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ABSTRACT

Purpose: For unresectable or initially metastatic gastric cancer, conversion surgery (CVS),
after systemic chemotherapy, has received attention as a treatment strategy. This study
evaluated the prognostic value of ypTNM stage and the oncologic outcomes in patients
receiving CVS.

Materials and Methods: A retrospective review of clinicopathologic findings and oncologic
outcomes of 116 patients who underwent CVS with curative intent, after combination
chemotherapy, between January 2000 and December 2015, has been reported here.

Results: Twenty-six patients (22.4%) underwent combined resection of another organ and 12
patients received para-aortic lymphadenectomy (10.3%). Pathologic complete remission (CR)
was confirmed in 11 cases (9.5%). The median overall survival (OS) and disease-free survival
(DEFS) times were 35.0 and 21.3 months, respectively. In multivariate analysis, ypTNM stage
was the sole independent prognostic factor for DFS (P=0.042). Tumors invading an adjacent
organ or involving distant lymph nodes showed better survival than those with peritoneal
seeding or solid organ metastasis (P=0.084). Kaplan-Meier curves showed that the 3-year OS
rate of patients with pathologic CR and those with CR of the primary tumor but residual node
metastasis was 81.8% and 80.0%, respectively. OS was 65.8% for stage 1 patients, 49.8% for
those at stage 2, and 36.3% for those at stage 3.

Conclusions: The ypTNM staging is a significant prognostic factor in patients who
underwent CVS for localized unresectable or stage IV gastric cancers. Patients with locally
advanced but unresectable lesions or with tumors with distant nodal metastasis may be good
candidates for CVS.

Keywords: Gastric cancer; Conversion surgery; Metastasis; Stage IV; TNM staging

INTRODUCTION

Gastric cancer is the second most common cause of cancer-related mortality in the

world [1,2], and surgery is a potentially curative treatment. However, in locally advanced,
unresectable, or initially metastatic tumors, palliative chemotherapy is the standard
treatment and the role of surgery is very limited, except in cases where bleeding, obstruction,
or perforation occurs [3,4]. Combination chemotherapy improves overall survival (OS) of
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patients with stage IV gastric cancer [5], and the addition of a targeted agent, to conventional
chemotherapy, can improve prognosis when compared to chemotherapy alone [6,7].
However, prognosis remains poor, due to cumulative toxicity or chemo-resistance.

Conversion surgery (CVS) refers to the surgical removal, with curative intent, of tumors that
are initially unresectable or accompanied by distant metastasis, but respond to combination
chemotherapy [8]. Some studies have reported that CVS could improve OS in patients with
unresectable or stage IV gastric cancer, and that achieving RO resection is an important
prognostic factor [8-12]. However, as these studies tend to be small in scale and use a variety
of definitions of CVS, the clinical value of CVS remains controversial [13-15]. Moreover, there
is a lack of analysis of prognostic factors, recurrence patterns, and the usefulness of the
staging system for predicting prognosis after curative surgery.

Since the introduction of the staging system by the Union for International Cancer Control/
American Joint Committee on Cancer, the notion of the y-stage has been used in gastric
cancer. This refers to TNM staging, applied in cases where neoadjuvant treatment is given
before surgery. However, in terms of CVS, data to support the prognostic value of yp-staging
has previously been limited.

This study aims to evaluate the oncologic outcomes of CVS in patients with unresectable or
stage IV gastric cancers and, for these patients, the prognostic value of ypTNM staging.

MATERIALS AND METHODS

Patients

We reviewed the medical records of patients who underwent surgery with curative intent,
after systemic chemotherapy for histologically proven, primary gastric adenocarcinoma.

All selected cases were initially diagnosed as locally advanced but unresectable, or stage IV
disease, on presentation at the Asan Medical Center, Seoul, Korea between January 2000
and December 2015. We initially identified 143 patients meeting the criteria. From these, we
excluded patients who received surgery within 3 months after 1st chemotherapy (n=17) and
cases not achieving curative resection (n=10). Finally, a total of 116 patients were included in
this study.

