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Figure 2. Flow chart of the study population.
4.3. AJCC/UICC Stages

For gastric cancer patients operated on between 1972 and 2001, AJCC/UICC stages according
to the 5th edition of the AJCC/UICC staging system were available. The 6th and 7th edition of the
AJCC/UICC classification were used from 2002 until 2009 and from 2010 until 2014, respectively. Before
analysis, all patients in this study were restaged according to the 6th edition of the AJCC/UICC staging
system for gastric cancer.

4.4. Postoperative Complications

Data on postoperative complications were extracted from the database, where they had
been documented based on medical records. Major surgical complications were defined as one
of the following events during the postoperative course: anastomotic leak (including duodenal
stump insufficiency), postoperative abdominal abscess, fascial dehiscence, peritonitis, sepsis,
secondary hemorrhage, and relaparotomy for any reason. When multiple complications occurred,
the most severe complication was used for classifying if a patient had major surgical complications.
Complication-related postoperative mortality is presented as early postoperative (30 day) and
in-hospital mortality.

4.5. Follow-Up and Overall Survival

Follow-up in the database was based on medical records and direct contact with the patient or
with the treating physicians. OS time was defined as the interval from surgery to death or latest time
point the patient was known to be alive.

4.6. Statistical Analysis

Mean and standard deviations were calculated for quantitative variables. Qualitative variables
were quoted as absolute numbers and relative frequencies. Median and interquartile range (IQR) are
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presented for skewed or ordinal scaled parameters. All statistical tests for the comparison of two
groups were two-tailed. In general, a test result was considered statistically significant if p < 0.050.
For qualitative variables, a Fisher’s exact test was used. Univariable and multivariable Cox regression
analyses were performed to identify factors that might influence OS. Variables reaching a significance
level of oc = 0.100 in univariable Cox regression analyses were used as covariates in multivariable Cox
regression analyses. In the multiple analyses, the backward stepwise selection based on the probability
of the Wald statistic was used, and a significance level of « = 0.050 was chosen to detect several
parameters that might influence the outcome. Hazard ratios in the multiple analyses are presented
together with their 95% CI. The Kaplan-Meier method was used to present survival data and the
log-rank test was used to compare survival distributions. Statistical analyses were performed using
the SAS statistical analysis software (release 9.4, Cary, NC, USA).

5. Conclusions

In summary, our data support the evidence that postoperative complications are a significant risk
factor for poor OS in patients undergoing radical resection for gastric cancer. However, our study
shows that this was an effect caused by complication-related early postoperative mortality. Indeed,
postoperative complications did not have an impact on OS in patients who were successfully rescued
from postoperative overall or major surgical complications.
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Appendix A

Table Al. Factors associated with OS in patients with AJCC/UICC stage II (in-hospital mortality

excluded).
Univariable Multivariable (n = 218)
Variable
p Value Hazard Ratio p Value  Hazard Ratio (95% CI)
Year of surgery 0.005 0.970 0.001 0.963 (0.941-0.986)
Gastrectomy (total vs. subtotal) 0.096 0.726 0.037 0.665 (0.453-0.976)
Intestinal resection 0.041 3.358 0.057
Major surgical complications 0.061 1.739 0.079
Splenectomy 0.089 1.375 0.356
Overall complications 0.100 1.447
Anastomotic leak 0.234 1.724
pT stage 0.691 0.901
pN stage 0.691 1.110
Tumor location (distal vs. proximal) 0.890 0.974
Laurén type (diffuse vs. non-diffuse) 0.196 0.784
Signet-ring cell carcinoma 0.644 1.113
Gender (male vs. female) 0.471 1.145
Age 0.350 1.008
Multivisceral resection 0.243 1.248
Pancreatic procedure 0.739 0.788
Hepatic procedure 0.974 0.981
Cholecystectomy 0.962 0.984

AJCC: American Joint Committee on Cancer; OS: Overall survival; UICC: Union Internationale Contre le Cancer.
p values in bold type indicate statistical significance in multivariable analysis.
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Table A2. Factors associated with OS in AJCC/UICC stage III (in-hospital mortality excluded).

Univariable Multivariable (n = 196)
Variable
p Value Hazard Ratio p Value  Hazard Ratio (95% CI)
Age 0.012 1.023 0.012 1.023 (1.005-1.041)

Splenectomy 0.086 1.351 0.061

Anastomotic leak 0.097 2.018 0.069
Overall complications 0.288 1.246
Major surgical complications 0.705 1.122
pT stage 0.102 1.315
pN stage 0.670 0.938
Tumor location (distal vs. proximal) 0.220 1.266
Laurén type (diffuse vs. non-diffuse) 0.275 0.825
Signet-ring cell carcinoma 0.733 1.067
Gender (male vs. female) 0.445 0.874
Year of surgery 0.340 0.990
Gastrectomy (total vs. subtotal) 0.358 0.850
Multivisceral resection 0.161 1.282
Intestinal resection 0.495 1.366
Pancreatic procedure 0.819 0.908
Hepatic procedure 0.551 0.549
Cholecystectomy 0.811 1.082

AJCC: American Joint Committee on Cancer; OS: Overall survival; UICC: Union Internationale Contre le Cancer.
p values in bold type indicate statistical significance in multivariable analysis.

References

1.

10.

Tu, RH,; Lin, J.X,; Zheng, C.H.; Li, P; Xie, ]JW.; Wang, ].B.; Lu, J.; Chen, Q.Y.; Cao, L.L,; Lin, M,;
et al. Complications and failure to rescue following laparoscopic or open gastrectomy for gastric cancer:
A propensity-matched analysis. Surg. Endosc. 2017, 31, 2325-2337. [CrossRef]

Weledji, E.P; Verla, V. Failure to rescue patients from early critical complications of oesophagogastric cancer
surgery. Ann. Med. Surg. 2016, 7, 34—41. [CrossRef] [PubMed]

Busweiler, L.A; Henneman, D.; Dikken, J.L.; Fiocco, M.; van Berge Henegouwen, M.1.; Wijnhoven, B.P;
van Hillegersberg, R.; Rosman, C.; Wouters, M.W.; van Sandick, ].W.; et al. Failure-to-rescue in patients
undergoing surgery for esophageal or gastric cancer. Eur. |. Surg. Oncol. 2017, 43, 1962-1969. [CrossRef]
Wang, S.; Xu, L.; Wang, Q.; Li, J.; Bai, B.; Li, Z.; Wu, X; Yu, P,; Li, X.; Yin, J. Postoperative complications and
prognosis after radical gastrectomy for gastric cancer: A systematic review and meta-analysis of observational
studies. World J. Surg. Oncol. 2019, 17, 18-20. [CrossRef]

Rosa, F; Alfieri, S.; Tortorelli, A.P.; Fiorillo, C.; Costamagna, G.; Doglietto, G.B. Trends in clinical features,
postoperative outcomes, and long-term survival for gastric cancer: A Western experience with 1,278 patients
over 30 years. World |. Surg. Oncol. 2014, 12, 1-11. [CrossRef]

Climent, M.; Hidalgo, N.; Vidal Puig, S.; Iglesias, M.; Cuatrecasas, M.; Ramon, ].M.; Garcia-Albéniz, X.;
Grande, L.; Pera, M. Postoperative complications do not impact on recurrence and survival after curative
resection of gastric cancer. Eur. ]. Surg. Oncol. 2016, 42, 132-139. [CrossRef]

Ohashi, M.; Morita, S.; Fukagawa, T.; Kushima, R.; Katai, H. Surgical treatment of non-early gastric remnant
carcinoma developing after distal gastrectomy for gastric cancer. J. Surg. Oncol. 2015, 111,208-212. [CrossRef]
Kim, S.-H.; Son, S.-Y.; Park, Y.-S.; Ahn, S.-H.; Park, D.J.; Kim, H.-H. Risk Factors for Anastomotic Leakage: A
Retrospective Cohort Study in a Single Gastric Surgical Unit. ]. Gastric Cancer 2015, 15, 167-175. [CrossRef]
Watanabe, M.; Kinoshita, T.; Tokunaga, M.; Kaito, A.; Sugita, S. Complications and their correlation with
prognosis in patients undergoing total gastrectomy with splenectomy for treatment of proximal advanced
gastric cancer. Eur. |. Surg. Oncol. 2018, 44, 1181-1185. [CrossRef]

Tsujimoto, H.; Ichikura, T.; Ono, S.; Sugasawa, H.; Hiraki, S.; Sakamoto, N.; Yaguchi, Y.; Yoshida, K,;
Matsumoto, Y.; Hase, K. Impact of postoperative infection on long-term survival after potentially curative
resection for gastric cancer. Ann. Surg. Oncol. 2009, 16, 311-318. [CrossRef]

139



Cancers 2019, 11, 1890

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Li, Z.; Bai, B.; Zhao, Y.; Yu, D.; Lian, B.; Liu, Y.; Zhao, Q. Severity of complications and long-term survival after
laparoscopic total gastrectomy with D2 lymph node dissection for advanced gastric cancer: A propensity
score-matched, case-control study. Int. ]. Surg. 2018, 54, 62-69. [CrossRef] [PubMed]

Yoo, HM.; Lee, H.H.; Shim, ].H.; Jeon, H.M.; Park, C.H.; Song, K.Y. Negative impact of leakage on survival
of patients undergoing curative resection for advanced gastric cancer. J. Surg. Oncol. 2011, 104, 734-740.
[CrossRef]

Nagasako, Y.; Satoh, S.; Isogaki, J.; Inaba, K.; Taniguchi, K.; Uyama, I. Impact of anastomotic complications
on outcome after laparoscopic gastrectomy for early gastric cancer. Br. J. Surg. 2012, 99, 849-854. [CrossRef]
[PubMed]

Li, Q-G.; Li, P; Tang, D.; Chen, J.; Wang, D.-R. Impact of postoperative complications on long-term survival
after radical resection for gastric cancer. World ]. Gastroenterol. 2013, 19, 4060-4065. [CrossRef] [PubMed]
Tokunaga, M.; Tanizawa, Y.; Bando, E.; Kawamura, T.; Terashima, M. Poor survival rate in patients with
postoperative intra-abdominal infectious complications following curative gastrectomy for gastric cancer.
Ann. Surg. Oncol. 2013, 20, 1575-1583. [CrossRef]

Kubota, T.; Hiki, N.; Sano, T.; Nomura, S.; Nunobe, S.; Kumagai, K.; Aikou, S.; Watanabe, R.; Kosuga, T.;
Yamaguchi, T. Prognostic significance of complications after curative surgery for gastric cancer. Ann. Surg.
Oncol. 2014, 21, 891-898. [CrossRef] [PubMed]

Jin, L.X; Sanford, D.E.; Squires, M.H.; Moses, L.E.; Yan, Y.; Poultsides, G.A.; Votanopoulos, K.I; Weber, S.M.;
Bloomston, M.; Pawlik, T.M.; et al. Interaction of Postoperative Morbidity and Receipt of Adjuvant Therapy
on Long-Term Survival After Resection for Gastric Adenocarcinoma: Results From the U.S. Gastric Cancer
Collaborative. Ann. Surg. Oncol. 2016, 23, 2398-2408. [CrossRef]

Marcus, S.G.; Cohen, D.; Lin, K.; Wong, K.; Thompson, S.; Rothberger, A.; Potmesil, M.; Hiotis, S.; Newman, E.
Complications of gastrectomy following CPT-11 based neoadjuvant chemotherapy for gastric cancer.
Gastroenterology 2003, 124, A789. [CrossRef]

Luo, H,; Wu, L.; Huang, M.; Jin, Q.; Qin, Y.; Chen, J. Postoperative morbidity and mortality in patients
receiving neoadjuvant chemotherapy for locally advanced gastric cancers. Medicine (Baltimore). 2018, 97,
€12932. [CrossRef]

Ronellenfitsch, U.; Schwarzbach, M.; Hofheinz, R.; Kienle, P.; Kieser, M.; Slanger, T.E.; Burmeister, B.;
Kelsen, D.; Niedzwiecki, D.; Schuhmacher, C.; et al. Preoperative chemo(radio)therapy versus primary
surgery for gastroesophageal adenocarcinoma: systematic review with meta-analysis combining individual
patient and aggregate data. Eur. J. Cancer 2013, 49, 3149-3158. [CrossRef]

Bonenkamp, ].J.; Hermans, J.; Sasako, M.; Welvaart, K.; Songun, I.; Meyer, S.; Plukker, ].T.M.; Van Elk, P.;
Obertop, H.; Gouma, D.J.; et al. Extended Lymph-Node Dissection for Gastric Cancer. N. Engl. ]. Med. 1999,
340, 908-914. [CrossRef]

Cuschieri, A.; Joypaul, V.; Fayers, P; Cook, P; Fielding, J.; Craven, |.; Bancewicz, ]. Postoperative morbidity
and mortality after D1 and D2 resections for gastric cancer: preliminary results of the MRC randomised
controlled surgical trial. Lancet 1996, 347, 995-999. [CrossRef]

Coimbra, EJ.E; de Jesus, V.H.F; Ribeiro, H.S.C.; Diniz, A.L.; de Godoy, A.L.; de Farias, I.C.; Felismino, T.;
Mello, C.A.L.; Almeida, M.E,; Begnami, M.D.ES.; et al. Impact of ypT, ypN, and Adjuvant Therapy on
Survival in Gastric Cancer Patients Treated with Perioperative Chemotherapy and Radical Surgery. Ann.
Surg. Oncol. 2019, 1-9. [CrossRef] [PubMed]

Songun, L; Putter, H.; Kranenbarg, E.M.-K_; Sasako, M.; van de Velde, C.J.H. Surgical treatment of gastric
cancer: 15-year follow-up results of the randomised nationwide Dutch D1D2 trial. Lancet. Oncol. 2010, 11,
439-449. [CrossRef]

Brierley, ].D.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours; Wiley Blackwell:
Oxford, UK, 2017; ISBN 978-1-119-26357-9.

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

140



cancers ﬁw\.@

Article

Clinical Pathways for Oncological Gastrectomy: Are
They a Suitable Instrument for Process
Standardization to Improve Process and Outcome
Quality for Patients Undergoing Gastrectomy? A
Retrospective Cohort Study

Patrick Téoule !, Emrullah Birgin !, Christina Mertens 2, Matthias Schwarzbach 3, Stefan Post ,
Nuh N. Rahbari ', Christoph Reififelder ! and Ulrich Ronellenfitsch 4*

1 Department of Surgery, Universititsmedizin Mannheim, Medical Faculty Mannheim, Heidelberg University,

Theodor-Kutzer-Ufer 1-3, 68167 Mannheim, Germany; patrick.teoule@umm.de (P.T.);
emrullah.birgin@umm.de (E.B.); st.post@icloud.com (S.P.); nuh.rahbari@umm.de (N.N.R.);
christoph.reissfelder@umm.de (C.R.)
2 Department of General and Visceral Surgery, Stadtisches Klinikum Karlsruhe, Moltkestr.90, 76133 Karlsruhe,
Germany; christina.mertens@klinikum-karlsruhe.de
Department of General, Visceral, Vascular, and Thoracic Surgery, Klinikum Frankfurt Hochst, Gotenstrafie
6-8, 65929 Frankfurt, Germany; matthias.schwarzbach@klinikumfrankfurt.de
Department of Visceral, Vascular and Endocrine Surgery, University Hospital Halle (Saale),
Ernst-Grube-Str.40, 06120 Halle (Saale), Germany
*  Correspondence: ulrich.ronellenfitsch@uk-halle.de; Tel.: +49-345-557-2314; Fax: +49-345-557-2551

Received: 7 January 2020; Accepted: 12 February 2020; Published: 13 February 2020

Abstract: (1) Background: Oncological gastrectomy requires complex multidisciplinary management.
Clinical pathways (CPs) can potentially facilitate this task, but evidence related to their use in managing
oncological gastrectomy is limited. This study evaluated the effect of a CP for oncological gastrectomy
on process and outcome quality. (2) Methods: Consecutive patients undergoing oncological gastrectomy
before (n = 64) or after (n = 62) the introduction of a CP were evaluated. Assessed parameters
included catheter and drain management, postoperative mobilization, resumption of diet and length
of stay. Morbidity, mortality, reoperation and readmission rates were used as indicators of outcome
quality. (3) Results: Enteral nutrition was initiated significantly earlier after CP implementation
(5.0 vs. 7.0 days, p < 0.0001). Readmission was more frequent before CP implementation (7.8% vs.
0.0%, p = 0.05). Incentive spirometer usage increased following CP implementation (100% vs. 90.6%,
p = 0.11). Mortality, morbidity and reoperation rates remained unchanged. (4) Conclusions: After
implementation of an oncological gastrectomy CP, process quality improved, while indicators of
outcome quality such as mortality and reoperation rates remained unchanged. CPs are a promising
tool to standardize perioperative care for oncological gastrectomy.

Keywords: clinical pathways; gastric surgery; oncological gastrectomy; quality of care;
outcomes; standardization

1. Introduction

Gastric cancer is the fifth most common neoplasm and still ranks third among the world’s
leading causes of cancer deaths, affecting approximately 783,000 people annually [1]. Regardless of
improvements in surgical technique and perioperative management, surgery for gastric cancer remains
challenging and patients who undergo radical resection are reported to have high complication
rates [2,3]. One reason is that more and more elderly and multimorbid patients are resected [4,5].
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On the other hand, due to preoperative malnutrition of patients with gastric neoplasms and
chronic comorbidities, perioperative mortality can reach up to 8.8% [6]. Therefore, multidisciplinary
perioperative management is required to reduce the risk of possibly severe perioperative complications
during and after oncological gastrectomy. The implementation of clinical pathways (CPs) can potentially
improve the quality of perioperative management [7]. CPs are specific instruments developed to
improve the quality of outcomes of care by standardizing treatment processes. They can be defined
as a protocol stipulating all tasks that should be carried out during a defined treatment [8-10].
The designated goal of CPs is to transfer evidence to the bedside. They comprise all disciplines
involved in patient care [11,12]. For several gastrointestinal operations, CPs have proven advantageous
with regard to perioperative outcomes [13]. Several studies have reported the results of patients
undergoing oncological gastrectomy and treated with CPs. These studies showed a reduction in the
length of stay (LOS) and reported a non-significant decrease in total complications, mortality and
reoperation [14]. However, all of these studies were conducted in Asian countries. In Europe only a
few studies have assessed the influence of multimodal management after gastrectomy. They were
focused on laparoscopic gastrectomy or a comparative pre-CP group was missing [15-18].

Given that the expected effects of CPs must be considered specific to health systems, we performed
a study in a German tertiary care hospital to evaluate an oncological gastrectomy CP with respect to its
effects on process and outcome quality.

2. Results

2.1. Patient Characteristics

A total of 126 patients underwent oncological gastrectomy during the study period. The pre-CP
group comprised 64 patients and the CP group involved 62 patients. Patient characteristics are displayed
in Table 1. The clinical and demographic characteristics of both groups were comparable. The proportion
of total gastrectomies was non-significantly higher in the pre-CP group, and correspondingly, there
were proportionally more tumors extending to the entire stomach in this group. The type of surgical
reconstruction differed significantly between the two groups. While all patients received a Roux-en-Y
reconstruction, the proportion of handsewn esophagojejunostomies was higher in the pre-CP group
(23.4%) than in the CP group (8.1%; p = 0.01).

Table 1. Characteristics of the study groups.

Patient Characteristic Pre-CP Group (n = 64) % CP Group (n = 62) % p-Value
Age in years; median (range; IQR) 65.5 (30-85; 20) 65.0 (25-89; 21) 0.79
Sex 0.88
Male 40 (62.5) 38 (61.3)
ASA score 0.16
1 6 (10.0) 1(1.8)
s 26 (43.3) 23 (40.3)
11 28 (46.7) 32 (56.1)
v 0(0) 1(1.8)
X 4 5
Type of tumor 0.12
Adenocarcinoma 61 (95.3) 58 (93.5)
Other 3(4.7) 4 (6.5)
Tumor location 0.05
Proximal part 21(32.8) 26 (41.9)
Middle part 1(1.6) 3(4.8)
Distal part 13 (20.3) 9 (14.5)
Entire stomach 28 (43.7) 19 (30.7)
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Table 1. Cont.

Patient Characteristic Pre-CP Group (n = 64) % CP Group (n = 62) % p-Value
Remnant cancer 1(1.6) 5(8.1)
Neoadjuvant chemotherapy 38 (59.4) 35 (56.5) 0.85
TNM classification for Adenocarcinoma 61 (95.3) 58 (93.5)
Tumor stage 0.57
T0 3(4.9) 5(8.6)
T1 11 (18.0) 14 (24.1)
T2 9 (14.8) 10 (17.2)
T3 27 (44.3) 21 (36.2)
T4 11 (18.0) 8(13.8)
Nodal status 0.46
NO 25 (41.0) 32(55.2)
N1 11 (18.0) 8(13.8)
N2 13 (21.3) 8(13.8)
N3 12 (19.7) 10 (17.2)
Metastasis 0.66
MO 53 (85.5) 52 (88.1)
M1 9 (14.5) 7 (11.9)
X 2 3
Resectional status 0.74
RO 57 (93.4) 55(91.7)
R1 4 (6.6) 5(8.3)
X 3 2
Type of resection 0.07
Total 40 (62.5) 26 (41.9)
Subtotal 9 (14.0) 10 (15.1)
Completion gastrectomy 1(1.6) 5(8.1)
Trans-hiatally extended 14 (21.9) 21(33.9)
Type of lymphadenectomy 0.19
D2 40 (67.8) 28 (60.8)
Partial D3 14 (23.7) 15 (32.6)
Local 1(1.7) 2 (4.3)
None 4(6.8) 0(0) 0.07
X 5 17
Associated procedure # 6(9.4) 11 (17.4) 0.16
Liver resection 2(3.1) 2(3.1) 1
Colon resection 2(3.2) 5(8.1) 0.36
Distal pancreatectomy and splenectomy 4(6.3) 5(8.1) 0.36
Reconstruction
Roux-en-Y 64 (100) 62 (100) 1
Stapler 49 (76.6) 57(92.9) 001 *
Handsewn 15 (23.4) 5(8.1) .
Preoperative albumin mean (g/L) 35.1 35.9 04
(standard deviation) (4.75) (4.40) ’
Mean number of resected lymph nodes 26.6 25.1 043
(standard deviation) (10.11) (10.70) ’
Mean lymph node ratio (positive LN/ total 18 12
LN) 0.43
(range) (0-92) (0-89)

ASA = American Society of Anesthesiology; X = missing data; Pre-CP group = Pre-Clinical pathway group; CP
group = Clinical pathway group; dignity others Pre-CP-Group = in declining order: two neuroendocrine tumors,
one leiomyosarcoma; dignity others CP-Group = in declining order: two leiomyosarcomas, one leiomyoma, one
gastric metastasis of kidney cell carcinoma; IQR = interquartile range; * = multiple answers are possible; g/l = gram/

liter; * = p-value < 0.05.
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2.2. Process Quality

Table 2 gives an overview of the comparison of the outcomes that reflect process quality. In the
CP group, patients received liquid nutritional supplements significantly earlier (median 5.0 vs. 7.0
days in the pre-CP group; p < 0.0001). The usage of incentive spirometers increased following CP
implementation, although the difference did not reach statistical significance (100% vs. 90.6% in the
pre-CP group; p = 0.11). Foley and arterial catheters were removed significantly earlier in the pre-CP
group (median of 1.0 vs. 4.0 and 2.0 vs. 5.0 days, respectively; p = 0.01).

