric Cancer 1 (CONVO-GC-1). Ann.
Gastroenterol. Surg. 2022, 6, 227-240. [CrossRef]

Al-Batran, S.-E.; Goetze, T.O.; Mueller, D.W.; Vogel, A.; Winkler, M.; Lorenzen, S.; Novotny, A.; Pauligk, C.; Homann, N.;
Jungbluth, T.; et al. The RENAISSANCE (AIO-FLOTY) trial: Effect of chemotherapy alone vs. chemotherapy followed by surgical
resection on survival and quality of life in patients with limited-metastatic adenocarcinoma of the stomach or esophagogastric
junction—A phase III trial of the German AIO/CAO-V/CAOGI. BMC Cancer 2017, 17, 893.

Sato, Y.; Ohnuma, H.; Nobuoka, T.; Hirakawa, M.; Sagawa, T.; Fujikawa, K.; Takahashi, Y.; Shinya, M.; Katsuki, S.; Takahashi, M.;
et al. Conversion therapy for inoperable advanced gastric cancer patients by docetaxel, cisplatin, and S-1 (DCS) chemotherapy: A
multi-institutional retrospective study. Gastric Cancer 2017, 20, 517-526. [CrossRef]

Beom, S.-H.; Choi, Y.Y,; Baek, S.-E.; Li, S.-X.; Lim, J.S.; Son, T.; Kim, H.-I.; Cheong, J.-H.; Hyung, W.J.; Choi, S.H.; et al.
Multidisciplinary treatment for patients with stage IV gastric cancer: The role of conversion surgery following chemotherapy.
BMC Cancer 2018, 18, 1116. [CrossRef]

Yamaguchi, K.; Yoshida, K.; Tanahashi, T.; Takahashi, T.; Matsuhashi, N.; Tanaka, Y.; Tanabe, K.; Ohdan, H. The long-term survival
of stage IV gastric cancer patients with conversion therapy. Gastric Cancer 2018, 21, 315-323. [CrossRef]

Wang, T.; Wang, N.; Ren, H.; Zhou, H.; Zhou, A,; Jin, J.; Chen, Y.; Zhao, D. Long-term Results of Conversion Therapy for Initially
Unresectable Gastric Cancer: Analysis of 122 Patients at the National Cancer Center in China. J. Cancer 2019, 10, 5975-5985.
[CrossRef] [PubMed]

Chen, G.M.; Yuan, S.Q.; Nie, R.C.; Luo, T.Q.; Jiang, KM,; Liang, C.C,; Li, Y.E; Zhang, D.Y.; Yu, ].H.; Hou, E; et al. Surgical
Outcome and Long-Term Survival of Conversion Surgery for Advanced Gastric Cancer. Ann. Surg. Oncol. 2020, 27, 4250—-4260.
[CrossRef] [PubMed]

Ohnuma, H.; Sato, Y.; Onoyama, N.; Hamaguchi, K.; Hayasaka, N.; Sato, M.; Murase, K.; Takada, K.; Miyanishi, K.; Murakami, T.;
et al. Survival benefit of conversion surgery after intensive chemotherapy for unresectable metastatic gastric cancer: A propensity
score-matching analysis. . Cancer Res. Clin. Oncol. 2021, 147, 2385-2396. [CrossRef] [PubMed]

Choe, HJ.; Kim, J.W.; Han, S.H.; Lee, ] H.; Ahn, S.H.; Park, D.J.; Kim, ] W.; Kim, Y.J.; Lee, H.S.; Kim, ]. H.; et al. Conversion Surgery
in Metastatic Gastric Cancer and Cancer Dormancy as a Prognostic Biomarker. Cancers 2019, 12, 86. [CrossRef]