Assessment of preoperative staging and curability

The reasons for palliative chemotherapy were classified into 4 categories: 1) distant

lymph node metastasis beyond D2 dissection territory (LN), 2) peritoneal seeding (PS),

3) other solid organ metastasis (SO), and 4) invasion to an unresectable adjacent organ,
including pancreas head, celiac axis, etc. (OI). The presence of non-curable factors

was assessed by enhanced abdominopelvic computed tomography (CT) and positron
emission tomography (PET), prior to chemotherapy, and/or exploratory laparoscopy or
laparotomy. Patients suspected of having peritoneal metastasis, but without confirmation by
exploratory procedure, were so-defined if they showed a minimum of 2 features on imaging
examinations: definite seeded mass, multiple nodular lesions, omental infiltration, or the
presence of a quantity of ascites. Preoperative curability was evaluated by a multidisciplinary
team, including experienced gastrointestinal surgeons, oncologists, and radiologists. In
patients with multiple incurable factors, we classified them according to the dominant one.
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Chemotherapy regimen and the response evaluation

Palliative chemotherapy was administered to all patients, and various regimens were employed,
such as docetaxel plus capecitabine with cisplatin (DXP), capecitabine plus cisplatin (XP)

and capecitabine plus oxaliplatin (XELOX). Disease progression was regularly evaluated by
physical examination, laboratory tests, tumor markers, and radiography. Tumor size was
measured by CT every 2-3 cycles of chemotherapy, and response was assessed according to the
Response Evaluation Criteria in Solid Tumors guidelines [16]. During the follow-up period,

if the imaging showed improvement or disappearance of non-curable factors and if curative
resection was expected, CVS was performed. All patients received distal or total gastrectomy
plus D2 lymph node dissection. If needed, resection of an invaded adjacent organ or para-aortic
lymphadenectomy was performed at the same time, to achieve curability. In some cases, where
metastasis of the liver or para-aortic area was initially identified but subsequently disappeared,
and there was no uptake on PET after chemotherapy, metastatectomy was omitted.

After surgery, the oncologist decided whether to resume adjuvant chemotherapy, considering
the patient's general condition and compliance, the operative findings, and ypTNM stage.
Recurrence was checked using laboratory test and tumor markers every 3 months, and by CT
every 3—6 months.

Follow-up data

Patient medical records were reviewed to identify clinicopathologic characteristics, including
age, sex, tumor location, differentiation, reason for palliative chemotherapy, number of
incurable factors, yc- and ypTNM stage based on the American Joint Committee on Cancer
8th edition [17], combined organ resection, oncologic outcomes, and recurrence pattern. The
data cut-off date was December 2018.

Statistical analysis

SPSS statistical software (version 21.0 for Windows; IBM Corp., Armonk, NY, USA) was used

for all statistical analyses. The OS and disease-free survival (DFS) rates were calculated using the
Kaplan-Meier method. OS was defined as the time from surgery to death, from any cause, and

DFS was defined as the time from the date of CVS to the time of confirmed recurrence or death
from any cause. Patients were censored for OS and DFS; if they were recurrence-free and alive,
Syears after the surgery. Patients who were lost to follow-up, without evidence of recurrence
before 5 years, were censored for DES at the date of their last clinic visit. Cox proportional hazards
models were used for univariate and multivariate analyses, and outcomes were reported as hazard
ratios and 95% confidence intervals. A threshold for statistical significance was set at P<0.05.

Ethical approval

All procedures were conducted in accordance with the ethical standards of the responsible
committee on human experimentation and with the Helsinki Declaration 0f1964 and later
versions. This study was approved by the Institutional Review Board of Asan Medical Center (No.
2019-0498), Seoul, Korea. Informed consent was waived according to the retrospective design.

RESULTS

Clinicopathologic and operative findings of patients
There were 82 men and 34 women included in the study and the median age at operation was
53 years.
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Tumors were located in the lower third of the stomach in 56 cases (48.3%) and 60 cases
(51.7%) had an undifferentiated histology. At diagnosis, more than 80% of the patients
were clinically suspected to have tumors involving serosa or an adjacent organ, or to have
more than 7 accompanying metastatic lymph nodes. Distant nodal metastasis was the most
common reason for incurability, followed by OI, PS, and SO. About 90% of the patients

had a single, non-curable factor. After palliative chemotherapy, tumors at clinical T4 and
N2-N3 stage decreased to 56 (48.3%) and 47 cases (40.6%), respectively. The median
interval between initial chemotherapy and surgery was 4.6 months (range: 3.0-40.2).
About 60% of the patients received total gastrectomy and 12 patients underwent para-aortic
lymphadenectomy. Twenty-six patients (22.4%) underwent combined resection of another
organ to achieve curability, most commonly the spleen (Table 1).