Table 2. Parameters of process quality.

Patient Characteristic Pre-CP Group (n=64) %  CP Group (n = 62) % p-Value
Usage of incentive spirometer 58 (90.6) 62 (100) 0.11
Median day of oral toluidine test 5 5 072
(range; IQR] (5-6; 0.0) (4.0-7.0; 0.0) .
Number of patients with positive oral toluidine test 1(1.6) 0(0) 1
X 10 8
Median day of peripheral venous catheter removal 6.5 4 0.35
(range; IQR) (1-44; 10) (0-24; 4.5) )
Median day of PDA catheter removal 6 6 071
(range; IQR) (1-10; 2) (0-9; 3) .
Number of patients with PDA catheter 59 (92.2) 53 (85.5) 0.47
Median day of central venous catheter removal 7 7 057
(range; IQR) (1-19; 3.0) (1-33; 4.0) ;
Number of patients with central venous catheter 61 (95.3) 58 (93.5) 0.71
Median day of arterial catheter removal 1 2 0.01%
(range; IQR) (0-7;1.0) (1-8;2.0) N
Number of patients with arterial catheter 55 (88.7) 59 (95.1) 0.11
Median day of foley catheter removal 4 5 0.01*
(range; IQR) (1-11; 3.0) (1-3; 3.0) .
Number of patients with foley catheter 61 (95.3) 57 (91.9) 0.7
Median day of nasogastric tube removal 1 1 042
(range; IQR) (0-3; 0.0) (0-3; 0.0) .
Number of patients with nasogastric tube 54 (84.4) 57 (91.9) 0.67
Median day of EF drain removal 7 7 081
(range; IQR) (4-32;2.0) (5-55; 2.0) )
Number of patients with EF drain 49 (76.5) 55 (88.7) 0.07
Median day of first intake of liquid nutritional supplement 7 5 1%
(range, IQR) (2-14; 4.0) (4-10; 2.0) <0.000
Median day of first intake of soft diet 6 6 0.62
(range, IQR) (2-15; 1.0) (3-7;1.0) .
Median day of first intake of full diet 9 8 034
(range, IQR) (6-16; 3.0) (6-46; 4.0) )
Median day of full mobilization 1 1 075
(range; IQR) (0-2; 0.0) (0-5; 0.0) .
X 1 1

Pre-CP Group = Pre-Clinical pathway group; CP group = Clinical pathway group; PDA = peridural anesthesia; IQR
= interquartile range; EF = easy flow; X = missing data; * = p-value < 0.05.

2.3. Outcome Quality

Table 3 summarizes the results for outcome quality. There were two postoperative fatalities in the
pre-CP group. Cause of death was respiratory failure following aspiration pneumonia in one case
and multiorgan failure caused by sepsis following anastomotic leakage in the other. In the CP group,
four patients died due to multiorgan failure caused by sepsis: one caused by duodenal stump leakage
with severe peritonitis, one caused by aspiration pneumonia and myocardial infarction, one due to
anastomotic leakage, and one due to bowel leakage with severe peritonitis.

Regarding outcome quality, groups differed significantly in three parameters. Median length
of hospital stay (LOS) in the intermediate care and intensive care units was significantly shorter in
the pre-CP group than the CP group (median stay 2.0 vs. 3.0, p = 0.0005; and 0.0 vs. 0.0, p = 0.01,
respectively). The median of the highest measured visual-analogue-scale (VAS) pain score was
significantly lower in the pre-CP group (5 compared to 6 in the CP group; p = 0.03). The readmission
rate was higher in the pre-CP group (7.8% vs. 0; p = 0.05). No differences could be observed between
groups with regard to postoperative morbidity and mortality. Additionally, groups did not differ
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regarding the summary measures for specific complications. The discharge goal of the CP could not be
obtained and LOS did not differ between groups.

Table 3. Parameters of outcome quality.

Patient Characteristic Pre-CP-Group (n=64) %  CP-Group (n=62) %  p-Value
Readmission 5(7.8) 0(0.0) 0.05
Mortality 2(3.1) 4(6.5) 0.43

Postoperative morbidity according to the

Clavien-Dindo classification 0.68
Grade 0 20 (31.3) 14 (22.6)
Grade I 7(10.9) 5(8.1)
Grade IT 21 (32.8) 24 (38.7)
Grade IITA 10 (15.6) 10 (16.1)
Grade I1IB 2(3.1) 4(6.5)
Grade IVA 1(1.6) 1 (1.6)
Grade IVB 1(1.6) 0
Grade V 2(3.1) 4(6.5)
Revisional surgery 2 (3.1) 6(9.7) 0.16
Postoperative pneumonia 6(9.4) 7 (11.3) 0.77
Postoperative pleural effusion 18 (28.1) 10 (16.1) 0.13
Postoperative wound infection 2(3.1) 7 (11.3) 0.09
Anastomotic dehiscence (esophagojejunostomy) 2(3.1) 3 (4.8) 0.67
Duodenal stump leakage 0 (0.0) 2(3.2) 0.24
Postoperative pancreatic fistula 4(6.3) 7 (11.3) 0.35
Patients received postoperative RBCC transfusion 15 (23.4) 13 (21.0) 0.83
Median number of postoperative transfused RBCC 0 0 07
(range, IQR) (0—4; 0.0) (0-6; 0.0) :
Median number of highest VAS-score of pain 5 6 003 %
(range) (0-10; 3.0) (0-10; 3.0) :
X 2 0
Analgesics requested (mean number of supplemental 0.24 031
requested doses during hospital stay) ’ ’ 0.31
(range) (0-1.54) (0-2.25)
Median day of first defecation 4 3 092
(range, IQR) (2-8; 1.0) (1-7;2.0) :
Median length of stay in IMC 2 3 0.0005 *
(range, IQR) (1-26; 2.0) (1-47; 4.0) :
Median length of stay in ICU 0 0 0.01 %
(range, IQR) (0-29; 0.0) (0-31; 0.0) ’
Median length of stay 16 16 0.66
(range, IQR) (8-55; 10.0) (9-63; 11.0) -

Pre-CP-Group = pre-clinical pathway group; CP-Group = clinical pathway group; VAS = visual analogue scale;
IMC = intermediate care unit; ICU = intensive care unit; RBCC = red blood cell concentrate; IQR = interquartile
range; * = p-value < 0.05.

3. Discussion

This study assessed the effects of an oncological gastrectomy CP with regard to parameters of
perioperative process and outcome quality. Because gastric surgery and the associated perioperative
care are complex, it should only be done in a specialized setting by dedicated and experienced
surgeons. A reduction in perioperative mortality has been observed in recent years. However,
procedure-associated morbidity remains high and this is a relevant issue for patients and treatment
teams [19,20]. The fact that much older and severely co-morbid patients, as well as patients in
advanced tumor stages and with compromised performance status are resected might partly explain
this fact [3-5]. Nevertheless, high morbidity and mortality might also be associated with insufficient
standardization of perioperative treatment, and in particular with so called “failure to rescue”, a
situation in which emerging complications are not detected and managed appropriately, resulting
in the death of the patient [2,21-24]. Therefore, this study was designed to assess if implementing
an oncological gastrectomy CP resulted in increased standardization of perioperative treatment and
improved the process and outcome quality. Given that the relevant evidence is almost exclusively
related to Asian countries [14,18,25], we conducted a study in a Germany tertiary care center.
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In order to measure protocol adherence, process quality parameters were used as key performance
indicators. Following CP implementation, we detected an improvement in some of these parameters,
while others remained unaltered or even worsened.

A meta-analysis has shown that early enteral nutrition is associated with lower mortality
and a shorter hospital stay after gastrectomy [26]. We observed a significantly earlier intake of
liquid nutritional supplement, and a non-significantly earlier intake of soft and full diet after CP
implementation. The incidence of postoperative pneumonia can be decreased by the use of incentive
spirometers [27]. All patients used incentive spirometers after CP implementation, compared to
only 90% in the pre-CP group. The fact that postoperative pneumonia did not decrease after CP
implementation is therefore rather surprising. One potential explanation could be that more ASA
III patients, who have a higher baseline risk for acquiring pneumonia, were operated on after CP
implementation (56.1% vs. 46.7%). Given that ascending infections are related to indwelling catheters,
early removal should be aimed for [28-30]. In our study, however, the median day when abdominal
drains as well as peripheral and central venous catheters, epidural catheters and nasogastric tubes
were removed remained unchanged after CP implementation. Drain fluid was checked for its amylase
concentration on postoperative day 5 in all patients. Drains remained in situ in case of an elevated
concentration. Therefore, a potential explanation for the delayed easy flow (EF) drain removal might
be the higher proportion of pancreatic fistula in the CP group, with 11.3% vs. 6.3% for the pre-CP
group, as well as duodenal stump leakage rate (3.2 vs. 0). In contrast to what was expected from
CP implementation, two parameters showed an apparent decrease regarding their process quality.
Foley and arterial catheters were removed on average one day later in the CP group. One hypothetical
explanation for the delayed removal in patients treated with the CP could be that they stayed on
average one day longer in intermediate care and intensive care units. A higher proportion of associated
procedures and co-morbid patients could explain this fact.

Perioperative morbidity and mortality were not significantly different before and after CP
implementation. While the 30-day mortality rate is frequently used, we employed the in-hospital
mortality rate to account for prolonged treatment courses, which are common nowadays given
advanced intensive care and interventional techniques. In-hospital mortality was 6.5% in the CP and
3.1% in the pre-CP group. This two-fold increase in mortality after CP implementation is worrisome.
However, this observation is based on only two additional postoperative fatalities in the CP group,
and the difference is not statistically significant. The result might therefore be spurious and must be
interpreted with much caution. In comparison, the overall postoperative morbidity rate according to
the Clavien-Dindo classification in our patients seems high. This can possibly be explained by the fact
that this scheme counts every deviation from what is considered a normal postoperative course as a
complication. Consequently, only 14 patients in the CP and 20 in the pre-CP group were classified as
being without complications in our study.

The Enhanced Recovery After Surgery (ERAS®) society published perioperative care guidelines for
gastrectomy [31]. These guidelines contain 25 care items compared to 23 items in our CP. Comparing the
two documents, 17 recommendations are very similar, while six recommendations given by the ERAS
guidelines are not included in our CP. Examples are as follows: surgical access type, transversus
abdominis plane (TAP) block or the use of wound catheters, skin preparation, preanesthetic medication,
prophylaxis for postoperative nausea and vomiting (PONV), and oral bowel preparation. In contrast
to the ERAS guidelines, our CP comprises recommendations regarding vitamin B12 substitution,
catheters, transfusion and nursing and rehabilitation. Possible future revisions of the CP should
incorporate the evidence-based ERAS guidelines.

While the results regarding process quality were encouraging, three parameters related to outcome
quality deteriorated after CP implementation. The LOS in the intermediate and intensive care units
was significantly longer in the CP group. Moreover, the median of the highest visual-analogue-scale
(VAS) pain score was significantly lower in the pre-CP group. This result is rather unexpected, given
that the CP included a dedicated analgesia scheme according to recent recommendations. It also
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included epidural catheter placement, which was carried out in the overwhelming majority of patients.
Additional oral analgesics were administered in a stepwise, pain-adjusted manner, so that there is no
obvious explanation for higher pain levels in patients treated according to the CP. Therefore, a clear
explanation for higher pain levels in the CP group is lacking. Hypothetically, nursing staff might have
been more aware of possible postoperative pain after CP implementation, and consequently tended to
carry out more accurate pain assessment, leading to a higher reported pain level. This would also
explain why the stipulated goal of epidural catheter removal on day 3 was not met. This scenario could
be regarded as ascertainment bias. On the other hand, extra requests for analgesics from patients did
not differ between the groups treated with or without CP. This indicates that the stipulated analgesia
scheme was quite sufficient. Inadequate pain management can lead to impaired mobilization, an
increase in LOS, and ultimately, to elevated perioperative morbidity, particularly with regard to
pulmonary complications.

CPs should also avoid excessively long LOS without medical reasons. In this study, we did not
observe a decrease in LOS after CP implementation. However, a relevant variation in LOS was seen
between individual patients. The stipulated goal for LOS in our CP might have been too ambitious,
because it was clearly below the LOS reported in larger studies [14]. Moreover, the study comprised
all consecutive patients, including those with severe postoperative complications. This may explain
the large variation and exceedingly long LOS of some patients. The readmission rate was higher in the
pre-CP group, which shows that patients treated with the CP were not discharged inappropriately early.

In summary, the implementation of a CP for oncological gastrectomy at our institution did not lead
entirely to the results that were expected based on studies on gastrectomy CPs in Asian settings [32,33],
and on studies on CPs for other procedures in abdominal surgery at our institution and in other
settings [13,34—40]. The reasons for this apparent difference in the efficacy of gastrectomy and other
abdominal surgery CPs can only be speculated on. It is known that the biology of the disease and care
for patients undergoing gastrectomy for gastric cancer in Asia shows important differences compared to
European settings [41], but it remains unclear which specific factors might have determined the lack of
efficacy of our CP. Moreover, oncological gastrectomy potentially demands more complex perioperative
care than other abdominal procedures, for which CPs have led to pronounced improvements in process
and outcome quality [13,34—40,42,43]. From the results of this study, it is difficult to conclude if the
lack of efficacy was mainly due to limited adherence to the CP, or due to its suboptimal content and
design for the given setting.

One of the strengths of our study is that it included all consecutive patients undergoing oncological
gastrectomy before and after CP implementation. This is comparable to the “intention to treat principle”
in randomized trials. In the case where the individual goals of the CP were not met, the patient was not
taken “off the pathway”. All patients who entered the study were analyzed regardless of deviations
from the CP or possible complications. Therefore, selection bias is highly unlikely.

There are several methodological limitations inherent to the study. Its design is retrospective and
included a single center. Moreover, we used chart review to collect data. This could compromise the
validity of the data. Furthermore, the small sample size could bias the results. Documentation was
not fully complete for all patients with regard to some variables and consequently, these could not be
used for the analyses. Although selectively missing documentation is unlikely, bias could result. A
crossover or, in other words, contamination bias could have occurred during the development and
implementation phase of the CP. Health professionals who were part of the development team could
have used their knowledge of the CP content prior to its implementation in October 2012. To counteract
such issues, the CP was actually designed and implemented over only three months. Due to the
study design with two groups of patients operated on before and after a defined time point, i.e.,
implementation of the CP, patients were operated on during different periods. The treatment during
these periods might have been different (beyond the usage of the CP) because of other factors that
influenced the process and outcome quality. For example, it is indisputable that surgical technique,
and the skills as well as the experience of the individual surgeon have an effect on perioperative
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outcomes [44]. During the four-year study period, the surgeons who were in charge of and operated
on patients changed. Therefore, surgical performance bias cannot be excluded.

Another weakness of our study is that not all stipulated goals were achieved after CP
implementation. This suggests that not all team members adhered to the CP protocol. The main
reasons for non-adherence to the main subitems have been explained above. Possibly, the addition
of a dedicated study nurse to the CP team, and the introduction of an electronic CP could overcome
non-adherence to the CP recommendations. The study nurse could promote protocol adherence and
discuss the reasons for non-adherence with the appropriate caregivers. The use of an electronic CP
checklist, with reminders in case of protocol deviation, could increase adherence, and thus potentially
improve process and outcome quality.

Most of these limitations would have been avoidable if the study had been conducted as a
randomized controlled trial. However, this is hardly feasible for studies evaluating CP usage in a
single center because it usually requires cluster randomization [36,45].

4. Materials and Methods

4.1. CP Design, Implementation, and Content

Since 2006, the Department of Surgery, University Medical Center Mannheim, Medical Faculty
Mannheim, Heidelberg University has implemented CPs for different surgical procedures in a stepwise
manner [34-40,42,43,46,47]. In October 2012, a CP for oncological gastrectomy was introduced.

This CP is based on CPs for colorectal and bariatric surgery that incorporate ERAS elements.
Both have been previously evaluated [36,43]. Specific elements were adapted to modify the CP for use
in oncological gastrectomy. Both the original colorectal and the gastrectomy CP are based on published
treatment and nursing recommendations. Furthermore, the best available evidence at the time of CP
design was incorporated. The CP was designed and then implemented by a multi-hierarchical and
interdisciplinary (anesthesiology, surgery, nutritional services, physiotherapy) team.

A literature review was done to identify current evidence on perioperative treatment elements.
Subsequently, institutional standards that existed before, were integrated. Finally, all project participants
agreed to the final CP version in a consensus meeting. Prior to the definitive implementation, all
involved disciplines were trained to use the CP. After implementation of the CP, continuous efforts
were made to enable further development and improvements of the CP based on suggestions made
by staff.

A full version of the CP is provided in the online Supplementary Materials (Table S1). Its main
contents are as follows: (1) hospital admission scheduled for the day before surgery; (2) epidural
catheter placement; and (3) a stepwise oral pain medication scheme, based on non-opioids for all
patients and on demand medication of potent opioids. Postoperatively, patients were transferred to
a surgical intermediate care unit for at least one night. ICU admission took place only if deemed
necessary by the surgeon and/or anesthesiologist. All patients were encouraged to drink sweetened
tea until two hours prior to scheduled full anesthesia. An oral toluidine blue swallowing test was
stipulated for postoperative day five. Drains were removed in case of a negative blue test and if
respective enzyme levels in the drain fluid were not elevated (target drain: amylase <250 U/l in
drain fluid). Detailed instructions on how to use an incentive spirometer were provided to patients.
The stipulated day of discharge was postoperative day seven. Outpatient follow-up appointments were
scheduled within 14 days after discharge. Patients were told to consult our emergency room in case of
clinical irregularities. The rationale for incorporating the individual elements into the CP was that they
were thought to either enhance recovery and thus shorten hospital stay, or to improve perioperative
outcomes such as decreasing the risk of complications. Some of the elements (preoperative nutrition
and smoking cessation, preoperative fasting and treatment with carbohydrates, epidural catheter
placement, antithrombotic prophylaxis, antimicrobial prophylaxis, avoidance of hypothermia, glycemic
control, urine catheter management, fluid balance, early and scheduled mobilization, and stimulation
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of bowel movement) are recommended in the consensus guidelines for enhanced recovery after
gastrectomy of the Enhanced Recovery After Surgery (ERAS®) Group [31]. The perioperative analgesia
scheme was endorsed by national guidelines. Other CP elements such as the oral toluidine blue
swallowing test and abdominal drain management were based on pre-existing institutional standards,
which were not backed by higher-level evidence. The targeted length of hospital stay was based on the
minimum stay for oncological gastrectomy defined in the German DRG system [48].

The CP was designed as a four-page paper-based document containing all designated treatment
steps for each pre- and postoperative day. CPs were kept with patients’ treatment charts, and therefore
they were constantly available for all involved staff members.

4.2. Study Design

The study used a single-center retrospective cohort design. All consecutive patients undergoing
elective oncological gastrectomy were included. The intervention group (CP group) comprised all
patients operated on after CP implementation in October 2012 until September 2014. The control group
(pre-CP group) included patients operated on before CP implementation (May 2010 to September
2012). No formal sample size calculation was done. Data were obtained by means of retrospective
chart review.

Patients in the pre-CP group were treated according to the individual judgment and decisions
taken by the treating surgeons. Several semiformal standards for selected elements of care (e.g., early
removal of catheters, epidural analgesia and early mobilization) had been in place and were used prior
to CP implementation, but there was no comprehensive tool covering the entire treatment continuum.
In the CP group, all patients were treated according to the CP.

The study was approved by the ethical committee of the Medical Faculty of Mannheim of the
University of Heidelberg (2015-823R-MA). Because of its retrospective nature, the requirement for
informed consent to review medical records was waived by the ethical committee. Confidentiality of
patient data was ensured. The study was conducted in compliance with the Declaration of Helsinki.
Neither the individual de-identified participant data, nor the specific data are intended to be shared
by the authors. The CP documents will be accessible indefinitely as online supplementary data. The
study has been registered with the German Clinical Trials Register (DRKS00020323).

4.3. Patient Characteristics

Demographic and clinical characteristics included age, sex, and preoperative status of patients
according to the American Society of Anesthesiologists (ASA) physical status classification [49],
underlying disease, administration of neoadjuvant chemotherapy, tumor location, and serum albumin
levels upon preoperative admission. Histopathological data were analyzed by the Department of
Pathology, Universititsmedizin Mannheim, Mannheim, Germany according to the 7th version of the
TNM-classification [50].