Chao, J.; Fuchs, C.S; Shitara, K.; Tabernero, J.; Muro, K.; Van Cutsem, E.; Bang, Y.-J.; De Vita, E; Landers, G.; Yen, C.-].; et al.
Assessment of Pembrolizumab Therapy for the Treatment of Microsatellite Instability-High Gastric or Gastroesophageal Junction
Cancer Among Patients in the KEYNOTE-059, KEYNOTE-061, and KEYNOTE-062 Clinical Trials. JAMA Oncol. 2021, 7, 895-902.
[CrossRef]

Imfinzi Plus Chemotherapy Significantly Improved Pathologic Complete Response in Gastric and Gastroesophageal Junction
Cancers in MATTERHORN Phase III Trial. Available online: https://www.astrazeneca.com/media-centre/press-releases/
2023 /imfinzi-plus-chemotherapy-significantly-improved-pathologic-complete-response-in-gastric-and-gastroesophageal-
junction-cancers-in-matterhorn-phase-iii- trial. html (accessed on 2 June 2023).

Janjigian, Y.Y.; Kawazoe, A.; Yafiez, P.; Li, N.; Lonardi, S.; Kolesnik, O.; Barajas, O.; Bai, Y.; Shen, L.; Tang, Y.; et al. The
KEYNOTE-811 trial of dual PD-1 and HER2 blockade in HER2-positive gastric cancer. Nature 2021, 600, 727-730. [CrossRef]
Shitara, K,; Bang, Y.-].; Iwasa, S.; Sugimoto, N.; Ryu, M.-H.; Sakai, D.; Chung, H.-C.; Kawakami, H.; Yabusaki, H.; Lee, J.; et al.
Trastuzumab Deruxtecan in Previously Treated HER2-Positive Gastric Cancer. N. Engl. |. Med. 2020, 382, 2419-2430. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s10120-019-01007-w
https://www.ncbi.nlm.nih.gov/pubmed/31515693
https://doi.org/10.1016/S1470-2045(15)00553-7
https://www.ncbi.nlm.nih.gov/pubmed/26822397
https://doi.org/10.1080/07357907.2018.1551898
https://www.ncbi.nlm.nih.gov/pubmed/30632817
https://doi.org/10.1038/s41598-021-86352-6
https://www.ncbi.nlm.nih.gov/pubmed/33785761
https://doi.org/10.3390/jpm12040555
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1002/ags3.12515
https://doi.org/10.1007/s10120-016-0633-1
https://doi.org/10.1186/s12885-018-4998-x
https://doi.org/10.1007/s10120-017-0738-1
https://doi.org/10.7150/jca.35527
https://www.ncbi.nlm.nih.gov/pubmed/31762807
https://doi.org/10.1245/s10434-020-08559-7
https://www.ncbi.nlm.nih.gov/pubmed/32506192
https://doi.org/10.1007/s00432-021-03516-7
https://www.ncbi.nlm.nih.gov/pubmed/33534051
https://doi.org/10.3390/cancers12010086
https://doi.org/10.1001/jamaoncol.2021.0275
https://www.astrazeneca.com/media-centre/press-releases/2023/imfinzi-plus-chemotherapy-significantly-improved-pathologic-complete-response-in-gastric-and-gastroesophageal-junction-cancers-in-matterhorn-phase-iii-trial.html
https://www.astrazeneca.com/media-centre/press-releases/2023/imfinzi-plus-chemotherapy-significantly-improved-pathologic-complete-response-in-gastric-and-gastroesophageal-junction-cancers-in-matterhorn-phase-iii-trial.html
https://www.astrazeneca.com/media-centre/press-releases/2023/imfinzi-plus-chemotherapy-significantly-improved-pathologic-complete-response-in-gastric-and-gastroesophageal-junction-cancers-in-matterhorn-phase-iii-trial.html
https://doi.org/10.1038/s41586-021-04161-3
https://doi.org/10.1056/NEJMoa2004413

	Introduction 
	Materials and Methods 
	Results 
	Cohort Description 
	Univariable Analysis 
	Multivariable Analysis 

	Discussion 
	Conclusions 
	References