Table 1. Characteristics of patients who underwent conversion surgery for unresectable or stage IV gastric cancers

Variables Value (n=116)
Age in years 53 (26-76)
Sex

Male 82 (70.7)

Female 34 (29.3)
Tumor location

Lower third 56 (48.3)

Middle third 23 (19.8)

Upper third 9 (7.8)

Entire 28 (24.1)
Differentiation

Differentiated 56 (48.3)

Undifferentiated 60 (51.7)
CT stage”

<T3 18 (15.5)

T4a/b 98 (84.5)
CN stage”

<N1 13 (1.9)

>N2 103 (88.8)
Causes of palliative chemotherapy

LN 63 (54.3)

PS 20 (17.2)

o) 4(3.4)

ol 29 (25.0)
No. of incurable factors

1 102 (87.9)

2 14 (12.1)
ycT stage”

<T3 60 (51.7)

T4a/b 56 (48.3)
ycN stage”

<N1 69 (59.4)

>N2 47 (40.6)
Interval between initial chemotherapy and surgery in months 4.6 (3.0-40.2)
Chemotherapy regimen

Triplet regimen 87 (75.0)

DXP 65 (56.0)

DXP + avastin 17 (14.6)

DXO 4(3.4)
Doublet regimen 29 (25.0)

XP 9 (7.8)

XP + herceptin 5(4.3)

XELOX 7 (6.1)

Others 4 (3.4)
Chemotherapy cycle 6.0 (3-13)

(continued to the next page)
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Table 1. (Continued) Characteristics of patients who underwent conversion surgery for unresectable or stage IV
gastric cancers

Variables Value (n=116)
Operation type

Distal gastrectomy 47 (40.5)

Total gastrectomy 69 (59.5)
Para-aortic lymphadenectomy

Yes 12 (10.3)

No 104 (89.7)
Combined organ resection (n=26)

Spleen 14

Pancreas + spleen
Pancreas + spleen + colon
Pancreas + spleen + liver
Pancreas

Spleen + colon + ovary
Spleen + liver

e B R R G I

Liver
Colon
ypTNM stage

NRT 1 (9.5)
NRT but residual lymph node 5(4.3)
1 24 (20.7)
2 36 (31.0)
3 40 (34.5)

Values are presented as median (range) or number (%).

LN = distant lymph node metastasis; PS = peritoneal seeding; SO = solid organ metastasis; Ol = invasion to an
unresectable adjacent organ; DXP = docetaxel plus capecitabine with cisplatin; DXO = docetaxel, capecitabine,
and oxaliplatin; XP = capecitabine plus cisplatin; XELOX = capecitabine plus oxaliplatin; NRT = no residual tumor.
*TNM stage was based on the American Joint Committee on Cancer 8th edition.

Pathologic complete remission (CR) was confirmed in 11 cases (9.5%), and CR of the main
tumor with residual metastatic lymph node was observed in 5 patients (4.3%). With regard to
ypTNM stage, stage 3 tumor was the most common (34.5%) followed by stage 2 (31.0%) and
stage 1 (20.7%).

0S and DFS after CVS

The median follow-up period was 33.9 months from surgery. Seventy-one patients (61.2%)
died and sixty-eight patients (58.6%) experienced relapse during the follow-up period. The
3-year and 5-year OS rates were 52.8% and 33.2%, respectively, and the median OS time was
35.0 months (Fig. 1A). There was a difference in OS according to incurable factors, and the

OI and LN group demonstrated better prognosis compared to PS and SO groups, which was
statistically significant (respective 3-year OS rate: 61.7% vs. 54.6% vs. 45.0% vs. 0%, P=0.025)
(Fig. 1B). The 3-year and 5-year DFS rates were 42.5% and 32.1%, respectively, and the median
survival time was 21.3 months (Fig. 1C). The DES curve also showed similar, significant
results (3-year DFS rate: 54.6% vs. 45.0% vs. 25.0% vs. 0%, P=0.019) (Fig. 1D).