4.4. Surgery

Both before and after CP implementation, surgery was carried out by dedicated upper GI surgeons
with more than four years” experience. To achieve R0O-resection, patients received either total, distal
or completion gastrectomy, depending on the anatomic location of the tumor and possible previous
gastric operations. There were no laparoscopic resections. Associated procedures were performed
when necessary. The gastrointestinal passage was preferably reconstructed using a long Roux-en-Y
loop. Esophagojejunostomy was performed with a 25 mm circular stapler whereas gastrojejunostomy
was hand sewn. A D2 lymphadenectomy according to the guidelines of the Japanese Gastric Cancer
Association should be performed in all patients.
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4.5. Study Outcomes

Process and outcome quality were defined according to the Donabedian model [51,52]. Process
quality was considered as the adherence to treatment specifications as detailed in the CP and was
assessed using the following parameters: day of removal of the foley catheter and epidural catheter,
placement of central venous line and epidural catheter, postoperative mobilization, day of removal of
intra-abdominal drainage and nasogastric tube, day of oral toluidine blue test, and day of resumption
of liquid and solid diet.

Outcome quality was measured with the following parameters: morbidity, mortality, reoperation
rate, LOS stratified by the presence or absence of complications, day of first postoperative defecation,
pain level on a numeric rating scale and readmission rate. Morbidity was assessed according to the
Clavien-Dindo classification of postoperative complications [53]. Deaths were counted as postoperative
if they occurred during the hospital stay or during readmission. Surgical site infections were ascertained
according to the Centers for Disease Control and prevention (CDC) definition [54]. Readmission was
counted as such if it occurred no later than 30 days after initial discharge and if it was considered to be
related to a postoperative problem.

4.6. Statistical Analysis

All outcomes were compared between the CP and pre-CP group. Missing values were not counted
in the analyses with no imputation of missing values having been performed. Dichotomous variables
were compared between groups using the chi-square test. Ordinal variables were compared using
the Student’s -test if they were normally distributed and the Mann-Whitney U-test if they were not
normally distributed. For not normally distributed variables, the median was used for descriptive
analyses. For normally distributed variables, the mean was used. p-values <0.05 were considered
statistically significant. There was no adjustment for multiple testing. SAS 13.2 (Cary, NC, USA) was
used for all statistical analyses.

5. Conclusions

This study showed that using a CP for oncological gastrectomy affects several aspects of
perioperative treatment. A high degree of process standardization was achieved and the uptake
of respiratory training and the timely initiation of enteral nutrition was ensured. Other expected
changes such as better pain control, earlier mobilization and shorter LOS were not realized after
CP implementation. Outcome quality measured with perioperative morbidity and mortality did
not change after CP implementation. In conclusion, an oncological gastrectomy CP can be used to
standardize perioperative care, but its utility must be carefully weighed against the anticipated cost
and effort required for implementation and continuous development.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/2/434/s1,
Table S1: Clinical Pathway for oncological gastrectomy used in the CP group of the study.
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Simple Summary: Although introducing minimally invasive surgery reduced postoperative
morbidity after esophagectomy esophageal cancer still is a malignancy with poor prognosis. This study
aimed to investigate whether preoperative sarcopenia has an influence on short-term postoperative
outcome after esophagectomy in esophageal cancer patients. Our findings suggest that preoperative
sarcopenia is no independent prognostic factor for postoperative outcome after esophagectomy but
that patients’ nutritional status consists of more factors than only body mass index (BMI) and muscle
mass. Prehabilitation and preoperative optimization of the patients’ nutritional status seems to be an
important factor for short-term postoperative outcome after esophagectomy.

Abstract: By introducing minimally invasive surgery the rate of postoperative morbidity in esophageal
cancer patients could be reduced. But esophagectomy is still associated with a relevant risk of
postoperative morbidity and mortality. Patients often present with nutritional deficiency and
sarcopenia even at time of diagnosis. This study focuses on the influence of skeletal muscle
index (SMI) on postoperative morbidity and mortality. Fifty-two patients were included in
this study. SMI was measured using computer tomographic images at the time of diagnosis
and before surgery. Then, SMI and different clinicopathological and demographic features were
correlated with postoperative morbidity. There was no correlation between SMI before neoadjuvant
therapy (p = 0.5365) nor before surgery (p = 0.3530) with the short-term postoperative outcome.
Regarding cholesterol level before surgery there was a trend for a higher risk of complications with
lower cholesterol levels (p = 0.0846). Our findings suggest that a low preoperative SMI does not
necessarily predict a poor postoperative outcome in esophageal cancer patients after esophagectomy
but that there are many factors that influence the nutritional status of cancer patients. To improve
nutritional status, cancer patients at our clinic receive specialized nutritional counselling during
neoadjuvant treatment as well as after surgery.

Keywords: skeletal muscle index; esophagectomy; nutritional status; sarcopenia

1. Introduction

Esophageal cancer is the eighth most common type of malignancy worldwide. As diseases
like reflux and obesity are increasing worldwide, the incidence of Barrett’s esophagus as well as the
incidence of esophageal adenocarcinomas have been increasing during the last decades. Although the
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outcome after curative multimodal therapy for esophageal cancer improved in the last decades,
esophageal cancer still has a poor prognosis with a 10-year survival rate of approximately 16-17% and
5-year survival rate of approximately 20% [1,2].

By introducing minimally invasive procedures including the robot-assisted esophagectomy the
rate of postoperative morbidity after esophagectomy could be reduced [3,4]. But esophagectomy is still
associated with a relevant risk of postoperative morbidity, especially respiratory complications
and anastomotic leakage including the risk of mediastinitis [5,6]. Thirty-day mortality after
esophagectomy ranges between 1% and 3% and is mostly a result of postoperative complications.
Postoperative complications affect short-term but also long-term survival as well as quality of life [6-8].

The Esophageal Complication Consensus Group presented an evaluation of 2704 patients with
an overall complication rate of 59%. In an evaluation of 1057 total minimally invasive transthoracic
esophagectomies, 56% of the patients developed at least one complication after surgery of which 26.9%
were classified as Clavien Dindo grade III or more [6,9].

There are a number of studies identifying risk factors for a poor short-term outcome after
surgical resection of esophageal carcinomas, such as high age, congestive heart failure, coronary artery
disease, peripheral vascular disease, hypertension, body mass index <25 kg/mz, and insulin dependent
diabetes [10,11].

It has also been shown that the patient’s nutritional status (including serum albumin, body mass
index, muscle mass) plays an important role in determining patient outcome after surgery [12-14].
Patients with esophageal cancer often present with advanced disease and an impaired nutritional
status due to dysphagia and cancer cachexia [15-17]. A good nutritional status before surgery has been
proven to reduce the hypermetabolic response to surgery and to optimize wound and anastomotic
healing and recovery [18-20].

Sarcopenia is defined by the European Working Group on Sarcopenia in Older People as low
skeletal muscle mass and strength and is a risk factor for surgical patients in general [21,22]. It is also
known as a possible risk factor for morbidity and poor prognosis after esophagectomy and could
already be shown with a widespread prevalence, ranging from 16% to 79% before surgery [23-26].

A tool to measure skeletal muscle depletion is the skeletal muscle index (SMI). The skeletal
muscle mass can be measured as cross-sectional area of the total skeletal muscle volume (cm?) at L3 in
computertomographic images. The SMI is calculated as total skeletal muscle volume (cm?)/height?
(m?) [27,28]. It has been shown to be a prognostic factor independent from the body mass index (BMI)
in oncologic patients [29].

Due to these findings the oncological patients at the Surgical Department of the University
Hospital Mannheim are encouraged to take part in nutritional consulting at our clinic or at other
specialized practices before and after surgery. Our clinic uses standardized protocols, guided by
“Enhanced recovery after surgery”“(ERAS) protocols, to improve postoperative outcome and length of
hospital stay [30-33].

As a patient’s nutritional status before surgery seems to play a major role for short term outcome,
the aim of our study was to investigate whether sarcopenia, at the time of diagnosis or before surgery
as well as BMI and serum albumin levels are risk factors for postoperative mortality and morbidity
after minimally-invasive or robot-assisted esophagectomy.

2. Results

52 patients were included in the study. The demographic and clinicopathological data of these
patients are presented in Table 1. Of the 52 patients in one patient the tumor could not be resected.

Twenty-eight patients (54%) were seen by the nutritional expert at our department preoperatively.
All patients were seen by the nutritional expert postoperatively. Shakes with high concentration
of proteins were advised to all patients preoperatively. Ten patients (19.2%) needed intravenous
nutrition preoperatively.
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Table 1. Demographic and clinicopathological characteristics of patient cohort.

Clinicopathological/Demographic Features Characteristics Total (n = 52)
S Female 7 (13.5%)
ex Male 45 (86.5%)
Mean 67.4 +12.0
Age (years) <65 years 19 (36.5%)
>65 years 33 (63.5%)
scc 17 (32.7%)
) AEGI 17 (32.7%)
Histopathology AEGII 17 (32.7%)
AEG IIT 1(1.9%)
0 7 (13.73)
1 11 (21.6%)
(y)pT 2 6 (11.8%)
3 25 (49.0%)
4 2 (3.9%)
0 28 (55.0%)
1 12 (23.5%)
(y)PN 2 5 (9.8%)
3 6 (11.8%)
X 50 (96.1%)
(y)pM 1 2 (3.9%)
RO 50 (96.2%)
Restatus R1 2 (3.8%)
: Median 21
Lymph node resection (number) Range 12-56
. Median 0.07
Lymph node ratio Range 0-0.61
Cardiac 28 (53.9%)
. . Pulmonary 6 (11.5%)
Previous diseases Diabetes 3(5.8%)
Other types of cancer 10 (19.23%)
Preoperative chemotherapy 48 (92.3%)
DaVinci-assisted 26 (50%)
Type of Surgery Laparoscopic 20 (38.5%)
Open 6 (11.5%)
. . 0-3a 36 (69.2%)
Clavien Dindo ~3a 16 (30.8%)
. - Median 26.2
CCI (Comprehensive Complication Index) Range 0-100

Mean albumin level was 35 + 4.7 g/dL, mean cholesterol level (199.83 + 48.18) mg/dL.

In 6 patients (11.5%) a totally minimal invasive approach was not possible, two patients had to be
converted to open surgery (conversion rate 3.8%).

Mean duration of surgery was 445 min (range 303-770).

2.1. Skeletal Muscle Index

The skeletal muscle index (SMI) ranged from 29.7 to 62.6 cm?/m? at time of diagnosis and from
31.9 to 62.5 cm?/m? before surgery (mean values (47.7 + 8.6 cm?/m? and 42.1 + 7.0 cm?/m? respectively)).

Applying the cut-offs for sarcopenia used by Prado et al [34]. Of the patients, 54.3% were
sarcopenic at time of diagnosis and 87.5% before surgery.
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A moderate correlation was detected between BMI and SMI (r = 0.69855, p < 0.001, Pearson’s
correlation coefficient).

Results regarding SMI, weight and BMI are summarized in Table 2. BMI at diagnosis is missing in
10 patients.

Table 2. Skeletal muscle index (SMI), weight, and body mass index (BMI) at different time points.

SMI, BMI and Weight Reduction Classification Total (%)
. . Mean (cmz/mz) 47.7 + 8.6
SMI at D
o agnosts Range (m%m?)  29.7-62.6
Mean (cm?/m?) 421+7.0
SMI bef
elore stgery Range (cm?/m?) 31.9-62.5
Reduction of SMI Mean (cm?/m?) 33+42
0-5% 16 (51.6%)
Reduction of SMI >5% 9 (29.0%)
<0% 6 (19.4%)
0-5% 12 (29.3%)
Reduction of weight >5% 11 (26.8%)
<0% 18 (44%)
. . Mean (kg/m?) 25.87 (+3.75)
BMI at d
o chagnosts Range (kg/m?) 19.6-34.6
Mean (kg/m?) 25.34 (+3.9)
BMI bef
etore surgery Range(kg/m?) 18.37-34.94
<20 kg/m? 2 (5%)
2 o,
BMI at diagnosis 20-25 kg/m 18 (45%)
25-30 kg/m? 16 (40%)
>30 kg/m? 4 (10%)
<20 kg/m? 2 (3.9%)
2 o,
BMI before surgery 20-25 kg/m 25 (48.1%)
25-30 kg/m? 17 (32.7%)
>30 kg/m? 8 (15.4%)

2.2. Short Term Postoperative Outcome

Short term postoperative outcome was defined as complications during hospital stay and
complication associated mortality.

The median length of hospital stay was 17.5 days (range 6-114 days), the length of stay at the
Intensive Care Unit ranged from one to 77 days (median 17.5 days).

One patient died during the first 30 days after surgery (30-day mortality 1.9%). The 90-day
mortality in our cohort did not differ from this value because there were no other patients who died
within 90 days after surgery.

Four patients died because of complications of surgery, three of those after 90 days after surgery
(complication associated mortality 7.69%).

The general complication rate was 59.6% (31 patients in total). Twenty-six patients had surgical
complications (50%), of those 16 patients suffered from anastomosis insufficiency (30.8% anastomosis
insufficiency rate). Twenty-three patients suffered from medical complications (44.2%), including cardiac
complications (21.2%) and pulmonary complications (32.7%).

There was no correlation between SMI before neoadjuvant therapy nor before surgery with
short-term postoperative outcome (p = 0.5365, p = 0.3530 respectively, ¢-test).

The BMI also had no influence on postoperative morbidity: p = 0.4228 (BMI before
diagnosis), p = 0.1673 (BMI before neoadjuvant treatment), p = 0.2810 (BMI before surgery), t-test.
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Regarding cholesterol level before surgery there was a trend for a higher risk of complications with
lower cholesterol levels ((207 + 55) mg/dL vs. (191 + 38) mg/dL, p = 0.0846, t-test).

Other factors such as patient age (p = 0.4361, t-test), sex (p = 0.6872, Fisher’s exact test), history of
cardiac disease (p = 0.8615, Chi-square-test), history of pulmonary disease (p = 1.0, Fisher’s exact
test), tumor stage ((y)pT: p = 0.7241, (y)pN: p = 1.0, Cochran—-Armitag-test), and preoperative albumin
levels (p = 0.3747, t-test) had no statistically significant influence on short-term postoperative outcome.
The duration of surgery however correlated with the incidence of complications (p = 0.0034, t-test) as
patients who had longer times of surgery showed a higher risk for complications (466 vs. 392 min).
Patients who had another type of cancer before developing esophageal cancer also suffered more often
from complications (p = 0.0049, Chi-square-test).

3. Discussion

Our findings suggest that a low preoperative SMI does not necessarily predict a poor postoperative
outcome in esophageal cancer patients after esophagectomy. Neither BMI before neoadjuvant therapy
nor before surgery shows a correlation with postoperative outcome in our patients’ collective. Only one
patient presented with a BMI <20 kg/m?. This might be due to patient selection. We included in our
analysis only patients who were eligible for a thoracoabdominal surgical approach, which means that
they were in a sufficient general status of health to tolerate one-lung-ventilation. We also checked
all patients for nutritional deficiencies and sent them to a nutritional expert, which explains why the
body weight difference between the time of diagnosis and the time of surgery is quite low and which
could also explain the missing impact of BMI and SMI in our patients’ collective. Often it is during
neoadjuvant treatment that patients lose weight and muscle mass [35]. In our patients” collective
the mean BMI before and after neoadjuvant treatment did not differ (25.87 and 25.34 kg/m?) and
most of the patients (70.95%) did not have a significant reduction of SMI (70.95% had less than 5%
reduction). Of the patients, formula increase of SMI during neoadjuvant treatment. This shows that an
improvement in patients’ general status during neoadjuvant treatment is feasible.

As the number of patients in this cohort was relatively low it is also possible that in a greater
cohort an effect of preoperative SMI on postoperative outcome might also be greater. Nevertheless,
we could not see even a trend to significant correlations between SMI and complications and also there
are other studies that showed similar results concerning this topic [36,37].

The level of cholesterol seems to be associated with the short-term postoperative outcome in our
patients’ collective, which underlines the importance of the nutritional status. The results are not
statistically significant but this could be due to the relatively low number of patients included.

Malnutrition in esophageal cancer patients is caused by dysphagia and a reduced food intake but
also by cancer cachexia, which is induced by systemic inflammation. Cachexia leads to loss of body
weight, body fat, and skeletal muscle mass. The molecular mechanisms of cachexia are still not fully
understood, additionally there exists no consistent definition [38].

It should be mentioned that only one third of our patients had a squamous cell carcinoma
(SCQC). Patients with SCC normally present with a more advanced malnutrition than patients with
an adenocarcinoma of the esophagus as malnutrition is often already present before diagnosis of
the tumor.

Different studies showed significant relations between sarcopenia and poor outcome after surgery
such as the study by Elliot et al. that showed that sarcopenia is significantly associated with major
complications after surgery or the study by Jarvinen et al. that showed a correlation with worse overall
survival [14,25,35,39-41].

Grotenhuis et al. and Siegal et al. on the other hand could not find any correlations between
sarcopenia and postoperative complications or survival rates [36,37]. Nakashima et al. could find a
significant correlation between sarcopenia and higher anastomotic leakage rates and also between
sarcopenia and worse overall survival but these significant results were only present in a subgroup of
patients older than 65 years [42].
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The definition for sarcopenia is not consistent. Some studies define their own cut-offs. We used
the most common cut-offs suggested by Prado et al [34], resulting in a rate of sarcopenia of 87.5% after
neoadjuvant therapy. There is a huge variation in the prevalence of sarcopenia in esophageal cancer
patients in the literature, varying from 16% to 75% [43].

Nevertheless, the latest meta-analysis by Papaconstantinou et al. showed a significant increase in
overall morbidity, respiratory complications and anastomotic leaks in esophageal cancer patients with
sarcopenia after esophagectomy. There were no statistically significant differences in overall mortality
or Clavien-Dindo grade III or greater complications between patients with low and patients with
normal SMI [44].

Although our findings contradict many studies that showed significant correlations between
sarcopenia and higher complications or lower over-all survival there are other studies that support
our findings.

There are some other important aspects of our patient cohort that should be illuminated. It has
already been proven that prehabiliation and preoperative optimization of nutrition in cancer patients
leads to better outcome and better quality of life after cancer surgery [45,46]. Nutrition goals include
an adequate nutritional intake to prevent loss of muscle mass, modulate inflammation and the immune
response, optimize glucose control, reduce the hypermetabolic response to surgery, and provide
nutrients to optimize wound and anastomotic healing and recovery [18-20,47-50].

As mentioned above our cancer patients are provided with professional advice by specialized
nutritional counsellors before and after surgery to improve their fitness and nutritional. This includes
provision of protein shakes, dietary plans and even parenteral feeding if necessary.

It also has been shown that standardized protocols like ERAS protocols for surgical cancer patients
lead to shorter in-hospital stays, decreased complications and longer overall survival [31-33,51].
Therefore, our clinic uses standardized pathways for esophageal cancer patients to improve
postoperative outcomes of esophageal cancer patients.

This aspect of our preoperative treatment might be the reason for the absence of significant
increase of postoperative morbidity or mortality in sarcopenic patients. One aspect that should be
evaluated in further trials is, whether the outcome of esophageal cancer patients can be improved by
introducing prehabilitation programs.

The presented study has some limitations. It is retrospective in nature. This increases the risk
for systemic errors and selection bias. The number of patients included in this study (n = 52) is
relatively low which may affect its statistical power, especially in regard to complication rates and
specific complications.

4. Materials and Methods

4.1. Patient Selection and Study Design

The Surgical Department of the University Hospital Mannheim of Heidelberg University is
a certified centre for esophageal surgery. A detailed clinico-pathologic database is prospectively
maintained for all patients with esophageal cancer since January 2018 including data on short-term
postoperative outcome. In this analysis we included patients having been operated between January
2018 and July 2019 in the Surgical Department of the University Hospital Mannheim of Heidelberg
University. The local ethical committee “Ethikkomission II, University of Heidelberg” gave approval
for the analysis (ethic code 2020-803R) and all patients gave written informed consent.

There were 52 patients who underwent surgery for treatment of esophageal cancer in whom
CT scans were sufficient to determine the skeletal muscle index. Of the 52 patients, 48 underwent
neoadjuvant chemotherapy before surgery (FLOT regimen).

The skeletal muscle index was measured using computer tomographic images at the time of
diagnosis as well as before surgery.
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Out of the 52 patients 13 did not have two usable computer tomographies either because they
did not undergo neoadjuvant treatment or because imaging was not done in-hospital and was not
sufficient for measurement of the SMIL

The skeletal muscle index (SMI) was calculated as the cross-sectional area of the total skeletal
muscle volume (cm?) at L3.

At the level of the third lumbar vertebra (L3) we measured the area (cm?) of the left and right
psoas major muscles, the side abdominal muscles, rectus abdominis muscles, erector spinae muscles,
and quadratus lumborum muscles using “syngo.share view diagnostic” (Siemens Healthineers,
Erlangen, Germany). Two adjacent axial images within the same series were selected, and total muscle
cross-sectional area (cm?) at L3 was determined and averaged for each patient (1).

SMI (cm?/m?) = Lean tissue areay s (cmz)/heighif2 (m?) (1)

Low SMI was defined as <52.4 cm?/m? for male patients and as <38.5 cm?/m? for female patients
according to current literature [44].

4.2. Preoperative Treatment

All patients are seen by a surgeon specialized in upper GI surgery before admission to hospital.
Education in nutrition as well as recommendation for daily physical activity and cessation of smoking is
given during the consultation. Patients with nutritional deficiency are additionally sent to a nutritional
consulting at the University Hospital Mannheim to compensate nutritional deficiencies before surgery.

Body weight, BMI, serum albumin levels, dysphagia, and subjective well-being are measured
regularly by specialized nutritional consults. If the patients are suffering from dysphagia, weight loss or
low BMI their nutritional status is treated by prescribing protein shakes, dietary plans and, if necessary
parenteral feeding.

4.3. Neoadjvuant and Perioperative Therapy

Patients with locally advanced tumors (>cT2NO0) receive neoadjuvant or perioperative treatment
according to the FLOT protocol for adenocarcinomas and according to the CROSS protocol for squamous
cell carcinomas [52].

After completion of preoperative treatment patients are reevaluated including a risk assessment
and preoperative blood management.

4.4. Surgery

Surgery is performed by minimally invasive procedure, either laparoscopic and thoracoscopic
approach or laparoscopic abdominal approach and robot-assisted thoracal approach. The decision for a
robotic approach is taken due to availability of the DaVinci robot. Resection is done according to Ivor-Lewis
procedure (right-thoracic approach). Lymphadenectomy is performed according to current guidelines
including medjiastinal lymphadenectomy and abdominal lymphadenectomy (D2 Lymphadenectomy).
Reconstruction is done by gastric conduit and side-to-side esophagogastrostomy.

4.5. Postoperative Management

To ensure a standardized treatment of patients after surgery, the postoperative hospital
management follows an in-house pathway which defines postoperative nutrition, mobilization,
drainage management, laboratory tests, and dismissal after esophagectomy.

Directly after surgery patients stay in an Intermediate Care Unit (IMCU) for at least two days to
ensure a balanced fluid management and to detect early postoperative complications as soon as possible.

Patients are encouraged to engage in light physical activity beginning on the day of surgery.
Breathing exercises are started on the first postoperative day and should be done at least every hour
for five to ten minutes.
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Increased patient self-sufficiency in the general ward helps to improve mobilization and nutrition.
Nutritional counselling is performed during hospital treatment to determine nutritional
deficiencies and to arrange nutritional support after the dismissal.

4.6. Postoperative Complications

Postoperative complications were investigated separately as surgical and medical complications
as well as complications in total. To measure complication rates the Comprehensive Complication
Index (CCI) was used as well as Clavien-Dindo classification.

The Clavien-Dindo classification is a commonly used tool with which usually the single most
severe complication occurring in a patient during a given episode of care is reported [53].

The CCl s a relatively new tool to measure complications based on the Clavien-Dindo classification.
In contrast to the Clavien-Dindo classification the CCI integrates all postoperative complications with
their respective severities, on a scale ranging from 0 (no burden from complications) to 100 (death).
The CCI is calculated by adding the weights of different complications (wC) and using a defined
formula (2) [54].

CCI = [Y(wCq+wCs ... +wCy)]24.7 ()

4.7. Statistical Analysis

For quantitative, approximately normally distributed variables, the mean and standard deviation
have been calculated. Qualitative variables are given as absolute and relative frequencies. The median,
together with range, are presented for skewed or ordinally scaled parameters. A Student’s ¢-test was
used for comparing approximately normally distributed quantitative variables. The Cochran—Armitage
test for trend was used to determine the influence of (y)pT and (y)pN categories on major postoperative
complications. For qualitative variables, a x?-test or Fisher exact test was performed, as appropriate.
To determine a correlation between BMI and SMI the Pearson correlation coefficient was determined.
All statistical tests for the comparison of 2 groups were two-tailed. In general, a test result was
considered statistically significant if p < 0.05. All statistical analyses were performed using the SAS
statistical analysis software, release 9.4 (SAS Institute Inc., Cary, NC, USA).

5. Conclusions

Our findings suggest that the nutritional status and physical fitness of esophageal cancer patients
consist of more than BMI and skeletal muscle mass but that albumin levels, cardiac health and subjective
well-being, as a consequence of adequate nutrition preoperatively, are important factors for a good
postoperative outcome.

In the era of multimodal approach to esophageal cancer, treatment should consist not only of
oncological treatment and surgery but also of a more systemic approach including patient education,
physical exercise, and nutritional support. The period between diagnosis and surgery should be used
to reduce cachexia and to better the general status of health.

Therefor prehabilitation programs as well as nutritional plans should be evaluated in clinical
studies with the aim to give a consistent recommendation for patients with esophageal cancer [55].
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Abstract: Background: The aim of this study was to evaluate postoperative morbidity, mortality,
and failure to rescue following complications after radical resection for gastric cancer. Methods:
A retrospective analysis of the surgical database of patients with gastroesophageal malignancies at our
institution was performed. All consecutive patients undergoing R0 gastrectomy for pT1-4 MO gastric
adenocarcinoma between October 1972 and February 2014 were eligible for this analysis. Patients were
divided into two groups according to the date of surgery: an early cohort operated on from 1972-1992
and a late cohort operated on from 1993-2014. Both groups were compared regarding patient
characteristics and surgical outcomes. Results: A total of 1107 patients were included. Postoperative
mortality was more than twice as high in patients operated on from 1972-1992 compared to patients
operated on from 1993-2014 (6.8% vs. 3.2%, p = 0.017). Between both groups, no significant difference
in failure to rescue after major surgical complications was observed (20.8% vs. 20.5%, p = 1.000).
Failure to rescue after other surgical and non-surgical complications was 37.8% in the early cohort
compared to 3.2% in the late cohort (p < 0.001). Non-surgical complications accounted for 71.2% of
lethal complications between 1972 and 1992, but only for 18.2% of lethal complications between 1993
and 2014 (p = 0.002). Conclusion: In the course of four decades, postoperative mortality after radical
resection for gastric cancer has more than halved. In this cohort, the reason for this decrease was
reduced mortality due to non-surgical complications. Major surgical morbidity after gastrectomy
remains challenging.

Keywords: gastric cancer; gastrectomy; complications; mortality; failure to rescue

1. Introduction

Resection for gastric cancer is regarded as a high-risk surgery with significant morbidity and
mortality [1,2]. Failure to rescue, defined as the mortality among patients with postoperative
complications, has recently been of interest in this context. Patients with gastric cancer have been
reported to have even higher failure to rescue rates than patients undergoing esophageal resections [3].
In recent years, the focus of large-scale multicenter studies has been to examine variations in surgical
outcomes among patients undergoing surgery for gastric cancer between different institutions [4,5].
Current evidence suggests that high-volume surgical centers might have lower mortality rates [6,7].
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A significant reduction in postoperative mortality and failure to rescue from 2011 to 2014 has been
reported in a recent study from the Netherlands, where the authors concluded that these effects were at
least in part due to increased centralization and newly introduced minimum volume requirements [3].
In 2019, a register-based study from Germany evaluated postoperative mortality in non-bariatric
gastric resections among patients operated on between 2010 and 2015 [8]. All these studies compared
surgical outcomes of high-volume and low-volume centers over short periods of time. However,
changes in surgical outcomes over longer periods of time are rarely reported. Developments in surgical
techniques and perioperative management over recent decades are likely to impact patient outcomes.
However, relevant results are very often not available due to a lack of long-term data. Therefore, the
rationale for this study was to evaluate patients undergoing radical resection for gastric cancer from
1972 to 2014 regarding changes in postoperative morbidity, mortality, and failure to rescue. The same
patient collective has recently been investigated regarding the impact of postoperative complications
on overall survival. The results showed that postoperative complications are a significant risk factor for
poor overall survival, an effect which was mainly caused by complication-associated early mortality [9].
A further objective of the present study was to examine whether—as expected in view of the medical
progress—postoperative complications and failure to rescue after gastric cancer surgery were reduced
over the course of the four decades studied. In order to examine this hypothesis in more detail, the
total study time period was divided in two equally long periods (early versus late) and the outcomes
of the two periods were compared.

2. Results

2.1. Patients’ Characteristics

Between October 1972 and February 2014, a total of 1107 consecutive patients underwent R0 resection
for pT1-4 MO gastric adenocarcinoma at our institution and were included in the analysis. The standard
approach for these patients at our institution was open total or subtotal (4/5) gastrectomy with D2
lymphadenectomy (LAD). To investigate changes in postoperative morbidity and mortality, patients were
stratified into two cohorts according to the date of operation, 1972-1992 and 1993-2014. During the early
period, 761 patients underwent surgery as compared to 346 patients during the late period.

Patients’ characteristics are shown in Table 1. In both cohorts, there were more males than females,
55.1% and 54.6%, respectively. Median patient age was significantly higher in the 1993-2014 group (67 vs.
65 years, p < 0.001). After the year 1992, total gastrectomy was more frequently performed than subtotal
gastrectomy (56.6% vs. 42.7%, p < 0.001). The rate of multivisceral resections was not significantly different
(47.0% in the late cohort vs. 45.3% in the early cohort, p = 0.645). However, splenectomies were performed
significantly more often from 1972 to 1992 (40.2% vs. 20.5%, p < 0.001), whereas cholecystectomies were
more commonly performed from 1993 to 2014 (23.5% vs. 5.4%, p < 0.001).

2.2. Tumor Characteristics

Tumor characteristics are shown in Table 2. Tumor characteristics were comparable between both
periods, with no significant differences in tumor location (p = 0.163), pT (p = 0.359), pN (p = 0.119),
or American Joint Committee on Cancer/Union Internationale Contre le Cancer (AJCC/UICC) stages
(p = 0.343) observed. Only for the histological classification based on Laurén’s criteria were significantly
more cancers of the diffuse type observed in the later years (p < 0.001).
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Table 1. Patient and procedure characteristics.

1972-1992 (n = 761) 1993-2014 (1 = 346)
Parameter P
n or median % or IQR n or median % or IQR
Gender 0.897
Female 342 449 157 45.4
Male 419 55.1 189 54.6
Age 65 56-71 67 57-74 0.001
Gastrectomy <0.001
Total 325 427 196 56.6
Subtotal 436 57.3 150 434
Multivisceral resection 345 45.3 158 47.0 0.645
Splenectomy 306 40.2 69 20.5 <0.001
Cholecystectomy 41 54 79 23.5 <0.001
Intestinal resection 17 22 12 3.6 0.222
Hepatic procedure 9 12 11 3.3 0.025
Pancreatic procedure 21 2.8 8 24 0.840
Missing data 0 10

p values in bold type indicate statistical significance.

Table 2. Tumor characteristics.

1972-1992 (n = 761) 1993-2014 (1 = 346)

Parameter P
n % n %
Tumor location 0.163
Non-antropyloric 474 62.3 200 57.8
Antropyloric 287 37.7 146 422
Laurén classification 0.001
Non-diffuse 473 62.2 165 51.6
Diffuse 287 37.8 155 484
Missing data 1 26
pT category 0.359
T1-T2 588 77.3 258 74.6
T3-T4 173 22.7 88 254
pN category 0.119
pNO 377 49.5 153 44.3
pN1-3 384 50.5 192 55.7
Missing data 0 1
AJCC/UICC stage 0.343
IA-1B 358 47.0 157 45.5
I 183 24.0 80 23.2
IITA-IIIB 180 23.7 83 24.1
v 40 53 25 72
Missing data 0 1

p values in bold type indicate statistical significance. AJCC: American Joint Committee on Cancer; UICC: Union
Internationale Contre le Cancer.

2.3. Postoperative Outcomes

Postoperative outcomes are shown in Table 3. The median length of hospital stay was significantly
shorter in the period from 1993 to 2014 compared to the period from 1972 to 1992 (p < 0.001). The overall
postoperative complication rate was higher in the later cohort (31.9% vs. 22.3%, p = 0.001). However,
when the rate of major surgical complications (defined as anastomotic leak, postoperative abdominal
abscess, fascial dehiscence, peritonitis, sepsis, secondary hemorrhage, or relaparotomy for any reason)
was investigated, no statistically significant differences were observed between both groups (p = 0.071).
Similarly, the anastomotic leak (including duodenal stump leaks) rates did not differ significantly
(6.3% in the late cohort vs. 3.8% in the early cohort, p = 0.084).
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Table 3. Postoperative outcomes.

1972-1992 (n = 761) 1993-2014 (n = 346)
Outcome p
n % or IQR n % or IQR
Postoperative morbidity
Overall complications 170 223 107 319 0.001
Major surgical complications 72 9.5 44 13.1 0.071
Anastomotic leak 29 3.8 21 6.3 0.084
Other surgical/non-surgical complications 98 12.9 63 18.8 0.012
Missing data 0 11
Postoperative mortality
30-day mortality 46 6.0 6 17 0.001
In-hospital mortality 52 6.8 11 3.2 0.017
Missing data 0 2
Failure to rescue
Overall complications 52/170 * 30.6 11/107 * 10.3 <0.001
Major surgical complications 15/72* 20.8 9/44 * 20.5 1.000
All other complications 37/98 * 37.8 2/63 * 3.2 <0.001
Hospital stay (days) 15 13-19 14 11-18 <0.001
Missing data 3 3

* The denominator indicates the total number of patients with each respective complication. p values in bold type
indicate statistical significance.

Both 30-day mortality (6.0% vs. 1.7%) and in-hospital mortality (6.8% vs. 3.2%) were significantly
higher in the 1972 to 1992 cohort as compared to the 1993 to 2014 cohort. No statistically significant
difference in the failure to rescue rate after major surgical complications was observed between both
time periods (20.5% in the late cohort vs. 20.8% in the early cohort, p = 1.000). In contrast, failure
to rescue after non-major surgical complications and non-surgical complications was significantly
more common from 1972 to 1992 as compared to the period from 1993 to 2014 (37.8% vs. 3.2%,
p < 0.001). Mortality-associated complications are shown in Table 4. In the early cohort, non-surgical
complications accounted for 71.2% of all lethal complications as compared to 18.2% in the late cohort,
whereas major surgical morbidity accounted for 28.8% of complication-related deaths from 1972 to
1992 as compared to 81.8% from 1993 to 2014 (p = 0.002). For patients who underwent splenectomy
(Table 5), a higher rate of major surgical (p = 0.016) and overall complications (p = 0.005) was observed
in the late cohort (major morbidity 22.7%, overall morbidity 40.9%) compared to the early cohort (major
morbidity 11.1%, overall morbidity 23.5%). However, patients who underwent splenectomy in the
late cohort had significantly higher T-stages (p = 0.049), higher N-stages (p < 0.001), and higher UICC
stages (p = 0.001).

Table 4. Mortality-associated complications.

1972-1992 1993-2014
Type of Total Cases: n = 761 Total Cases: n = 346
Lethal Complication Postoperative Mortality: n = 52 Postoperative Mortality: n =11
n % of mortality n % of mortality
Major surgical complications 15 28.8 9 81.8
Anastomotic leak 10 19.2 8 727
Relaparotomy(other
reason/not specified) 4 77 0 0
General sepsis 1 1.9 1 9.1
Non-surgical complications 37 712 2 18.2
Cardiovascular 13 25.0 0 0
Cardiorespiratory 11 21.2 1 9.1
Respiratory 11 21.2 0 0
Other 2 3.8 1 9.1
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Table 5. Patients with splenectomy.

Variable 1972-1992 (n = 306) 1993-2014 (n = 69) p
n % n %
Overall complications 34 111 15 22.7 0.005
Major surgical complications 72 23.5 27 40.9 0.016
Anastomotic leak 17 5.6 6 9.1 0.267
Missing data 0 3

p values in bold type indicate statistical significance.

2.4. Risk Factors for Postoperative Mortality

Univariable and multivariable analyses were performed to identify potential risk factors
for postoperative mortality. In the entire cohort (1972-2014), patient age and the occurrence of
overall postoperative complications, major surgical complications, and anastomotic leak were factors
significantly associated with postoperative death in univariable analysis (Table 6). When multivariable
analysis was performed, major surgical complications, anastomotic leak, and older patient age remained
in the statistical model as factors associated with postoperative in-hospital mortality (Table 7). Subgroup
analyses of patients operated on from 1972 to 1992 and from 1993 to 2014 returned similar results
(Tables 6 and 7).

Table 6. Variables associated with postoperative mortality in univariable analysis.

Overall Cohort (1972-2014) » Early Group (1972-1992) Late Group (1993-2014)

Variable r r
OR 95% CI OR 95% CI OR 95% CI
Overall complications <0.001 <0.001 <0.001
Major surgical 6204 3.625-10928  <0.001 4637 2401-8956  <0.001 37157 7.717-178926  <0.001
complications
Anastomotic leak 12.513 6.531-23.971 <0.001 8.647 3.783-19.763 <0.001 63.795 15.141-268.784  <0.001
Age 0.020 0.185 0.001
Gender 1.197 0.720-1.992 0.516 1.351 0.769-2.374 0.314 0.689 0.198-2.397 0.760
Type of gastrectomy 1.586 0.936-2.687 0.092 1.443 0.799-2.603 0.247 1.594 0.477-5.328 0541
Multivisceral resection 0.773 0.434-1.240 0.294 0.738 0.414-1316 0.317 0.745 0.206-2.690 0.775
Tumor location 0.848 0.507-1.418 0.595 0.976 0.542-1.724 1.000 0.404 0.116-1.408 0.214
Laurén classification 1.316 0.772-2.241 0.356 0.969 0.543-1.728 1.000 4.471 0.950-21.031 0.062
pT category 0.116 0.086 0.971
PN category 0.377 0.174 0.729
AJCC/UICC stage 0.122 0.061 0.931
p values in bold type indicate statistical significance. OR: odds ratio; CI: confidence interval.
Table 7. Variables associated with postoperative mortality in multivariable analysis.
Variable Overall Cohort (1972-2014) Early Group (1972-1992) Late Group (1993-2014)
OR 95% CI 4 OR 95% CI P OR 95% CI 4

Major surgical complications 2.550 1.034-6.292 0.042 2.319 0.862-6.237 0.096 9.774 0.712-134.246 0.088

Anastomotic leak 5.550 1.987-15.507 0.001 4.000 1.197-13.367 0.024 20.391 1.561-266.289 0.021

Age 1.030 1.005-1.055 0.017 1.191 1.060-1.339 0.033

p values in bold type indicate statistical significance. OR: odds ratio; CI: confidence interval.

3. Discussion

This study presents one of the rare reports on the results of surgery for gastric cancer in a large
cohort of 1107 consecutive patients (1972 to 1992: n = 761 and 1993 to 2014: n = 346), over a time period
of more than four decades at a European university hospital.

The main finding of the study was that 30-day and in-hospital mortality were significantly
lower in the later period. Major surgical complications, anastomotic leak, and older patient age were
independent risk factors for postoperative in-hospital mortality in multivariable analysis. However,
it is not unlikely that age would have dropped out as a risk factor for postoperative mortality if
other known risk factors, such as serum albumin level, Eastern Cooperative Oncology Group (ECOG)
performance status, and American Society of Anesthesiologists (ASA) physical status, which were not
available in our data set, had been included in the analysis.
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Analysis of mortality-associated complications revealed that non-surgical complications accounted
for the large majority (71.2%) of all lethal complications in patients with surgery between 1972 and
1992, as compared to only 18.2% of lethal complications in patients with surgery between 1993 and
2014 (p = 0.002). Correspondingly, failure to rescue rates for major surgical complications did not differ
between the two time periods, while failure to rescue occurred significantly more frequently among
patients with non-major surgical and non-surgical complications in the cohort operated on between
1972 and 1992 (37.8% vs. 3.2%). This retrospective study cannot provide further details on the reasons
for this shift regarding the type of complications associated with a lethal course. The main driver is
most likely the fact that the treatment of acute medical complications, such as pulmonary embolism or
myocardial infarction that frequently led to death in former times, has tremendously improved over
recent decades.

An analysis of the register data of the Dutch Upper GI Cancer Audit showed similar rates:
postoperative mortality after gastric cancer surgery ranged from 7.7% in 2011 to 3.8% in 2014 and failure
to rescue occurred in 38.0% of patients with a complication in 2011 and in 19.0% in 2014 [3]. The authors
attribute this to quality improvement measures, such as multidisciplinary therapy standards and
minimum surgical volume requirements. A recently published large observational study from Germany,
using national hospital discharge data (72,528 cases of non-bariatric gastric surgery), revealed that
the prevention of mortality after complex gastric surgery mainly depends on the ability to rescue
patients with complications. Failure to rescue rates were 28.1% in very low-volume hospitals versus
22.7% in very high-volume hospitals [8]. According to most definitions, institutions with an average of
about 50 gastroesophageal resections for malignant indications per year are regarded as high-volume
centers [10]. The reported mortality rates of our patients operated on between 1972 and 1992 were
consistent with the findings of a recent retrospective cohort study based on American College of
Surgeons National Surgery Quality Improvement Program (ACS NSQIP) data: 30-day mortality was
5.2% [11]. This also compares well to the results from a large US cohort study analyzing the National
Inpatient Sample (NIS) data of 13,354 patients undergoing gastric resection for malignancy with an
in-hospital mortality rate of 6.0% [12]. A much lower short-term mortality was reported by the authors
of a Cochrane systematic review investigating the outcomes of laparoscopic versus open gastrectomy
for gastric cancer; the pooled short-term mortality of eleven randomized controlled trials (RCTs) was
only 0.4% (11/2635) [13].

Further comparison of the two time periods revealed a few more statistically significant differences.
Not surprisingly, the length of hospital stay has decreased in the more recent decades, which is most
likely the result of the implementation of a modern and evidence-based clinical pathway for gastric
resections that follows the principles of the enhanced recovery after surgery (ERAS®) and “fast track”
concepts. Moreover, significantly older patients were operated on, which speaks for the advances
of modern perioperative medicine that has made it possible to offer curative surgery even to elderly
patients. The fact that the number of cases in the early time period was more than twice as high as
in the later time period (761 vs. 346) reflects the decline in the incidence of “true” gastric cancer and
a shift towards more proximal tumor locations, such as the cardia and distal esophagus, in Europe
during recent decades [14]. In general, the clinicopathologic features of the patients in our analysis
were consistent with other long-term analyses of patients with surgery for gastric cancer [15].

Interestingly, there were more overall complications (31.9% vs. 22.3%, p = 0.001) in the later
time period (1993-2014), which may have multifactorial etiology. First, in the later time period, there
were significantly more total gastrectomies, which are known to be associated with a higher risk for
postoperative morbidity than subtotal gastrectomies. The most plausible explanation for the increase
in total gastrectomies is the significantly higher number of cancers of the diffuse type according to
Laurén’s criteria in the late cohort. Furthermore, the fact that significantly older, and thus potentially
frailer and more comorbid patients, were operated on in the 1990s and 2000s could also have resulted in
a higher overall complication rate. Besides, the latter may partly explain why we did not find a decrease
in major surgical morbidity despite the far-reaching technical and medical advances that took place
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during the four decades included in our analysis. Nevertheless, the actual clinical relevance of the age
difference between the two cohorts remains to be discussed. Life expectancy has also increased during
the observation period of more than four decades, and so it may be that the median age difference of
2 years is clinically irrelevant, because the older patients of the late cohort were not biologically older
than the chronologically younger patients of the early cohort. We did not evaluate the impact of the
extent of LAD on postoperative morbidity and mortality, as the extent of LAD was not thoroughly
documented in the early decades of the database. However, the trend towards a more radical LAD
(D2 or D3 vs. D1) over time may have contributed to an increase in the overall complication rate
in our later cohort, which has been reported in several RCTs from Western countries [16,17]. In this
regard, one could also argue that, despite more radical operations (more total gastrectomies and more
extensive LAD), a rise in major complications did not occur, which could be the result of advances in
surgical techniques and perioperative management. Neoadjuvant treatment of gastric cancer patients
was only introduced in the years 2005 to 2006 and thus administered only to the absolute minority
of patients included in our study. Therefore, we chose not to include this parameter in our analyses.
Yet, most studies on this found no increase in postoperative morbidity or mortality after neoadjuvant
treatment [18,19].