A chemotherapeutic regimen of DXP was the most commonly used (70.6%), followed by XP
(12.1%) and XELOX (6.1%). A triplet regimen was followed by 75% of patients, and a doublet
regimen by 25%. There was no significant difference in OS and DFS according to chemotherapy
regimen (triplet vs. doublet 5-year OS rate 31.7% vs. 34%]/5-year DEFS rate: 30.4% vs. 33.1%). The
median cycle of systemic chemotherapy was 6 (range: 3-13) (Table 1). After surgery, a total of 84
patients (72.4%) resumed chemotherapy and the median cycle of chemotherapy was 3 (range:
1-16). There was no significant difference in recurrence rate and survival rate according to the
total duration of chemotherapy or whether adjuvant chemotherapy was carried out.
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Fig. 1. OS and DFS of patients receiving conversion surgery for unresectable or stage IV gastric cancers. (A) OS of all patients, (B) OS according to the causes for
palliative chemotherapy, (C) DFS of all patients, (D) DFS according to the causes of palliative chemotherapy.
0S = overall survival; DFS = disease-free survival; SO = solid organ metastasis; LN = distant lymph node metastasis; PS = peritoneal seeding; Ol = invasion to an

unresectable adjacent organ.

https://jgc-online.org

Prognostic factors and prognosis based on TNM staging after curative CVS
The univariate analysis revealed that tumors involving the entire stomach, undifferentiated
histology, total gastrectomy, distant SO, PS, and advanced ypTNM stage were associated with
worse DFS in patients receiving CVS. In the multivariate analysis, ypTNM stage was the sole
independent prognostic factor for DFS (P=0.042) (Tables 2 and 3). An advanced ycT category
was related to a shorter OS in the univariate analysis, but its significance was not maintained
in the multivariate one.

The Kaplan-Meier curves showed that the 3-year OS rate of patients with pathologic CR

and those with a CR of main tumor and residual node metastasis was 81.8% and 80.0%,
respectively. OS of patients classified as stage 1 was 65.8%, stage 2 was 49.8%, and stage 3
was 36.3% (Fig. 2). The 3-year DFS rate for patients who were classified as CR was the highest
with the rate of 81.8%, followed by patients with CR of the primary tumor and residual node
metastasis (60.0%), then those classified as stage 2 (44.4%) and stage 3 (21.0%).
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Table 2. Prognostic factors for OS after conversion surgery in patients with unresectable or stage IV gastric cancers

Variables Univariate analysis for OS Multivariable analysis for OS
HR 95% ClI P-value HR 95% CI P-value
Tumor location <0.001 0.162
Lower third 1.000 1.000
Upper third 1.462 0.781-2.737 0.236 0.767 0.329-1.786
Middle third 1.673 0.692-4.044 0.253 0.947 0.352-2.547
Entire 3.819 2.134-6.833 <0.001 1.754 0.785-3.922
Differentiation 0.001 0.154
Differentiated 1.000 1.000
Undifferentiated 2.217 1.373-3.580 1.512 0.856-2.671
Causes of palliative chemotherapy 0.037 0.200
Ol 1.000 1.000
LN 1.202 0.658-2.197 0.549 1120 0.574-2.186 0.739
PS 1.909 0.942-3.869 0.073 0.963 0.437-2.120 0.925
SO 4.183 1.353-12.931 0.013 3.442 1.033-11.470 0.044
ycT stage” 0.025 0.444
<T3 1.000 1.000
T4a/b 1.708 1.070-2.729 1.232 0.722-2.100
Operation type 0.001 0.066
Distal gastrectomy 1.000 1.000
Total gastrectomy 2.463 1.474-4.117 2.025 0.954-4.298
YPTNM stage” 0.001 0.146
NRT and NRT N(+) 1.000 1.000
1 2.631 0.865-8.002 0.088 2.142 0.648-7.076 0.212
2 3.491 1.205-10.112 0.021 3121 0.978-9.954 0.054
3 5.766 2.024-16.426 0.001 3.389 1.076-10.677 0.037

0S = overall survival; HR = hazard ratio; CI = confidence interval; Ol = invasion to an unresectable adjacent organ; LN = distant lymph node metastasis; PS =
peritoneal seeding; SO = solid organ metastasis; NRT = no residual tumor; NRT N(+) = no residual tumor with residual metastatic lymph node.
*TNM stage was based on the American Joint Committee on Cancer 8th edition.