There are some limitations to our study. First, the retrospective nature and the inherent potential
for misclassification may limit the validity of our data. Second, there may be confounding variables
not recorded in our database. Therefore, we cannot exclude the possibility that factors not tracked in
the database may have contributed to our findings. Third, missing data and changes in coding and
classifications over such a long period as forty-two years may limit the validity of our results. Fourth,
the exclusion of R1 resections, because of the aim to exclusively investigate patients in a curative
situation and to generate a study population as homogeneous as possible regarding their risk profile
for complications, may be called into question in the context of analyzing short-term outcomes after
gastric cancer surgery. Thus, the exclusion of R1 resections may be interpreted as a potential limitation
of our study because it could have biased the results. Fifth, the use of the Clavien Dindo Classification
would have been desirable to increase the comparability of the results. However, the Clavien Dindo
Classification was first described in 2004, whereas our institutional database collected cases from 1972
to 2014. Thus, in most cases, complications were not documented according to the Clavien Dindo
Classification and a retrospective classification would have been error-prone and unreasonable. Sixth,
data on the extent of lymphadenectomy and 90-day mortality would have been of interest in the
context of the present study but were not available in sufficient continuity and quality over the long
observation period for inclusion into the analyses. The strengths of this study lie in its large sample
size, the consecutive, homogenous cohort (only gastric adenocarcinomas, only patients operated on
with curative intent, one center), and the long time period covered. Most cohort studies based on data
from registers or institutional databases which investigated similar research study objectives included
rather heterogeneous patient populations, sometimes even patients who underwent gastric surgery for
benign disease. With the aim to reduce bias and confounding factors due to heterogeneity among the
included cases, we defined very precise inclusion and exclusion criteria. Nevertheless, the included
patient cohort and the setting are still representative in the context of the investigated study objective.
Therefore, we assume that the study results have a high external validity and generalizability.

4. Materials and Methods

4.1. Ethics Approval

Ethics board approval was obtained from the Medical Ethics Commission II of the Medical Faculty
Mannheim, Heidelberg University, Mannheim, Germany (2019-849R). The study was performed
according to the Declaration of Helsinki.
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4.2. Study Design

The present study is a single-center retrospective cohort study using data from a prospectively
run institutional database.

4.3. Setting and Participants

Medical records from 2252 consecutive patients operated on at the Department of Surgery,
University Medical Centre Mannheim, Heidelberg University, Mannheim, Germany between October
1972 and February 2014 were examined, and patients with pT1-4 M0 adenocarcinomas of the
stomach who underwent RO resections were identified. Patients with Barrett’s carcinoma and gastric
remnant cancer were excluded, as were patients with atypical gastric or esophageal resections.
Tumors of the subcardial stomach (Siewert type III) were included, whereas esophagogastric junctional
adenocarcinomas (Siewert types I and II) were excluded, as these are classified and staged according to
the esophageal scheme in the current AJCC/UICC staging system. Finally, 1107 of the 2252 patients
met the inclusion criteria and could be further analyzed. For the present analyses, no follow-up of
patients was required.

4.4. Variables, Data Sources, and Risk of Bias

Data on patient, procedure, and tumor characteristics were taken from the institutional database
for gastroesophageal malignancies. Patient and procedure characteristics included gender, age, type of
gastrectomy (total versus subtotal), and the extent of resection in the case of multivisceral resection.
Tumor characteristics comprised tumor location (non-antropyloric versus antropyloric), Laurén’s
classification, histological type, and pT and pN categories, as well as the AJCC/UICC stages. The latter
were available according to the 5th edition for all gastric cancers operated on between 1972 and 2001.
The 6th and 7th editions of the AJCC/UICC classification were used on cases from 2002 until 2009 and
from 2010 until 2014, respectively. Before analysis, all patients included in this study were restaged
according to the 6th edition of the AJCC/UICC staging system for gastric cancer, which was the most
recent edition based on which the restaging of all patients was possible, in order to achieve a uniform
classification. Data on surgical and non-surgical complications were extracted from the database.
Major surgical complications were defined as the documentation of at least one of the following events
during the postoperative course: anastomotic leak (including duodenal stump leak), postoperative
(abdominal) abscess, fascial dehiscence, peritonitis, sepsis, secondary hemorrhage, and relaparotomy
for any reason. When multiple complications occurred, the most severe complication was recorded
in the database. In cases where multiple complications were recorded, the most severe complication
was used in this analysis. Complication-related postoperative mortality was recorded and presented
as early postoperative (30-day) and general in-hospital mortality. Failure to rescue, defined as the
mortality among patients with postoperative complications, was calculated as the ratio of the number
of patients who died due to certain complications (numerator) to the number of all patients who
suffered these complications (denominator).

The options to minimize the risk for bias were limited due to the retrospective nature of the study.
As with any other retrospective database review, bias cannot be excluded from the present study.
Nevertheless, by using strict inclusion and exclusion criteria, we tried to obtain a study cohort that
was as homogeneous as possible, thus minimizing the risk of bias and confounding. Moreover, the
data collection was the same in both study periods.

4.5. Statistical Analysis

The median, together with the interquartile range (IQR), was presented for skewed variables.
Qualitative variables were quoted as absolute and relative frequencies. Quantitative variables, like
age, hospital stay, and number of postoperative complications, were treated as such in the statistical
analyses. The variable “date of surgery” was dichotomized into an early (1972-1992) and a late
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(1993-2014) group. The Mann-Whitney U test was used to compare continuous variables that were not
normally distributed. For dichotomous variables, Fisher’s exact test was used. The Cochran—-Armitage
test for trend was used to assess associations between a dichotomous variable and an ordinal variable
with more than two categories. All statistical tests for the comparison of two groups were two-tailed.
A test result was considered statistically significant if p < 0.05. For the binary outcome “postoperative
mortality”, a multiple logistic regression analysis was done. Odds ratios are presented together with
their 95% confidence intervals (CI). Variables that were statistically significant in the univariable
analyses were entered in the multivariable analysis. In the multivariable analysis, a backward stepwise
selection based on the probability of the Wald statistic was used and a significance level of « = 0.10
was chosen to detect several parameters that might have influenced the outcome. Statistical analyses
were performed using IBM SPSS Statistics (version 25, IBM Corp., Armonk, NY, USA).

5. Conclusions

In conclusion, major surgical morbidity after gastrectomy remains a major challenge despite
advances in perioperative care and surgical techniques. Over the course of four decades, postoperative
mortality after radical resection for gastric cancer has more than halved, which was mainly caused
by a reduction in mortality-associated non-surgical complications and an improved ability to rescue
patients with complications. Therefore, alertness and adequate infrastructure in order to avoid failure
to rescue are paramount for achieving acceptable outcomes after gastrectomy.
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Simple Summary: One of the most severe postoperative complications after a transthoracic
esophagectomy for esophageal cancer is a leakage of the anastomosis created between the remnant
esophagus and the stomach. There is substantial debate on which surgical technique and which
stapler are the best. The aim of this study was to retrospectively analyze whether the stapler diameter
had an impact on postoperative anastomotic leak rates during a 4-year time frame from 2016 to 2020.
A total of 632 patients (open, hybrid, and totally minimally invasive esophagectomy) met the inclusion
criteria. A total of 214 patients underwent an anastomosis with a 25 mm stapler vs. 418 patients with
a 28 mm stapler. Anastomotic leak rates were 15.4% vs. 10.8%, respectively. Stapler size should be
chosen according to the individual anatomical situation of the patient and may be of higher relevance
in patients undergoing totally minimally invasive reconstruction.

Abstract: Anastomotic leak is one of the most severe postoperative complications and is therefore
considered a benchmark for the quality of surgery for esophageal cancer. There is substantial debate
on which anastomotic technique is the best for patients undergoing Ivor Lewis esophagectomy:.
Our standardized technique is a circular stapled anastomosis with either a 25 or 28 mm anvil.
The aim of this study was to retrospectively analyze whether the stapler diameter had an impact
on postoperative anastomotic leak rates during a 4-year time frame from 2016 to 2020. A total of
632 patients (open, hybrid, and totally minimally invasive esophagectomy) met the inclusion criteria.
A total of 214 patients underwent an anastomosis with a 25 mm stapler vs. 418 patients with a 28 mm
stapler. Anastomotic leak rates were 15.4% vs. 10.8%, respectively (p = 0.0925). Stapler size should be
chosen according to the individual anatomical situation of the patient. Stapler size may be of higher
relevance in patients undergoing totally minimally invasive reconstruction.

Keywords: esophagectomy; esophageal anastomosis; minimally invasive surgery

1. Introduction

Due to its increasing incidence, a curative treatment of esophageal carcinoma has gained more
importance than ever in recent years. For locally advanced but resectable carcinomas, a transthoracic
esophagectomy with reconstruction using a gastric conduit and a high intrathoracic anastomosis
(Ivor Lewis esophagectomy) depicts the current curative treatment of choice, mostly in a multimodal
setting [1]. Despite improvements of perioperative care and surgical technique, this surgical procedure is
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still related to specific risks, such as anastomotic leak, conduit necrosis, chylothorax, and recurrent nerve
injury. In particular, anastomotic leak, as one of the most severe and early postoperative complications,
is considered a benchmark for the quality of the esophagectomy and is known to increase postoperative
mortality and morbidity, leading to a decreased long-term survival [2-4]. Many surgical factors,
including procedure type, localization of the anastomosis, and operative technique, are known to affect
the integrity and quality of the anastomosis, and there is substantial debate on which anastomotic
technique is the best for patients undergoing Ivor Lewis esophagectomy [5,6]. Our standardized
technique and the most common technique in minimally invasive surgery is a circular stapled
end-to-side anastomosis with purse string using either a 25 or 28 mm anvil. The current literature has
shown this technique to be safe and efficient, leading to a comparatively low anastomotic leak rate of
14% in the EsoBench database [4]. The aim of this study was to retrospectively analyze whether the
stapler diameter had an impact on postoperative anastomotic leak rates according to Esophagectomy
Complications Consensus Group (ECCG) criteria during a 4-year time frame from 2016 to 2020 at our
certified center of excellence for surgery of upper gastrointestinal cancer.

2. Results

A total of 632 patients met the inclusion criteria. In 214 patients (34%), a 25 mm circular stapler
was used for the construction of a transthoracic esophagogastric anastomosis, and in 418 patients
(66%), a size of 28 mm. For further analysis of results, the patients were grouped according to stapler
size (25 mm—small; 28 mm—Iarge). Demographic and oncological data of both patient cohorts are
shown in Table 1. In addition, a statistical comparison of the baseline characteristics of both groups
was performed, and the p-values are shown.

Table 1. Demographic characteristics and oncological data of the patients undergoing an Ivor Lewis
esophagectomy for esophageal cancer with either a 25 or 28 mm circular stapler. The p-values for
statistical comparison of the baseline characteristics of both groups were calculated.

25 mm 28 mm
Total/Mean  (%)/Range  Total/Mean (%)/Range p-Value
Patients 214 34 418 66 <0.0001
Male/female 150/64 (70.1)/(29.9) 377/41 (90.2)/(9.8) <0.0001
Age (years) 63 29-91 63 34-85 0.8431
BMI (kg/m?) 25.68 15-46.71 26.87 14.13-48.44 0.0037
Pathology
Adenocarcinoma 157 (73.4) 345 (82.5) 0.0092
Squamous cell carcinoma 57 (26.6) 70 (16.8) 0.0045
Other 0 0) 3 0.7) 0.5546
Neoadjuvant Chemotherapy
None 32 (15) 54 (12.9) 0.54
CROSS 137 (64) 240 (57.4) 0.1231
FLOT 40 (18.7) 113 (27.1) 0.0238
Other 5 (2.3) 11 (2.6) 1

BMI: body mass index; CROSS and FLOT are well defined neoadjuvant treatments.
Furthermore, the operative approach was analyzed for both groups and compared with each

other. Figure 1 shows the distribution of open, hybrid, and totally minimally invasive procedures
among patient cohorts.
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Figure 1. (a) Distribution of surgical approach in the 25 mm stapler patient group. Percentages
of patients undergoing an Ivor Lewis esophagectomy using an open, hybrid, or totally minimally
invasive approach are shown. (b) Distribution of surgical approach in the 28 mm stapler patient group.
Percentages of patients undergoing an Ivor Lewis esophagectomy using an open, hybrid, or totally
minimally invasive approach are shown.

While an open approach was used equally often in both cohorts (p = 0.6809), a hybrid approach
was more often performed in the 28 mm group (p < 0.0001), compared with a totally minimally invasive
approach, which was more frequently performed in the 25 mm group (p < 0.0001). In line with these
findings, a two-stage procedure was more often used in the 28 mm stapler size group (6.5% vs. 11.5%;
p = 0.0490).

A total of 72 patients in the given time frame were operated on using an either completely
robotic or hybrid robotic approach. Thirty-one (14.5%) of the patients in the 25 mm stapler group
were operated on using a robotic technique compared with 41 (9.8%) in the 28 mm stapler group.
No statistically significant difference was shown for the utilization of a robotic technique between both
groups (p = 0.0863).

A total of 114 patients in the given time frame were operated on using a totally minimally invasive
approach (laparoscopic or robotic gastrolysis/thoracoscopic or robotic esophagectomy). Sixty-three
(29.4%) of the patients in the 25 mm stapler group were operated on using a totally minimally invasive
technique, compared with 51 (12.2%) in the 28 mm stapler group. A totally minimally invasive
technique was significantly more often used in the smaller stapler group (p < 0.0001).

Postoperative Complications

Table 2 shows the severity of postoperative complications classified according to Clavien-Dindo
(CD) of our patient groups. In addition, p-values were obtained to analyze whether statistically
significant differences between postoperative outcomes of both cohorts were present.

The median length of stay (LOS) was 15 days in both groups with a range of 9-112 days
(standard deviation (SD) 12) in the small stapler group and a range of 7-99 days (SD 11) in the large
stapler group with no statistically significant difference between the groups (p = 0.3993).

An anastomotic leak was detected in a total of 78 patients (12.3%), 33 in the small stapler group
and 45 in the large stapler group. Figure 2 depicts the anastomotic leak rates among patient cohorts.
No statistical significance was noted between the groups (p = 0.09878); however, a trend approaching
statistical significance shows that anastomotic leaks were more frequent in the small stapler size group.
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Table 2. Severity of postoperative complications among patient cohorts. The Clavien-Dindo
classification was used to objectify the severity of postoperative complications among both patient
cohorts. p-Values were calculated to analyze whether statistically significant difference between
both stapler sizes was present. In addition, further analysis of patients with severe postoperative
complications, here classified as CD > IIla, was performed.

25 mm Stapler 28 mm Stapler
n (%) n (%) p-Value
CDo 66 (30.8) 151 (36.1) 0.2152
CDI 10 (4.7) 21 (5.1) 1
CD II 19 (8.9) 31 (7.4) 0.5354
CD Illa 79 (36.9) 140 (33.5) 0.4268
CD IIIb 15 (7.1) 26 (6.2) 0.7340
CD IVa 14 (6.5) 24 (5.7) 0.7248
CDIVb 8 3.7) 13 (3.1) 0.6474
CDV 3 (1.4) 12 (2.9) 0.4075
CD > Illa 119 (55.6) 215 (51.4) 0.3545

anastomotic leak 15.4%

0 2 4 6 8 10 12 14 16 18

M large stapler M small stapler M total cohort

Figure 2. Anastomotic leak rates for the small stapler size (25 mm), the large stapler size (28 mm),
and the overall cohort shown as percentages.

Further details on demographic information, preoperative comorbidities, and risk factors of
patients who developed an anastomotic leak are shown in Table 3.
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Table 3. Demographic information, comorbidities, and risk factors of patients who developed
an anastomotic leak. Data are shown for both subgroups (25 mm and 28 mm circular staplers),
and percentages of patients from the respective subgroups were calculated.

Anastomotic Leak

25 mm Stapler Size 28 mm Stapler Size

Total (%) Total (%) p-Value
Patients 33 (100) 45 (100) -
Obesity (BMI > 30 kg/m?) 6 (18.2) 8 (17.8) 1

Tobacco
Ex-smoker 17 (51.5) 15 (33.3) 0.1617
Smoker 7 (21.2) 12 (26.7) 0.6068
Alcohol consumption *

None 18 (54.5) 27 (60) 0.6502

1-3 x/week 10 (30.3) 10 (22.2) 0.4432

Daily 5 (15.2) 5 (11.1) 0.7351

Cardiac comorbidities

Coronary artery disease 8 (24.2) 7 (21.2) 0.3911

Arterial hypertension 22 (66.7) 33 (73.3) 0.6176
Atrial fibrillation 4 (12.1) 5 (11.1) 1

Pulmonary comorbidities

COorD 2 (6.1) 3 6.7) 1

FEV1 < 80% 5 (15.2) 11 (24.4) 0.4004
VCmax < 80% 6 (18.2) 9 (20) 1

Other comorbidities

Liver disease 3 9.1) 3 (6.7) 0.6937
Renal failure (GFR < 60 mL/min) 3 9.1) 4 (8.9) 1
Diabetes 4 (12.1) 6 (13.3) 1

* Information was given voluntarily; therefore, not all patients answered this question. COPD: chronic obstructive
pulmonary disease, FEV1: forced expiratory pressure.

In addition, independent predictors of anastomotic leak were identified by a multivariate logistic
regression analysis adjusting for stapler size, operative technique, gender, type of cancer, neoadjuvant
therapy, tobacco, alcohol consumption, BMI, and cardiac comorbidities. Besides operative approach
(open, hybrid, totally minimally invasive) and gender, no other independent predictors for anastomotic
leak were found (p > 0.05). With totally minimally invasive approach set as a reference, both other
approaches had a significantly higher leak rate when adjusted for all factors mentioned above (p < 0.05).

Table 4 shows further details about the distribution of the type of anastomotic leaks as well as the
severity of complications using the Clavien-Dindo classification among patients that developed an
anastomotic leak. The anastomotic leak rate for a Type II leak was 11.2% in the 25 mm group vs. 8.4%
in the 28 mm group and 4.2% vs. 2.2% for Type III leaks, respectively. In addition, the percentage
of patients with a certain CD class from the total of anastomotic leaks among the respective stapler
sizes is shown. No patient with an anastomotic leak was classified as CD I or II. To investigate how
many patients with an anastomotic leak developed organ failure, we included a subgroup analysis of
patients classified as CD > IV.
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Table 4. Anastomotic leak types and severity of postoperative complications among patients that
developed an anastomotic leak. Stapler sizes of 25 and 28 mm were analyzed separately, and p-values
for statistical comparison of both groups were calculated. Percentages were calculated as percentage
from the cohort that developed an anastomotic leak.

25 mm Stapler 28 mm Stapler
n/Median (%)/Range n/Median (%)/Range p-Value
Total 33 (100) 45 (100) -
Type I 0 0) 1 (2.2) 1
Type 11 24 (72.7) 35 (77.8) 0.79
Type III 9 (27.3) 9 (20) 0.5876
Clavien-Dindo Classification
CD Illa 14 (42.4) 21 (46.7) 0.8188
CD IIIb 4 (12.1) 6 (13.3) 1
CD IVa 9 (27.3) 9 (20) 0.5876
CD IVb 3 9.1) 6 (13.3) 0.7259
CDV 3 9.1) 3 (6.7) 0.6937
CD>1V 15 (45.5) 18 (40) 0.6502
Length of Stay
LOS 36 16-112 30 13-99 0.3118

3. Discussion

Anastomotic leakage is among the most feared complications in surgery due to its consequences,
especially in esophageal cancer surgery. Many technical variations in performing the esophagogastric
anastomosis are still used without expert consensus. Our institution has contributed significantly in the
past to find innovative and new ways using minimally invasive technology to treat these complications
with an interventional approach and mostly without redo surgery, leading to more ECCG Type II
anastomotic leaks in recent years [7,8]. Schroder et al. have published in their recent multicenter
analysis of high-volume centers from 2011 to 2016 a leakage rate of 13.9% for an intrathoracic circular
stapled anastomosis. Our own data from 2016 to 2020 in this present study show an overall leakage
rate of 12.3%, meeting the benchmarks in Schroder’s and Schmidt’s studies [2,4]. When looking into
more detail as presented above, we were able to show that in addition to the technology and technique
used, even the stapler size may play an essential role in developing an anastomotic leak. In this context,
it is important to note that anatomical reasons may play an essential role when choosing the stapler
size, and sometimes both options are technically not possible.

Interestingly, we were able to show that a 28 mm stapler was overall significantly more often used
at our institution. This result may be biased by the fact that more hybrid than totally minimally invasive
procedures were performed in this collective, as the 25 mm stapler was the more commonly chosen
technology in the totally minimally invasive subgroup. Also, patients with squamous cell carcinoma
more often underwent a 25 mm anastomosis, a fact that can be attributed to the usually higher
mediastinal location of the tumors and anatomical reasons not to perform a 28 mm stapled anastomosis.

Few previous studies have focused on the technical factor of the stapler diameter itself, but more
often evaluated general technical options, such as circular, linear, and handsewn (technical factors),
and anatomical options, such as intrathoracic vs. cervical (anatomical factors) [4,5]. Whereas Markar etal.
published a meta-analysis in 2013 showing no significant differences among the technical factors,
they were able to show significant differences and an almost fivefold increased leakage rate for
cervical vs. intrathoracic anastomosis. In contrast, Schroder’s analysis of the EsoBenchmark database
showed no difference among the anatomical factors. Even if the difference in leakage rate in our
patient collective (10.8% vs. 15.4%) is in favor of the 28 mm stapler group, this technical factor was
only nearing statistical significance (p = 0.0925).
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In our analysis of complications, focusing on the patients with an anastomotic leak (Table 4),
we looked at the severity of the leaks according to the ECCG group [9]. No significant difference was
found between the two analyzed stapler groups. Nevertheless, there was again a trend of less severe
leaks in favor of the 28 mm staplers. No clear differences could be shown for the Clavien-Dindo score
between the groups.