Table 3. Prognostic factors for DFS after conversion surgery in patients with unresectable or stage IV gastric cancers

Variables Univariate analysis for DFS Multivariate analysis for DFS
HR 95% ClI P-value HR 95% Cl P-value
Tumor location 0.002 0.676
Lower third 1.000 1.000
Upper third 1.665 0.869-3.190 0.124 0.969 0.411-2.285 0.942
Middle third 1.758 0.723-4.275 0.213 1118 0.412-3.034 0.827
Entire 3.143 1.751-5.642 <0.001 1.478 0.665-3.284 0.337
Differentiation 0.001 0.289
Differentiated 1.000 1.000
Undifferentiated 2.328 1.422-3.811 1.351 0.775-2.355
Causes of palliative chemotherapy 0.021 0.084
Ol 1.000 1.000
LN 1.327 0.741-2.375 0.220 1.310 0.651-2.637 0.449
PS 1.900 0.947-3.811 0.047 1.149 0.501-2.638 0.743
SO 4.781 1.553-14.717 0.004 4.736 1.409-15.924 0.012
Operation type 0.001 0.153
Distal gastrectomy 1.000 1.000
Total gastrectomy 2.480 1.455-4.229 1.758 0.810-3.815
YPTNM stage” 0.001 0.042
NRT and NRT N(+) 1.000 1.000
1 2.692 0.877-8.259 0.083 2.156 0.639-7.276 0.216
2 3.175 1.088-9.260 0.034 2.973 0.922-9.587 0.068
3 6.305 2.211-17.978 0.001 4.264 1.355-13.425 0.013
DFS = disease-free survival; HR = hazard ratio; Cl = confidence interval; Ol = invasion to an unresectable adjacent organ; LN = distant lymph node metastasis; PS
= peritoneal seeding; SO = solid organ metastasis; NRT = no residual tumor; NRT N(+) = no residual tumor with residual metastatic lymph node.
*TNM stage was based on the American Joint Committee on Cancer 8th edition.
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Fig. 2. OS and DFS curves according to ypTNM staging.
0S = overall survival; DFS = disease-free survival; NRT = no residual tumor; NRT N(+) = no residual tumor but with residual metastatic node.

Recurrence pattern after CVS

Recurrence rates in the SO, PS, LN, and OI groups were 100%, 75%, 57.1%, and 44.8%,
respectively. Among patients initially diagnosed with PS and OI, PS was the most common
site of relapse, while patients initially diagnosed with distant nodal metastasis most
frequently developed recurrent lymph node metastasis. In the SO group, all recurrences
occurred in the liver (Fig. 3).

DISCUSSION

The REGATTA clinical trial established that gastrectomy, followed by chemotherapy, provides
no additional survival benefit over chemotherapy alone, in advanced gastric cancer with

a single non-curable factor and, therefore, the role of surgery is limited in stage IV cancer
[18]. Nevertheless, recent studies, focusing on the feasibility and oncologic outcomes of

100
80
60

B3

40

20

SO PS Ol

M Solid organ recurrence M Distant lymph node recurrence
M Peritoneal seeding Local recurrence

Fig. 3. Recurrence patterns in patients receiving conversion surgery for unresectable or stage IV gastric cancers.
SO = solid organ metastasis; LN = distant lymph node metastasis; PS = peritoneal seeding; Ol = invasion to an
unresectable adjacent organ.
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CVS, have shown promising results. With the help of new chemotherapeutic drugs, an
increasing number of patients with distant metastasis undergo surgery after palliative
chemotherapy. However, because most studies are small-scale and retrospective, including
patient populations not achieving RO resection [9,19-22], prognostic factors for patients
receiving curative CVS remain to be determined. Reports on prognostic factors have included
N stage [9], lesion length [19], number of non-curative factors [8], and pathologic response
[23] as well as curative resection. To the best of our knowledge, this is the first study to report
ypTNM staging to be a prognostic factor for outcomes of CVS.

Cisplatin-based and 5-fluorouracil-based regimens have been widely used as standard
palliative treatments. Previously, a phase II study conducted in our institution demonstrated
that 74% of the patients with unresectable, locally advanced or limited, intra-abdominal,
metastatic gastric cancer underwent surgery, and 63% of them achieved RO resection after
receiving DXP, suggesting that surgery with DXP might offer a curative option for these types
of cancer [24]. This is why the DXP regimen was frequently used in the current study.

Previous studies demonstrated that CVS could offer a 5-year OS which ranged from 34.4%

to 49%, with a median survival time between 19.2 and 62 months, which is similar to our
findings. However, we had an RO resection rate of 92%, which is higher than that reported

in other studies. We excluded patients receiving surgery within 3 months after initial
chemotherapy because many of them required urgent operations, due to impending or actual
perforation or bleeding, which could disturb curative intervention and optimal timing.
Moreover, resectability was not confirmed by exploratory procedures for some tumors
suspected of having direct invasion to the pancreas head, so the potential for preoperative
overstaging might affect the RO rate.

Peritoneal carcinomatosis is the most common route of tumor metastasis in stage IV gastric
cancer, and its prognosis is worse than that for other metastases [25,26]. We also found
that the prognosis for patients with PS was worse than for patients classified as OI or LN,

in the univariate analysis; however, the multivariate analysis did not identify any significant
relationship between these factors and prognosis. We also found that the prognosis of SO
was significantly worse than other metastases. The 4 patients classified as SO had metastases
confined to the liver, before surgery. Among them, three patients received CVS after hepatic
lesions disappeared on CT and/or PET during the follow-up period. As the disappearance
of hepatic metastases was regarded as CR, we performed only radical gastrectomy

with lymphadenectomy, while the one patient with remaining hepatic lesions received
gastrectomy plus left hemihepatectomy. All 4 patients experienced relapse in the liver.

Patients classified as Ol and LN had better outcomes, with the 3-year OS exceeding 50%

and a DFS of 45% or higher. Although we removed para-aortic lymph nodes in 12 patients,
there was no difference in survival between those who received lymphadenectomy and those
who did not. Because the number of patients in the SO group was too small for meaningful
analysis, we re-analyzed prognostic factors for the three other groups and ypTNM staging
remained as a significant prognostic factor for DFS (P=0.043). Therefore, patients with
locally advanced but unresectable lesions, or with tumors with distant nodal metastasis,
could be good candidates for CVS.

The TNM classification system is used to direct treatment and to predict prognosis, as well
as to stage tumors. The total number of unresectable or stage IV gastric cancers reaching
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curative surgery, after chemotherapy, is so small that the value of a staging system for
prognosis after CVS has not been fully realized. Two previous studies reported that pN3 stage
and preoperative T4b disease were prognostic factors for relatively worse outcomes, but
there was no direct relationship with TNM staging [9,27]. Another study demonstrated that
pT stage was the prognostic factor for OS, in a univariate analysis, but it failed to maintain
significance in a multivariate one [10].

This current study revealed that ypTNM classification was the sole prognostic factor for

DEFS and, although it did not reach a statistical significance for OS, might also be a potential
candidate as a predictive factor for OS. We also demonstrated that the survival period of
patients with complete resolution of their main tumor was longer than that of other groups,
showing a significant survival difference.

Our study had some limitations. First, this study was retrospective and based on data from a
single institution. Second, there was the potential for selection bias because not all patients
underwent surgical exploration when determining curability, and imaging studies were used
to inform treatment decisions in OI and PS groups. Finally, in some cases with accompanying
metastasis in the liver or para-aortic area, we regarded radiologic disappearance of metastatic
lesions as CR and metastatectomy was not performed at the same time. A prospective
multicenter study could help provide more objective results. However, the present study is
valuable because it demonstrates that ypTNM staging is useful in making a prognosis for
patients receiving CVS for unresectable or stage IV gastric adenocarcinomas.
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