In our study, we found a relatively high number of CD > Illa complications, namely, 51.4%
(28 mm) and 55.6% (25 mm). This exceeds the benchmarks set by Schmidt et al. with 30.8%, defined
as the “best possible outcome” [2]. Truly, our collective does not comprise a selection of patients
with low comorbidities, and esophagectomy was performed both by experts and by trainees under
expert supervision at our institution, meaning that our results represent an unbiased, unselected
analysis of a prospective cohort. In addition, complications at our institution are thoroughly recorded
according to ECCG guidelines, meaning that postoperative interventions such as chest tube placement
or postoperative EGD are automatically classified as a IIla complication. As postoperative endoscopic
interventions are considered a “standard of care” in some other centers, these might not be classified in
the same way everywhere.

4. Materials and Methods

4.1. Patients

Our academic center is a certified center of excellence for surgery of the upper gastrointestinal
tract with more than 250 upper gastrointestinal cancer surgeries being performed annually. All patients
undergoing esophagectomy for esophageal cancer in our high-volume center are entered into an
IRB-approved prospective database. A retrospective chart review was performed for all patients
undergoing an Ivor Lewis esophagectomy for esophageal cancer from May 2016 to May 2020. Patients
were included in the analysis if a 25 or 28 mm circular stapler was used for the esophagogastric
transthoracic anastomosis. An intraoperative subjective assessment of the patient’s anatomy was
used to choose the appropriate stapler size. Patients with handsewn anastomoses or other stapler
diameters were excluded from the analysis. Retrospective analysis of our prospectively collected data
was conducted with approval from the ethical committee at the University of Cologne (IRB reference
13-091). Demographics, endoscopic findings, and biopsies at different follow-up time points, as well as
tumor histology and stage, were recorded in our prospective database.

4.2. Assessment of Postoperative Complications

The Clavien-Dindo classification was used to classify the severity of postoperative complications [10].
In addition, our institution contributes to the well-established database of the Esophagectomy
Complications Consensus Group (ECCG), which provides a standardized and international assessment
of complications following esophagectomy [9]. Therefore, definitions established by the ECCG are used
at our clinic to ensure precise documentation. An anastomotic leak was defined as a “full thickness GI
defect involving esophagus, anastomosis, staple line, or conduit irrespective of presentation or method
of identification.” Further subgrouping into three types was applied with Type I being a local defect
requiring no change in therapy or being treated medically or with dietary modification, Type Il being a
localized defect requiring interventional but not surgical therapy, and Type III being a localized defect
requiring surgical therapy. Length of hospital stay was calculated in days from the day of the surgical
procedure to discharge of the patient.

4.3. Treatment Pathway of Patients with Resectable Esophageal Cancer

Treatment of patients with esophageal cancer at our National Center of Excellence follows a
standardized protocol in line with national and international guidelines [1,11-13]. Following restaging,
usually 4-6 weeks after neoadjuvant therapy, either a standardized Ivor Lewis esophagectomy with
reconstruction using a gastric conduit and a high thoracic esophagogastric anastomosis is performed at
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our institution, or if suitable, patients with an adenocarcinoma of the gastroesophageal junction Siewert
Type Il are enrolled into the CARDIA trial, which aims to compare the oncological and surgical outcome
after transthoracic esophagectomy and transhiatal extended gastrectomy [14,15]. For a transthoracic
esophagectomy, a hybrid procedure (abdominal part—laparoscopically/thoracic part—open) depicts
the current standard at our institution. Whenever possible, however, dependent on the patient’s
anatomy and whether the patient is classified as low risk, a totally minimally invasive approach
is chosen (abdominal part—laparoscopically/thoracic part—thoracoscopically). Our thorough risk
assessment preoperatively includes a standardized and validated risk scoring system [16]. In addition,
the DaVinci Xi robotic surgical system (Intuitive Surgical, Inc., Sunnyvale, CA, USA) is available at
our clinic since February 2017. A robotic approach is often especially used for the thoracic part, as the
great advantage of the system becomes evident during the thoracic dissection [17]. Furthermore,
complete robotic and minimally invasive Ivor Lewis esophagectomies are increasingly performed at
our institution.

4.4. Surgical Technique—Abdominal Part

The following steps for preparation of the gastric conduit are performed in a standardized fashion
using either a robotic or a laparoscopic approach. Our standardized steps of the operation are the same
for the robotic and the laparoscopic procedure: The patient is placed in a French and anti-Trendelenburg
position. For the robotic approach, an 8 mm DaVinci trocar is inserted through a supraumbilical median
incision using the open technique, and a pneumoperitoneum is established. Four additional trocars
are then placed, one 5 mm trocar on the right and one 12 mm trocar on the left edge of the costal arch,
a 12 mm trocar in the right upper abdomen and an 8 mm trocar in the left upper abdomen depicting the
standard for a minimally invasive robotic DaVinci gastrolysis. If performed laparoscopically, one 5 mm
and four 11 mm abdominal ports are used. A 45-degree angled scope (5 mm Stryker indocyanine green
(ICG) or robotic 8 mm Intuitive ICG) is inserted through the subxiphoidal trocar. The hiatus is then
exposed by elevating the liver with a Cuschieri retractor through the right 5 mm trocar. From here,
the peritoneum on the right diaphragmatic crus is incised, and the lower mediastinum outside the
hernia sac is dissected and circumferentially mobilized up to the left diaphragmatic crus to dissect
the lower esophagus. Opening the right and the left pleura is avoided at any time during the hiatal
dissection. Dissection of the lymph nodes along the lesser curvature of the stomach onto the stomach
wall follows. The upper margin of the retroperitoneal pancreas is now exposed and can be inspected.
A D2 lymphadenectomy following the hepatic ligament, the common hepatic artery, along the celiac
trunk continuing along the splenic artery and of the retroperitoneum is performed. The left gastric
artery and the left gastric vein are ligated, clipped, and divided. The right gastric artery is preserved.
Subsequently, lymph nodes along the retroperitoneum via the crus of the diaphragm up to the lower
mediastinum are mobilized, and the lymphadenectomy is completed above the splenic artery all the
way up to the hilum of the spleen. Opening the gastrocolic omentum access to the omental bursa is
gained, and the greater curvature of the stomach is mobilized starting from the corpus region beyond
the epiploic vessels toward the left crus of the diaphragm, while the gastroepiploic arcade is preserved,
and the short gastric vessels are divided until visualization of the left diaphragmatic crus is achieved.
To later create an omentum wrap covering the anastomosis, a part of the greater omentum just below
the spleen is preserved. Mobilization is completed by separating the colon all the way until the splenic
flexure, confirming sufficient blood supply for the greater curvature. Dissection at the gastric crow’s
foot region is performed followed by the construction of the gastric conduit. A tristapler (Endo Gia
(Covidien), violet, 45 mm) is applied for the first bite of the construction of the gastric sleeve. Using at
least two additional Endo Gia 60 mm violet stapling magazines, construction of the gastric conduit is
completed. Intraoperative angiography using indocyanine green (ICG) can, in combination with the
robotic DaVinci Xi system of the laparoscopic Stryker system, demonstrate sufficient blood supply of
the fundus by showing the gastroepiploic vessels via fluorescence.
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4.5. Surgical Technique—Thoracic Part

The following steps for completion of the esophagectomy and reconstruction of the gastrointestinal
passage using a gastric conduit are performed in a standardized fashion using either a minimally
invasive thoracoscopic, robotic, or open approach: The patient is placed in a left lateral semiprone
position for a robotic procedure or in a left lateral decubitus position for an open procedure. Using a
double-lumen intubation, artificial atelectasis of the right lung is achieved. Our standardized steps of
the operation are the same for the robotic or the open procedure. For a robotic approach, three DaVinci
ports and two assistance ports are placed on the right according to the standard, and the robot is docked
from the patient’s right side, creating a view from the left for the operating surgeon. A right-sided
transthoracic approach is used for an open procedure. Using the robotic monopolar cautery hook,
the pulmonary ligament is dissected with the lymph nodes adhering to the esophagus upward toward
the pericardial layer and the azygos vein. Using a tristapler (Endo Gia (Covidien), gold, 45 mm),
the azygos arch is divided. The thoracic duct is identified and clipped with two polymer clips (Grena
Click’aV®). Dissection of the periesophageal fat tissue along the aorta dividing small aortic branches
and along the pericardium is performed. Especially when using the robotic technique, a radical but
controlled dissection of the carinal, retrotracheal, and paratracheal tissue can be performed. Vagal and
recurrent nerves are preserved during this step. Opening the hiatus, a connection to the abdominal
surgical field is made. A monofilament purse string suture is performed, and the gastric conduit is
pulled into the right thoracic cavity. If a minimally invasive approach is chosen, a minithoracotomy of
7 cm length is then created from the incision of the 12 mm upper assistance trocar, and an Alexis S
wound protector/retractor (Alexis Laparoscopic System, Applied Medical) is inserted.

4.6. Surgical Technique—The Esophagogastric Anastomosis

Either a 25 or 28 mm stapler head depending on the patient’s anatomy is inserted and guided into
the esophagus. The prepared purse string suture is used to suture the stapler head into the esophageal
remnant. If necessary, a second purse string suture may be placed. Figure 3 shows the setup for
the creation of the esophagogastric anastomosis. The gastric conduit is then gently pulled upward
into the chest. We always ensure that the fundus lies alongside with the esophageal stump without
tension, which further proofs a sufficient length of the conduit. Intraoperative angiography using
ICG can be again used with the robotic system to demonstrate sufficient blood supply of the graft.
If a robotic approach is chosen, the DaVinci is then disconnected, and the assistant surgeon holds the
camera similar to a thoracoscopic approach. Using a variable number of loads of the Endo GIA stapler
(Covidien), preparation of the gastric conduit is completed. The specimen is removed and preserved
for histopathologic evaluation. A 25 or 28 mm stapler is inserted through the minor curvature of the
stomach, and an esophagogastric anastomosis is made, retrieving two complete donuts. Another Endo
GIA stapler load is used to staple off the open end of the stomach. The previously prepared omentum
wrap is then used to cover the anastomosis. In addition, final control of blood perfusion using ICG
fluorescence can be used.

4.7. Data Analysis and Statistical Evaluation

For analysis of data, patients were divided into two groups based on CS (circular stapler) size
(“small” = 25 mm circular stapler and “large” = 28 mm circular stapler). In addition, a subgroup
analysis of patients who underwent a totally minimally invasive and a robotic esophagectomy was
performed. Continuous variables are presented as means and range. Categorical data are presented as
numbers and percentages. Student’s t-test (for continuous variables) and Fisher’s exact test (for nominal
or categorical variables) were used for all bivariate analyses. Independent predictors of anastomotic
leak were identified by a multivariate logistic regression analysis. All tests were two-sided, with
statistical significance set at p < 0.05. Data were analyzed by GraphPad Software (San Diego, CA, USA)
and SPSS Statistics for Mac (version 21, SPSS).
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Figure 3. Robotic-assisted minimally invasive esophagectomy. The top left picture (a) shows a

minithoracotomy of 7 cm length created from the incision of the 12 mm upper assistance trocar and
secured with an Alexis S wound protector/retractor. The top right picture (b) shows intraoperative
angiography using indocyanine green (ICG). The bottom pictures display how the prepared purse
string suture is used to suture the stapler head into the esophageal remnant (c,d).

5. Conclusions

This large single-center analysis clearly defines anastomotic leak rates of a standardized, unselected
consecutive patient cohort in a high-volume center. We highly recommend that stapler size be always
chosen according to the individual anatomical situation of the patient, but when in doubt, we suggest
choosing the larger diameter. This suggestion may be of even higher relevance to patients undergoing
minimally invasive thoracic reconstruction.
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Abstract:  Background: The purpose of this study was to evaluate the clinical outcomes
following postoperative chemotherapy (XP) versus chemoradiotherapy (XP-RT) according to
mesenchymal subtype based on RNA sequencing in gastric cancer (GC) in a cohort of the Adjuvant
chemoRadioTherapy In Stomach Tumor (ARTIST) trial. Methods: Of the 458 patients enrolled in the
ARTIST trial, formalin-fixed, paraffin-embedded (FFPE) specimens were available from 106 (23.1%)
patients for RNA analysis. The mesenchymal subtype was classified according to a previously
reported 71-gene MSS/EMT signature using the NanoString assay. Results: Of the 106 patients
analyzed (50 in XP arm, 56 in XP-RT arm), 36 (34.0%) patients were categorized as mesenchymal
subtype by NanoString assay. Recurrence-free survival (RFS, p = 0.009, hazard ratio (HR) = 2.11, 95%
confidence interval (CI): 1.21-3.70) and overall survival (OS, p = 0.003, HR = 2.28, 95% CI: 1.31-3.96)
were significantly lower in the mesenchymal subtype than in the non-mesenchymal subtype. In
terms of post-operative radiotherapy (RT), mesenchymal subtype was not an independent variable
to predict RFS or OS regardless to the assigned arm (XP with or without RT) in this patient cohort.
However, there was a trend in the adjuvant XP arm, which showed higher OS than the XP-RT arm for
the mesenchymal subtype and lower OS than the XP-RT arm for the non-mesenchymal subtype.
Conclusions: We could not determine any significant differences between the mesenchymal and
non-mesenchymal subtypes with respect to the effects of adjuvant XP with or without RT in gastric
cancer following curative surgery.

Cancers 2020, 12, 943; doi:10.3390/cancers12040943 189 www.mdpi.com/journal/cancers
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1. Introduction

Gastric cancer (GC) remains an unresolved major health problem in the world, ranking fifth among
the most common cancers, with an estimated incidence of 951,000 cases in 2012 [1]. Furthermore,
it is the third leading cause of cancer-related deaths, with 723,100 patients dying because of it
in 2012. Nevertheless, a gradual improvement in GC management has been achieved, based on
pathophysiological studies, novel surgical techniques, and/or emerging systemic therapies.

Despite significant improvements in clinical outcomes related to the implementation of screenings,
advances in surgical techniques and/or usage of (neo-)adjuvant chemotherapy and/or concurrent
chemoradiotherapy, a considerable proportion of patients still experience recurrences and die of
GC [2-4].

With the recent development of genetic analysis techniques, the molecular classification of GC and
the prognostic value of the different subtypes have been actively studied. The Cancer Genome Atlas
Research Network suggested four types of GC molecular classes [5], whereas the Asian Cancer Research
Group (ACRG) proposes another classification [6]. In particular, the ACRG suggested prognostic
differences according to each molecular subtype and validated the survival differences in an independent
cohort. According to this study, the mesenchymal (microsatellite-stable with epithelial-to-mesenchymal
transition phenotype, MSS/EMT) tumors showed the worst prognosis with younger age at diagnosis,
and higher recurrence rate with first presentation of peritoneal seeding. In addition to these clinical
features of the mesenchymal subtype, the association of hypoxia and the increase in poly [adenosine
diphosphate-ribose] polymerase-1 (PARP-1), which repairs deoxyribonucleic acid (DNA) damage, has
been reported [7-9].

Recently, our group performed a study to predict outcomes in patients with the mesenchymal
subtype using a NanoString assay in 70 ACRG specimens [10]. The mesenchymal subtype showed
significantly worse survival compared to the non-mesenchymal subtype following curative surgery in
GC [11-13]. The impact of mesenchymal subtype which could be clearly related with radioresistance,
like hypoxia and increment of PARP-1, in terms of radiotherapy (RT) efficacy has not been defined
yet although several studies have demonstrated that mesenchymal subtype predicts poor outcome
following chemotherapy in GC [11-13]. It would be appropriate to evaluate the efficacy of RT
on mesenchymal subtype of GC through the ARTIST trial which had been conducted to compare
postoperative chemotherapy (XP) versus chemoradiotherapy (XP-RT) following complete curative
resection with D2 lymph node dissection in GC (clinical trials.gov identifier NCT00323830).

In this study, we investigated the clinical outcomes according to the application of adjuvant XP-RT
or XP for mesenchymal and non-mesenchymal subtype cancers in a cohort of the ARTIST trial.

2. Methods

2.1. Patients and Samples

This study was performed on patients who participated in the ARTIST trial who agreed to have
their tissue studied, and whose tissue surgical specimens were available and sufficient for ribonucleic
acid (RNA) extraction. A total of 458 patients (228 assigned to XP and 230 to XP-RT arm), who had
received curative D2 resection without preoperative treatment, were enrolled in the randomized phase
III study, ARTIST trial. The XP arm was expected to receive six cycles of XP regimen (capecitabine
1000 mg/m? twice daily on days 1 to 14; cisplatin 60 mg/m? on day 1 every 3 weeks) and the XP-RT
arm would receive 25 fractions of 45 gray (Gy) RT with capecitabine (825 mg/rn2 twice daily) after
two cycles of XP (as in the XP arm) followed by two additional cycles of planned XP. The planned
treatment was completed in 75.4% of patients in the XP arm and 81.7% in the XP-RT arm [11]. Other
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details of the ARTIST trial, including chemotherapy and RT protocols, were described in previous
reports [8-10]. From the 458 patients enrolled, 106 tissue samples of 359 patients except 99 patients
with stage I were available for evaluation in the present study. Of these, 56 patients were in the XP-RT
arm and the remaining 50 patients were in the XP arm (Figure 1).

Enrolled (N=458)

| Randomly assigned to XP (n=228) | | Randomly assigned to XP-RT (n=230) |
I Tissue available (n=50, 21.9%) I | Tissue available (n=56, 24.3%) |
| Mesenchymal (n=17) | | Non-mesenchymal (n=33) ‘ | Mesenchymal (n=19) | | Non-mesenchymal (n=37) |

Figure 1. Flow diagram of patient inclusion.

2.2. Mesenchymal Gene Signature

Details about the development of the 71-gene MSS/EMT signature (consisting of 60 upregulated
and 11 downregulated genes) using the NanoString assay, and the validation procedure using the
conventional Affymetrix method, are described in a previous report [10]. In that study, 73 samples from
the ARTIST cohort were tested using the 71-gene MSS/EMT signature to validate their mesenchymal
subtype. Twenty out of 73 samples were classified as mesenchymal subtype tumors, which is equivalent
to the MSS/EMT subtype in terms of their dismal outcome, typical characteristics of whole stomach
involvement, poorly-differentiated or signet ring cell carcinoma, and low microsatellite instability.

In this study, we used the outcomes of previous study evaluating mesenchymal and
non-mesenchymal subtype using MSS/EMT gene signature analysis using the NanoString assay
in a total of 106 samples, which consisted of 73 samples used as a validation set and 33 additional
specimens from patients of the ARTIST trial evaluated through further work after publication of the
previous study.

The first site of recurrence was used for the classification and/or analysis of recurrence.
Simultaneous recurrence was defined as any recurrence detected within 2 weeks after the first
detection of recurrence. Loco-regional recurrence (LRR) was defined as recurrence at one of following
sites: anastomosis area, remnant stomach, tumor bed, duodenal stump, or regional lymph nodes
(LN) within the RT field in the XP-RT group or the hypothetical RT field in the XP group. All cases
of suspected LRR were reviewed and evaluated by dedicated radiation oncologists (JIY and DHL;
specialists in gastrointestinal tumors, including stomach cancer) as described in a previous study [13].

2.3. Ethical Approval and Informed Consent Statement

The authors stated that all methods of this study were carried out in accordance with the
Declaration of Helsinki, and the protocol for the present study was reviewed and approved by the
Samsung Medical Center Institutional Review Board (IRB No. 2010-12-088) and all participants in the
ARTIST trial consented to this study after being informed about the purpose and investigational nature.

2.4. Statistical Analysis

Baseline characteristics were compared between the mesenchymal and non-mesenchymal subtypes,
using chi-square or Fisher’s exact test for categorical variables and Student’s t-test or Mann-Whitney
U-test for continuous variables, as appropriate. For each survival-related event, such as LRR, recurrence,
or death, survival times were calculated from the date of surgery to the date of event detection, or
the date of the last follow-up visit. LRR-free survival (LRRFS), recurrence-free survival (RFS) and
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overall survival (OS) curves were estimated and compared between the XP and XP-RT groups, both
for mesenchymal and non-mesenchymal subtypes, with the adjustment for stage, operation type and
classification of Lauren based on the multivariate Cox proportional hazards model. Statistical analysis
was performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) and p < 0.05 was
considered statistically significant.

3. Results

3.1. Patients

Among the 458 patients who participated in the ARTIST trial, a total of 106 (23.1%) formalin-fixed,
paraffin-embedded (FFPE) samples that were available for targeted profiling by the NanoString
nCounter assay were evaluated and analyzed in the present study. The baseline characteristics of
patients enrolled in the present study and all patients in the ARTIST trial are shown in Table S1.
Patients enrolled in this study had significantly more metastatic lymph nodes, and lymphovascular
invasion (LVI) and perineural invasion (PNI) were more common than those of all the patients in the
ARTIST trial. Clinical-Trials.gov identifier: NCT0176146. Trial Registration: clinical trials.gov identifier
NCT00323830 (date of registration: May 10, 2006).

Among the 106 patients enrolled in this study, 56 were assigned to the XP-RT group and
the remaining 50 patients were assigned to the XP group. When testing molecular subtypes
using the developed MSS/EMT signature, 36 out of 106 patients were classified as having the
mesenchymal subtype.

Table 1 displays the detailed characteristics of the enrolled patients having mesenchymal or
non-mesenchymal subtypes of GC. In the mesenchymal subtype group, the ratio of diffuse-type GC,
classified according to Lauren, was significantly higher than that of the non-mesenchymal subtype
group (88.9% versus 60.0%, p = 0.004). Additionally, the proportion of patients who received total
gastrectomy was higher in the mesenchymal subtype group (55.6% versus 40.0%, p = 0.128), although
no statistical significance was found. No differences in the percentage of patients receiving XP or
XP-RT as adjuvant treatment, nor significant differences in the pathologic staging, were found between
the two subtypes.

Table 1. Baseline characteristics of patients.

Variables Mesenchymal (n = 36, %) Non-Mesenchymal (n = 70, %) r
Age—yr
Median 50 57 0.185
Range 36-76 35-75
Sex
Male 17 (47.2) 50 (71.4) 0.019
Female 19 (52.8) 20 (28.6)
Macroscopic type
0 (superficial) 1(2.8) 3(4.3)
1 (mass) 0(0.0) 1(14) 0.039
2 (ulcerative) 3(8.3) 18 (25.7) N
3 (ulceroinfiltrative) 18 (50.0) 39 (55.7)
4 (diffuse infiltrative) 14 (38.9) 9(12.9)
Location of primary tumor
Proximal 1(2.8) 3(4.3)
Body 23(63.9) 32 (45.7) 0.161
Antrum 12(33.3) 29 (41.4)
Multiple/diffuse 0(0.0) 6(8.6)
Type of operation
Total gastrectomy 20 (55.6) 28 (40.0) 0.128
Subtotal gastrectomy 16 (44.4) 42 (60.0)
Lauren classification
Diffuse 32(88.9) 42 (60.0) 0.004
Intestinal 2(5.6) 25(35.7) .
Unclassified 2(5.6) 3(4.3)
No of dissected LNs
Median 42 43 0.824
Range 18-92 14-96
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Table 1. Cont.

Variables Mesenchymal (n = 36, %) Non-Mesenchymal (n = 70, %) r
No of positive LNs
Median 10 8 0.156
Range 0-50 1-38
AJCC 8th stage (pathologic stage)
11 0(0.0) 2(29)
1A 9 (25.0) 23 (32.9) 0.248
1B 16 (44.4) 34 (48.6)
iits 11 (30.6) 11(15.7)
LVI
Positive 29 (80.6) 55 (78.6) 0402
Negative 6(16.7) 15 (21.4) -
Unknown 1(2.8) 0(0.0)
PNI
Positive 21 (58.3) 42 (60.0) 072
Negative 12 (33.3) 28 (40.0) -
Unknown 3(8.3) 0(0.0)
ARTIST
XP-RT 19 (52.8) 37(52.9) 0.994
XP 17 (47.2) 33 (47.1)

Abbreviations: LN: lymph node, AJCC: American Joint Committee on Cancer, LVI: lymphovascular invasion,
PNI: perineural invasion, XP: capecitabine and cisplatin, XP-RT: XP-radiation therapy.

Baseline characteristics of patients randomly assigned to the XP-RT and XP arms of the ARTIST
trial are displayed in Table S2. Age was slightly but significantly lower in the XP-RT arm than in the
XP arm.

3.2. Patterns of Recurrence

During follow up (median: 43.6 months, range: 1.8-72.0 months), recurrence was identified
in 50 patients (47.2%). Among them, 20 (57.1%) recurrences had developed in the mesenchymal
subtype group and the remaining 30 (42.3%) recurrences occurred in the non-mesenchymal subtype
group. Median time to any recurrence was 12.9 months (range: 3.8-75.1 months) in the mesenchymal
subtype group and 18.0 months (range: 4.5-81.3 months) in the non-mesenchymal subtype group.
LRR developed in 20 out of 50 patients, and seven of them were classified as mesenchymal subtype.
Median time to LRR was 26.9 months (range: 3.8-81.3 months) in the mesenchymal subtype group and
23.7 months (range: 1.77-154.9 months) in the non-mesenchymal subtype group. Detailed patterns of
recurrence according to subtype and adjuvant treatment are shown in Table S3. Peritoneal seeding
was the major recurrence pattern in the XP-RT arm, especially in the mesenchymal subtype, and LRR
was more frequent in the XP arm. Fifty-one deaths were registered during this period (30 in the non-
mesenchymal and 21 in the mesenchymal subtype group).

3.3. Prognostic Factors and Survival Outcomes

Table 2 shows the univariate analysis outcomes of LRRFS, RFS and OS according to the
variables, including mesenchymal versus non-mesenchymal subtypes. LRRFS was not different
for the mesenchymal and non-mesenchymal subtypes (p = 0.275); PNI was the only significant
prognostic factor for LRRFS (p = 0.044, hazard ratio (HR) = 3.57, 95% confidence interval (CI):
1.03-12.20). RFS was significantly lower in the mesenchymal subtype group (p = 0.009, HR = 2.11,
95% CI: 1.21-3.70). Other significant prognostic factors for RES were type IV of the macroscopic type
(p < 0.001), total gastrectomy (p = 0.007), stage IV (p < 0.001), PNI (p = 0.014), and Lauren classification
other than diffuse-type (p = 0.028). The RFS was not different according to the adjuvant treatment
of XP or XP-RT (p = 0.500). OS was also significantly lower in the mesenchymal subtype group
(p =0.003, HR = 2.28, 95% CI: 1.31-3.96). Other significant prognostic factors for OS were: type IV of
the macroscopic type (p < 0.001), PNI (p = 0.034), total gastrectomy (p = 0.002), and stage IV (p < 0.001).
Adjuvant treatment of XP or XP-RT did not affect OS.
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3.4. Survival Outcomes for Mesenchymal and Non-Mesenchymal Subtypes

To evaluate the different roles of adjuvant XP-RT or XP between mesenchymal and
non-mesenchymal subtypes, multivariate analysis in both mesenchymal and non-mesenchymal
subtype was performed including the following factors, which were identified as significant factors
not only in the present study but also in many other studies: stage, type of operation, and Lauren
classification. Table 3 shows the outcomes of multivariate analyses of RFS and OS for mesenchymal
and non-mesenchymal subtypes. Additional results of multivariate analyses of RFS and OS for
mesenchymal and non-mesenchymal subtypes including another well-known prognostic factor of PNI
are presented in Table S4.

Table 3. Multivariate analysis of recurrence-free survival (RFS), and overall survival (OS) in
mesenchymal and non-mesenchymal subtypes.

RFS oS
Variable Factor Reference P HR 95% CI p HR 95% CI
Mesenchymal subtype

Stage 1I1B TI/TIA 0.013 5.03 1.40-18.05 0.146 2.33 0.73-7.48

IIIC 0.098 2.41 0.85-6.86 0.079 239 0.90-6.34

Type of operation TG STG 0.035 2.88 1.08-7.66 0.319 153  0.66-3.51
Lauren type other diffuse 0.202 0.24 0.03-2.17 0.981 1.02 0.21-5.93
ARTIST XP-RT XP 0.878 0.93 0.36-2.39 0.129 2.05 0.81-5.20

Non-mesenchymal subtype

Stage 111B T/ITA 0.305 1.67 0.63-4.43 0.257 1.77 0.66-4.74
1IC <0.001 6.08 2.28-16.19 <0.001 7.61 2.68-21.61

Type of operation TG STG 0.055 211 0.98-4.54 0.007 2.99 1.35-6.59
Lauren type other diffuse 0.031 0.36 0.15-0.91 0.029 0.34 0.13-0.89
ARTIST XP-RT XP 0.928 0.96 0.44-2.14 0.541 0.78 0.34-1.76

Abbreviations: RFS: recurrence-free survival, OS: overall survival, HR: hazard ratio, CI: confidence interval, TG:
total gastrectomy, STG: subtotal gastrectomy, XP: capecitabine and cisplatin, XP-RT: XP-radiation therapy.

In the multivariate analysis of RFS for the mesenchymal subtype, stage and total gastrectomy were
significant prognostic factors, compared to the non-mesenchymal subtype, which was significantly
affected by stage, and type of Lauren classification. As displayed in Figure 2A,B, adjusted RFS was not
significantly different according to the adjuvant treatment of XP or XP-RT, either for the mesenchymal
or non-mesenchymal subtype. Forest plots were used to represent adjusted RFS with HR and 95% CI
for the mesenchymal and non-mesenchymal subtypes (Figure 3).

No significant prognostic factors were found in the multivariate analysis of OS for the mesenchymal
subtype. On the contrary, stage, total gastrectomy, and type of Lauren classification were significant
prognostic factors of OS for the non-mesenchymal subtype. OS was not significantly different according
to the adjuvant treatment of XP or XP-RT, either for the mesenchymal or non-mesenchymal subtype.
As displayed in Figure 2C,D, however, there was a minor difference in OS between mesenchymal
and non-mesenchymal subtypes according to the adjuvant treatment group. The adjuvant XP group
showed slightly higher adjusted OS than the XP-RT group for the mesenchymal subtype, and lower
adjusted OS than the XP-RT group for the non-mesenchymal subtype. Forest plots were used to
represent adjusted OS with HR and 95% CI for the mesenchymal and non-mesenchymal subtypes
(Figure 3).
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Figure 2. Adjusted curve of recurrence-free survival (RFS, A,B) and overall survival (OS, C,D) according
to the use of adjuvant XP-RT or XP for the mesenchymal (B,D) and non-mesenchymal subtypes (A,C).
In these curves which were displayed for the average value of the covariates in the study population,
no significant differences related to the use of adjuvant XP-RT or XP were detected, although OS curves
were inverted depending on adjuvant modality for the mesenchymal and non-mesenchymal subtypes
(The presented p-values were based on HR test in the Cox proportional hazards model.).
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Forest plot for adjusted RFS and OS. No significant differences in RFS related to the use

of adjuvant XP-RT or XP for the mesenchymal and non-mesenchymal subtypes were detected (OF,

operation; TG, total gastrectomy; STG, subtotal gastrectomy; O, others, M, mesenchymal subtype; N,
non-mesenchymal subtype).
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4. Discussion

In the present study we evaluated the clinical outcomes according to the adjuvant treatment
(XP-RT or XP) for mesenchymal and non-mesenchymal subtypes of GC in a cohort of the ARTIST trial.
The mesenchymal subtype showed worse prognostic factors, such as frequent recurrence and lower
OS, than the non-mesenchymal subtype, as shown in other reports. However, we could not find any
differences between the mesenchymal and non-mesenchymal subtypes in terms of OS as well as RFS.

Beyond the previous histologic and/or anatomic classification of cancer [14-16], there is a growing
body of research and evidence supporting the use of molecular analysis for precise classification and
tailored management [5,6,17,18]. Although many advances have been made in the management of
GC, it still has a poor prognosis in advanced tumors, becoming one of the areas where molecular
classification is being actively attempted. Our group, which is the third referral institution of Korea,
proposed four subtypes of molecular classification linked to recurrence patterns and prognosis, as
well as to distinct patterns of genomic alterations based on ACRG data which have been validated in
institutional cohorts [6].

Among the four subtypes of our molecular classification, the mesenchymal-like type, which
showed loss of expression of the CDH1 which encodes the protein E-cadherin. It is known that loss of
E-cadherin function decreases the power of cell-to-cell adhesion and increases the cellular motility [19].
It is suggested that the efficacy of local treatment including RT could be limited, because of high
metastatic potential originated from these characteristics of the mesenchymal-like type. Actually, it is
associated with a younger age of occurrence and is diagnosed as diffuse-type at stage III/IV, showed a
significantly higher recurrence rate, higher probability of developing peritoneal seeding at the first
site of recurrence, and extremely poor survival compared to other subtypes. Furthermore, it has been
reported that PARP-1, which is involved in the mechanism of radiation induced DNA damage repair,
is increased in the mesenchymal phenotype, and it could reduce the cell killing effects of RT in prostate
cancer [7,8]. In addition, hypoxia, which is a hallmark of tumor and the most important cause of
radioresistance, was reported to be associated with the loss of E-cadherin [9].

Our group also proposed the classification of certain GC as mesenchymal type by means of a
targeted NanoString gene expression profile [10]. This unique subtype classification may positively
impact the standard management of GC, promoting modifications on current treatment protocols
which would improve their clinical outcomes.

RT is one of the main therapeutic modalities in the oncology fields. Though adjuvant RT combined
with chemotherapy showed survival advantages over surgery alone in the Intergroup trial 0116 [20,21],
there is still controversy as to the real efficacy of RT as an adjuvant modality in complete D2-resection
GC [22]. The ARTIST trial was a randomized phase III trial designed to evaluate the advantages of
adjuvant XP-RT over adjuvant XP after complete D2-resection in GC [11-13]. Superiority of adjuvant
XP-RT over XP was not detected in these patients, except for those with LN metastasis.

Although the optimal indications of adjuvant XP-RT remain controversial, RT is still one of
the most valuable and important treatment modalities in the management of GC, especially in the
neoadjuvant or palliative setting. Furthermore, there is a rapid development of RT technology [23], also
accompanied by an increased understanding of radiation biology [24,25]. In this respect, evaluating
and comparing the effects of RT on GC of the mesenchymal subtype is of paramount importance,
considering its heterogeneity and difficult therapeutic management.

The mesenchymal subtype is known to be closely related to younger age of occurrence and diffuse
type of the Lauren classification, showing a worse prognosis and higher recurrence rate compared
with other subtypes [6,17,18]. Those characteristics of the mesenchymal subtype were observed in the
present study as well. Our group has continued to conduct studies to screen out which GC patients
might benefit from adjuvant XP-RT over XP [4,11-13,22]. We found and reported that the benefit of
adjuvant XP-RT over XP in GC is reduced to patients with diffuse-type GC and younger age, which
correspond to characteristics of the mesenchymal type [12].
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The effect of adjuvant XP-RT in mesenchymal subtype of GC in the present study was not
significantly different than that of non-mesenchymal subtype in terms of RFS, in contrast to the
possibility that the effect of RT might be reduced when considering the characteristics of this subtype.
On the other hand, the adjuvant XP-RT group showed a lower OS curve than the XP group for
the mesenchymal subtype, although without statistical significance. Although we failed to detect
significant difference of RFS between the subtypes according to the adjuvant XP-RT and XP, this
marginal difference of OS might be related to the different patterns of recurrence between the subtypes,
especially LRR and/or peritoneal seeding. Therefore, the possibility of poorer outcomes after adjuvant
XP-RT than after XP for the mesenchymal subtype with complete D2-resection cannot be ruled out.
Further research on this issue is needed.

The present study has some important limitations. First, this study was evaluated in a fraction
of the participants in the ARTIST trial, mainly because of availability of tissue specimens. Therefore,
it is not possible to avoid selection bias in the XP-RT and XP groups, which is minimized by the
random allocation nature of phase III. Second, the patients enrolled in this study have characteristics
that differ from those of all patients in the ARTIST trial. Third, there could be problems originating
from variation in outcomes due to ethnic differences, since the ARTIST trial was conducted at a single
Korean institution. Further similar studies are essential for validation in other ethnicities in order to
generalize present outcomes, because it is well-known that the characteristics and/or clinical outcomes
of gastric cancer are quite distinct according to ethnicity [26-28].

5. Conclusions

We could not determine any significant differences on the effect of adjuvant XP-RT on RFS between
mesenchymal and non-mesenchymal subtypes in this cohort of the ARTIST trial. There was a minor
difference, however, in the adjuvant XP-RT group showing lower OS than the XP group for the
mesenchymal subtype and higher OS for the non-mesenchymal subtype.
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Abstract: The role of conversion surgery in metastatic gastric cancer remains unclear. Cancer
dormancy markers might have a role in predicting the survival in patients with conversion surgery.
We identified 26 patients who went through conversion surgery, i.e., a curative-intent gastrectomy
with metastasectomy after chemotherapy in initially metastatic gastric cancer. As controls, 114
potential candidates for conversion surgery who only received chemotherapy were included for
the propensity score matching. Conversion surgery showed a significantly longer overall survival
(OS) compared with only palliative chemotherapy (median—43.6 vs. 14.0 months, respectively,
p < 0.001). This better survival in the conversion surgery group persisted even after propensity
matching (p < 0.001), and also when compared to patients with tumor response over 5.1 months in
the chemotherapy only group (p = 0.005). In the conversion surgery group, OS was longer in patients
with RO resection (22/26, 84.6%) than without RO resection (4/26, 15.4%) (median—not reached vs
22.1 months, respectively, p = 0.005). Although it should be interpreted with caution due to the
primitive analysis in a small population, the positive expression of NR2F1 showed a longer duration
of disease-free survival (DFS) after conversion surgery (p = 0.016). In conclusion, conversion surgery
showed a durable OS even in patients with initially metastatic gastric cancer when RO resection was
achieved after chemotherapy.

Keywords: gastric cancer; conversion surgery; cancer dormancy; nuclear receptor NR2F1

1. Introduction

The incidence of gastric cancer is widely varied geographically. Despite the trend of steady decline
and country-specific disparity, it remains to be the fifth most prevalent cancer and the third cause
of death worldwide [1,2]. Curative operation is the treatment of choice for resectable diseases. As
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for metastatic gastric cancer, systemic chemotherapy is the standard treatment modality. However,
the prognosis remains poor with a median survival of about 12 months, despite recent advancements
made in chemotherapeutics, including molecular targeting agents and cancer immunotherapy [3].

Conversion surgery is a term for operative resection of primary or metastatic lesions with a
curative intent, after confirming either a complete response (CR) or partial response (PR), following
several cycles of palliative chemotherapy. Although addition of gastrectomy (without metastasectomy)
to palliative chemotherapy in metastatic gastric cancer did not show survival benefit when compared
with chemotherapy only in the previous REGATTA trial [4], there have been recent attempts to conduct
surgery in selected patients with a good initial response to palliative chemotherapy [5-12]. It has been
shown to improve the prognosis in a few retrospective studies. However, whether this improvement of
survival is attributed to conversion surgery or good tumor biology in patients undergoing conversion
surgery remains unclear. The characteristics of patients that might benefit from conversion surgery
also remain unknown.

Cancer dormancy is a clinical phenomenon in which the metastatic disease develops years or
even decades after successful treatment with curative surgery and adjuvant treatment [13]. Dormant
tumor cells might stay in the quiescent state for many years as solitary tumor cells or micrometastases
that are not clinically apparent. Cancer dormancy could be associated with early or late recurrence
after conversion surgery in patients with initial systemic metastasis.

In this study, we compared the outcomes of patients with metastatic gastric cancer who
subsequently underwent conversion surgery after palliative chemotherapy, with patients who only
received palliative chemotherapy using propensity score analysis. We also investigated whether the
expression of cancer dormancy markers might play a role in predicting survival in patients receiving
conversion surgery as a pilot study.

2. Results

2.1. Patients’ Demographic Data

Patient characteristics and the clinicopathologic findings are shown in Table 1. In the conversion
surgery group, 6 patients (23.1%) were >70 years old, and 10 patients (38.5%) had macroscopic
peritoneal dissemination. Of these, the favorable response of CR or PR to palliative chemotherapy was
seen in 17 patients (65.4%). In the chemotherapy only (the control) group, 31 patients (27.2%) were
>70 years old. A slightly higher portion of patients had macroscopic peritoneal dissemination (50.9%),
as compared to the conversion surgery group (38.5%). CR or PR was achieved in the lower proportion
of patients with palliative chemotherapy (51.8%). Both groups were balanced after propensity score
matching (1:2) in terms of baseline characteristics.

All patients received a fluoropyrimidine in combination with a platinum analogue as a first-line
palliative chemotherapy in both groups. Those who showed an overexpression of HER2 also received
trastuzumab. All conversion surgeries were conducted during the first-line chemotherapy, except
in one patient who received conversion surgery during the second-line chemotherapy. The median
duration of first-line chemotherapy before conversion surgery was 5.1 months. After conversion
surgery, the first-line chemotherapy was continued in 13 patients (50%) as a maintenance therapy.

202



Cancers 2020, 12, 86

"asuodsa1 10§ a[qenyeas jou

“gN ‘oseastp d[qels ‘(]S ‘asuodsar [enred ] ‘osuodsar a3o1durod D) ULI0A00NI ‘[emMoIoN( -G “Unerdirexo :x O 10 "qIunIUNs pue ‘qrunixe ‘qewrxniad urpnpur jusde reuonednsaaur
reuonippe ue ym Adesay UOHRUIqUIOd PIAISIRI PUE [eLr) [edTUld Bpun amem dnoid Ajuo Aderaypouwsyd ur syuened $11 jo g pue dnoil £e8ms uorsioauod ur syuaned 9z jo omy
“(¢g = u) dnoi3 Auo Adersyowap paypyewr a100s Apsuadord pue (97 = u) A193ms uorsIEAU0d UBIMIR] ¢ “(F1T = #) dno1d Auo Aderopowrayd pue (97 = 1) A193ms UOTSIDAUOD USIMIAY

(%97¢) 81 (%C'8¥) S5 (%97%¢) 6 AN ‘as
(%F'99) ¥¢ (%8°18) 65 (%¥'99) L1 Ad AD
000°T 8620 asuodsar rowny 3sag
(%61 1 (%670) T (%0°0) 0 unedsio + [peInoIony-g + [Pxe1ed0(
(%61 1 (%S¢ ¥ (%0°0) 0 une[dsp + [pemorony-g
(%L L) ¥ (%€°9) 9 (%6'92) £ unerdsmo + aurqeyoades + undadiay
(%8°82) ST (%9°1€) 9¢ (%e6D) S XOd104
(%9°68) 1€ (%8°8S) £9 (%8°€S) ¥1 ugerdipexo/unerdsp + surqeiades/1g
081°0 110°0 L Aderayjowayd aanerred aurf 3sT
(%EeTH) TC (%6°0S) 85 (%5°8¢) 0T ¥—¢ L103312D)
(%£°£8) 0€ (%1°6%) 99 (%S°19) 91 -1 K103312D
ac6'0 ageo 9J1S DIJLISLIDIN
(%T1O) 1L (%£92) 0¢ (%8°0¢) 8 S[ewa]
(%8°82) 1 (%L°€L) ¥8 (%C'69) 8T AN
¥15°0 628°0 pES
(%1€0) TL (%CL2) 1€ (%1€0) 9 s1eak /2
(%6'92) 0F (%8'TL) €8 (%6'92) 0C s1eak (/>
000'T GG8'0 (89-29) LS (0£~29) 19 (8£-6€) 89 (93uey “ueIpapy) 93y
(%) "ON (2§ = %) Surydgjen (%) "ON (FLT = u) Surydrey
QoneA-d  onpen-d 3100g Ayisuadoig 1013y 3100g Ayisuadoig arojag (%) "ON (9T = 1) aqeres

AuQ Aderayjouray)

A1981ng uoISIaAU0))

‘syuenyed jo somstL)oeIeYD durEseq pue sonyderowa(] T a[qer,

203



Cancers 2020, 12, 86

In the conversion surgery group, R0 resection was achieved in 22 patients (84.6%). Pathologic
CR was shown in 2 patients (7.7%). Subtotal gastrectomy, total gastrectomy, and extended total
gastrectomy were performed in 42.3%, 30.8% and 26.9%, respectively. Lymphatic invasion, vascular
invasion, and perineural invasion were present in 80.8%, 42.3% and 65.4%, respectively (Table 2). At
the first diagnosis before palliative chemotherapy, category 2 was the most prevalent biological disease
status (42.3%), followed by category 4 (23.1%), category 1 (19.2%), and category 3 (15.4%). At the time
of conversion surgery, CR, PR, stable disease (SD), and not evaluable (NE) had been established with
chemotherapy in 2 (7.7%), 15 (57.7%), 3 (11.5%) and 6 (23.1%) patients, respectively.

Table 2. Clinicopathological characteristics of tumor in conversion surgery patients.

Variable N (%)
Initial biological disease category before palliative
chemotherapy
Category 1 5(19.2)
Category 2 11 (42.3)
Category 3 4(154)
Category 4 6(23.1)
Best tumor response before conversion surgery
Complete response 2(7.7)
Partial response 15 (57.7)
Stable disease 3(11.5)
Not evaluable 6(23.1)
Type of resection
Subtotal gastrectomy 11(42.3)
Total gastrectomy 8(30.8)
Extended total gastrectomy 7 (26.9)
RO resection
RO 22 (84.6)
R2 4(15.4)
Lymphatic invasion
Not identified 5(19.2)
Present 21 (80.8)
Vascular invasion
Not identified 15 (57.7)
Present 11 (42.3)
Perineural invasion
Not identified 9 (34.6)
Present 17 (65.4)
Lauren classification
Intestinal 13 (50.0)
Diffuse 10 (38.5)
Indeterminate 1(3.8)
Others 2(7.7)
Histologic differentiation
Tubular adenocarcionma 16 (61.5)
Poorly cohesive carcinoma 5(16.2)
Papillary adenocarcinoma 3(11.5)
No tumor 2(7.7)

204



Cancers 2020, 12, 86

Table 2. Cont.

Variable N (%)
TNM 2
ypT
0 1(3.8)
1 2(7.7)
2 3(11.5)
3 12 (46.2)
4 7 (26.9)
yPN
0 8 (30.8)
1 2(7.7)
2 6(23.1)
3 10 (38.5)
Postoperative stage
2(7.7)
I 2(7.7)
I 3(11.5)
I 10 (38.5)
v 9(34.6)

@ AJCC, American Joint Committee on Cancer 8th edition. One case was diagnosed as poorly differentiated
adenocarcinoma at initial preoperative endoscopic biopsy, but the immunostaining of the resected tumor revealed a
large cell neuroendocrine carcinoma component.

2.2. Survival Outcomes of Conversion Surgery and Palliative Chemotherapy Only Group

The median follow-up duration was 36.1 months in the conversion surgery group and 13.0 months
in the palliative chemotherapy only group. Overall survival (OS) was significantly longer for patients
who received conversion surgery compared to those who only received palliative chemotherapy
(Median OS: 43.6 months, 95% confidence interval [CI], 31.6-not reached [NR]; 14.0 months, 95%
CI 11.0-15.0, respectively, p < 0.001, Figure 1a). The median duration of palliative chemotherapy
before conversion surgery was 5.1 months, whereas 53 of 114 patients (46.5%) who only received
chemotherapy had tumor progression before 5.1 months, while on chemotherapy. Thus, to avoid
a potential selection bias, additional comparison was made between all patients in the conversion
surgery group and the subgroup of patients in the chemotherapy only group whose tumor responded
to or were stabilized with chemotherapy for greater than 5.1 months. This latter group of patients
demonstrated a median OS of 21.0 months (95% CI 15.0-32.0), which nevertheless was appreciably
shorter than that of the conversion surgery group (p = 0.005, Figure 1b).

Out of 26 patients that underwent conversion surgery, 22 patients received R0 resection. Cancer
recurred in 15 of 22 patients (68.2%) that underwent conversion surgery with RO resection. In those
who underwent successful RO resection, disease-free survival (DFS) from conversion surgery was
15.1 months (95% CI 7.5-NR). OS was longer in the R0 resection group (median value—NR, 95% CI
34.8-NR) compared with those without successful resection (21.1 months, 95% CI 12.2-NR, p = 0.005,
Figure 1c, Table S1). There was no statistical difference in OS from the initial palliative chemotherapy
between the group who received noncurative resection (21.1 months, 95% CI 12.2-NR) and the group
who only received chemotherapy (14.0 months, 95% CI 11.0-15.0) (p = 0.642, Figure 1d).

Patients who received RO resection in conversion surgery were further analyzed according to
the initial biological disease status before palliative chemotherapy, chemotherapy duration before
conversion surgery, tumor response to chemotherapy at conversion surgery, and postoperative
pathological staging. A shorter duration of chemotherapy before conversion surgery was associated
with a longer duration of DFS (p < 0.001) from conversion surgery. A less advanced pathological stage
was also associated with DFS from conversion surgery (p = 0.005). In contrast, the between-group
differences in DFS regarding the initial biological disease status before palliative chemotherapy were
not clinically significant (p = 0.071). Tumor response to chemotherapy was not associated with DFS
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from conversion surgery in the conversion surgery group (p = 0.712), but was a prognostic factor in the
chemotherapy only group (OS and progression-free survival (PFS): p = 0.005, p = 0.003, respectively).
The characteristics and clinical course of patients who showed long-term survival (>3 years) among
patients with conversion surgery are described in Table 3.
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— ~ chemotherapy only
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Figure 1. Kaplan-Meier curve for overall survival (OS) in patients who received conversion surgery
and only chemotherapy. (a) Comparison of OS after chemotherapy in patients who received conversion
surgery (n = 26) and those that only received chemotherapy (1 = 114) (p < 0.001). (b) Comparison of OS
after chemotherapy in patients who received conversion surgery (1 = 26) vs. subgroup of patients in
the chemotherapy only group whose tumor responded to or were stabilized with chemotherapy for
5.1 or more months (1 = 61) (p = 0.005). (c) Comparison of OS in patients who received RO resection
(n = 22) vs. noncurative resection in conversion surgery (n = 4) (p = 0.005). (d) Comparison of OS
after chemotherapy in patients who received noncurative resection in conversion surgery (1 = 4) vs.
only chemotherapy (1 = 114) (p = 0.642). (e) After propensity score matching, comparison of OS after
chemotherapy in patients who received conversion surgery (1 = 26) vs. only chemotherapy (1 = 52)
after propensity score matching (p < 0.001). (f) After propensity score matching, comparison of OS
after chemotherapy in patients who received conversion surgery (1 = 26) vs. subgroup of patients with
tumor response of 5.1 or more months after propensity score matching (n = 31) (p = 0.002).
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2.3. Propensity Score Matching Analysis

Propensity score matching analysis was conducted with the purpose of balancing any confounding
covariates, including initial biological disease status category before palliative chemotherapy, best
response to chemotherapy, age, and sex. OS in patients who received conversion surgery and those that
only received chemotherapy was 43.6 months (95% CI 31.6-NR) and 14.0 months (95% CI 13.0-21.0),
respectively, after propensity score matching (p < 0.001, Figure le). Subgroup analysis was performed
with the selected group of patients in which continuous tumor response to chemotherapy was obtained
for 5.1 months or longer in the matched cohort, to reduce selection bias. The median OS was 22 months
in this group (95% CI 14.0-35.0), which was also shorter than that in the conversion surgery group
(p = 0.002, Figure 1f).

2.4. Mortality and Morbidity of Conversion Surgery

Of the 26 patients who received conversion surgery, there was no treatment-related mortality.
Postoperative morbidity was evaluated according to the revised Clavien-Dindo classification of surgical
complications [14]. Overall, 19.2% of patients had an adverse event with grade II or III; one pleural
effusion (grade Illa), one serous leakage (grade II), one pulmonary thromboembolism, and deep vein
thrombosis (grade II), one ileus (grade II), and one pneumonia (grade II).

2.5. Cancer Dormancy Marker Expression

For the group of patients that went through conversion surgery, tissue microarray (TMA) was
performed for the expression of cancer dormancy markers in 18 out of 26 initial biopsy specimens.
Although positive expression (moderate to strong) of NR2F1 was identified in only 4 patients,
the expression of NR2F1 was correlated with DFS after conversion surgery (p = 0.016). No significant
differences in DFS were observed as per the expression of NANOG and MIG6 (p = 0.909, p = 0.314,
respectively, Figure S1).

3. Discussion

The prognosis for those undergoing systemic therapies only for gastric cancers who were either
initially diagnosed as metastatic or having developed recurrence after initial curative resection was
dismal, in spite of recent advancements made in targeted and immune-based therapies [3]. Accordingly,
there have been attempts to proceed to conversion surgery in metastatic gastric cancer in an effort to
add survival benefit to chemotherapy even when systemic treatment only could at least temporarily
control the microscopic disease [4-12].

The strengths of a well-designed randomized trial are indisputable; however, in studies involving
surgical cases, such a study is difficult [15]. It is particularly difficult to undertake a randomized
controlled study design when involving surgical cases of advanced gastric cancer. This is because
surgery is currently the only option for curative treatment in advanced gastric cancer. Consequently,
previous reports that studied conversion surgery in metastatic gastric cancer have adopted observational
study models [4,6-8,10,15-20]. For this reason, most previous studies have obvious inherent limitations
associated with selection bias in patients who received conversion surgery, i.e., better initial response
to systemic chemotherapy or a lesser degree of peritoneal seeding, compared with the group who only
received palliative chemotherapy. Furthermore, due to the inadequate tumor sample data in previous
retrospective studies, there had not been attempts to define specific biological subgroups of patients
who might benefit from conversion surgery.

In this study, we have implemented a propensity score modeling, producing a matched cohort
based on baseline characteristics, as well as the extent of initial biological disease, before palliative
chemotherapy and response to chemotherapy. Our findings were consistent with previous studies
that advocated conversion surgery if RO resection could be achieved, even after adjusting for potential
confounding factors [9,10,12,21,22]. It is noteworthy that patients who underwent conversion
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surgery exhibited a longer survival rate after additionally excluding early disease progression in
the chemotherapy only group. In addition, a shorter duration of preoperative chemotherapy was
an independent predictor of DFS from conversion surgery, which was contradictory to the previous
study [21]. This might in part be attributable to better chemotherapy efficacy in the subgroup of patients
with a shorter duration of preoperative chemotherapy, leading to tumor shrinkage that facilitated
conversion surgery [23]. Another explanation can be lead-time bias, which indicates that a shorter
duration of chemotherapy before conversion surgery leads to a longer DFS after conversion surgery.
Although there was no significant interaction between the initial biological disease status category
before palliative chemotherapy and OS in the conversion surgery group, OS was significantly longer
in patients who had reached less advanced pathological staging, emphasizing the role of systemic
chemotherapy in clinical efficacy for tumor control and down-staging of the tumor for the improvement
of the RO resection rate.

In the initial phases of the metastatic disease, which is a candidate of conversion surgery but is
very likely to have microscopic metastasis, cancer dormancy could be associated with recurrence after
macroscopic curative resection. NR2F1 is an example of a cancer dormancy marker. It was an orphan
nuclear receptor that was thought to be linked to longer DFS in breast and prostate cancer, undergoing
a prolonged asymptomatic dormancy status before resuming metastatic growth [24,25]. Based on our
results, a positive expression of NR2F1 in the initial biopsy specimen conferred a survival benefit in
patients that went through conversion surgery, although this analysis was too primitive to provide any
evidence, due to the small sample size. The small sample size also limited our ability to demonstrate
the statistical significance as prognostic predictors in NANOG, MIG6, and PERK.

The present study has some limitations. First, this study might have some inherent biases due to
the retrospective nature. Nevertheless, we tried to compare patients who received conversion surgery
objectively by propensity score matching and excluding early disease progression in the control group.
Some of the subgroup analyses were novel findings in our study. Second, preoperative staging without
staging laparoscopy could have resulted in over-staging, particularly in cases of peritoneal seeding.
Diagnostic staging laparoscopy and re-evaluation of peritoneal metastasis with staging laparoscopy
might be helpful in improving the diagnostic accuracy and optimizing candidates for conversion
surgery [26,27]. Third, the clinical efficacy of cancer dormancy marker expression in conversion
surgery cannot be definitively concluded, given the relatively small sample size of this study. Even
though the expression of NR2F1 was statistically significant as a good prognostic marker, there were
only four patients who expressed NR2F1 among those who received RO resection in the conversion
surgery group. Other cancer dormancy markers that might have also played a role in determining the
prognosis had limited power to show a statistically significant difference due to the small number of
patients included. The number of patients in the conversion surgery cohort itself, however, was not
small as compared to previous studies. Therefore, adopting cancer dormancy markers as a prognostic
marker in conversion surgery remains a promising option. Fourth, cancer dormancy markers were
evaluated only in the conversion surgery group and those who had only received chemotherapy did
not have comparable tumor tissues for tumor dormancy marker staining. In the future, studies with a
larger sample size comparing the various aspects of cancer dormancy marker expression in both the
conversion surgery group and chemotherapy only group might be warranted for developing a clearer
criterion in selecting patients apt for conversion surgery with better outcomes. Nonetheless, to the best
of our knowledge, this is the first study to adopt the cancer dormancy concept in patients undergoing
gastric conversion surgery, to date.

4. Patients and Methods

4.1. Patients with Conversion Surgery

Forty-nine patients with initially metastatic gastric cancer who underwent gastrectomy after
palliative chemotherapy between January 2006 and August 2016 at Seoul National University Bundang
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Hospital (SNUBH) were identified from the pathology database. Patients were eligible for inclusion
if they had a histological confirmation of adenocarcinoma in the initial biopsy, which was initially
metastatic and had curative-intent gastrectomy or metastasectomy, after two or more cycles of
chemotherapy. The exclusion criteria were the history of neoadjuvant chemotherapy in initially
resectable disease and surgery with palliative intent, i.e., bleeding control. The choice of palliative
chemotherapy was based on physicians’ preference. Twenty-six patients were finally included in the
conversion surgery group (Figure 2).

2006.1 -2016.8 2010.1 -2012.12

Patients with chemotherapy before Gastric cancer patients who
gastrectomy from pathology received chemotherapy

database

Assessed for eligibility (1=229)

Excluded (7=78)
Prior curative gastrectomy
Excluded (#=23)
Neoadjuvant chemotherapy trial (#=2)
surgery (= Palliative chemotherapy (n=151
Palliative surgery (n=14) Y )

Progressive disease (n=4)
Tnitial surgery refusal (1=1)
Others (1=2)

Assessed for eligibility (1=49)

Excluded (1=37)
Initial response of progressive discase

Enrolled control (n=114)

Conversion surgery (1=26)
Matched treated (1=26)

‘ RO Resection (#=22) ‘ ‘ R2 Resection (1=4) ‘ ‘ Matched control (#=52) ‘

Figure 2. Consort diagram of the study.

4.2. Control Patients for Propensity Score Analysis

As for the control group in the propensity score analysis, 229 patients who received palliative
first-line chemotherapy, from January 2010 to December 2012 at SNUBH, were initially screened.
Of these, 78 patients who showed a metastatic recurrence after previous curative gastrectomy were
excluded. Thirty-seven patients with the disease progression at first response evaluation as a result of
primary resistance to palliative chemotherapy were also excluded (Figure 2). After excluding these 115
ineligible patients, 114 patients were considered as the potential candidates for conversion surgery. To
mitigate selection bias for conversion surgery and the potential confounding factors, we adjusted for
the baseline characteristics of the selected patients by propensity score analysis. Propensity scores
were generated with the dependent variables “initial biological disease category before palliative
chemotherapy” and “best responses to chemotherapy”, which were clinically relevant covariates
prior to conversion surgery. Other matched variables included “age” and “sex”. Patients were then
1:2 matched without replacement into conversion surgery and palliative chemotherapy only groups.
Fifty-two patients were finally matched in the palliative chemotherapy only group.

4.3. Data Collection

Initial patients’ disease states before palliative chemotherapy were classified according to the
biological categories of classification, based on the classification of stage IV gastric cancer by Yoshida et
al. [12]. In brief, patients without macroscopic peritoneal seedings were further classified into category
1 (potentially resectable metastasis, i.e., single liver metastasis, few para-aortic lymph node: 16a2,
b1) and category 2 (marginally resectable metastases, i.e., liver metastatic lesion >1, liver tumor size
>5 cm, liver lesion close to the hepatic vein or the portal vein, distant lung metastasis, Virchow’s node
metastasis, or para-aortic lymph nodes: 16al, b2). Patients with macroscopic peritoneal seeding were
classified into category 3 (incurable, no involvement of contiguous organs), and category 4 (incurable
metastases, invasion into other organs). CT scans were conducted to measure the extent of the disease
and evaluate the response after chemotherapy. Tumor responses were divided into CR, PR, SD, NE,
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and progressive disease (PD), according to the Response Evaluation Criteria in Solid Tumors version 1.1.
All patients and tumor information were retrieved from the electronic medical record.

4.4. Expression of Cancer Dormancy Marker

TMA was used for the analysis of the expression of cancer dormancy markers, including
NR2F1, NANOG, MIG6, and PERK. TMAs were generated as described below. Tissue samples
from endoscopic biopsy were fixed in 10% buffered formalin for 24-48 h, and then embedded in
paraffin. The representative cores (2 mm in diameter) were isolated from the individual paraffin blocks
and arranged in new tissue array blocks using a trephine apparatus (Superbiochips Laboratories,
Seoul, Korea). Included cases had tumors occupying more than 10% of the core area. The TMA
blocks contained up to 60 cores. The 4 um sections from TMA blocks were stained with the following
primary antibodies—rabbit monoclonal anti-NR2F1 (Abcam, Cambridge, MA, USA); rabbit monoclonal
anti-NANOG (Abcam, Cambridge, MA, USA); rabbit polyclonal anti-MIG6 (Sigma-Aldrich, St. Louis,
MO, USA); and rabbit monoclonal anti-PERK (Cell Signaling Technology, Danvers, MA, USA).
Immunostaining was performed using the BenchMark XT platform (Ventana Medical Systems, Tucson,
AZ, USA) according to the manufacturer’s instructions. The intensity of expression was interpreted as
0, 1+, 2+, and 3+. Intensity of 2+ or 3+ in at least 10% tumor cells was defined as positive expression;
that of 0 or 1+ was defined as negative expression (Figure 3).

Figure 3. Tissue microarray (TMA) core of the cancer dormancy markers. (a) Negative expression of
the NR2F1. (b) Positive expression of the NR2F1. (c) Negative expression of the NANOG. (d) Positive
expression of the NANOG. (e) Negative expression of the MIGé. (f) Positive expression of the MIG6.
(g) Negative expression of the PERK. (h) Positive expression of the PERK.
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4.5. Statistical Analysis

Patient characteristics were compared in the matched cohorts via chi-square tests. Survival curves
were compared using the Kaplan-Meier method by log-rank test. DFS was calculated from the time of
conversion surgery to the first evidence of recurrence or death from any cause. We defined PFS as
the time elapsed between the initiation of first-line palliative chemotherapy and disease progression
or death from any cause. OS was measured from the initiation of first-line palliative chemotherapy
to death from any cause or follow-up loss. A two-sided p-value of less than 0.05 was considered
statistically significant. All statistical analyses were performed using the R software version 3.5.0.

This study was conducted in accordance with the ethical standards of the Declaration of Helsinki
and the national and international guidelines. This study was approved by the institutional review
board at SNUBH (B-1708/417-306 and B-1402/240-004).

5. Conclusions

In conclusion, patients with initially metastatic gastric cancer might benefit from conversion
surgery and reach durable survival if the R0 resection can be achieved after chemotherapy. Although
further studies are warranted for validation, the expression of cancer dormancy markers, i.e., NR2F1,
might be predictive in achieving better postoperative survival outcome in patients undergoing
conversion surgery.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/1/86/s1,
Figure S1: DFS from conversion surgery with R0 resection according to cancer dormancy marker expression, Table
S1: The characteristics and clinical course of patients who received noncurative resection with conversion surgery.
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Abstract: Despite the progress during the last decade, patients with advanced gastric and esophageal
cancers still have poor prognosis. Finding optimal therapeutic strategies represents an unmet need in
this field. Several prognostic and predictive factors have been evaluated and may guide clinicians in
choosing a tailored treatment. Data from large studies investigating the role of immunotherapy in
gastrointestinal cancers are promising but further investigations are necessary to better select those
patients who can mostly benefit from these novel therapies. This review will focus on the treatment
of metastatic esophageal and gastric cancer. We will review the standard of care and the role of novel
therapies such as immunotherapies and CAR-T. Moreover, we will focus on the analysis of potential
predictive biomarkers such as Modify as: Microsatellite Instability (MSI) and PD-L1, which may lead
to treatment personalization and improved treatment outcomes. A multidisciplinary point of view is
mandatory to generate an integrated approach to properly exploit these novel antiproliferative agents.
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1. Introduction

The definition of upper gastrointestinal (GI) cancers essentially refers to gastric and esophageal
tumors. The latter, including both squamous cell carcinoma and adenocarcinoma histologies represents
the nineth cause of cancer death worldwide and nearly 40% of patients present with metastatic disease
at diagnosis [1-3]. The median 5-year survival rate is 47% in case of early stage diseases whereas it
decreases to 25% in locally advanced and to 5% for metastatic disease, respectively. Gastric cancer
(GC) remains one of the most common and deadly cancers worldwide. Over one million cases of
GCs are diagnosed every year around the world. It is the 5th most diagnosed cancer in the world [4].
The epidemiology of stomach cancer harbors substantial geographical heterogeneity and the 5-year
survival rate is around 20%, with peaks of about 65% in Japan and 71.5% in South Korea, due high
number of diagnosis in early stage disease revealed by massive population screening programs [5].
The geographic variations are mainly related to differences in environmental factors such as dietary
patterns and salt intake, the prevalence of Helicobacter pylorii (H.P) infection and the virulence of
strains, as well as host factors [6]. Overall patients affected by resectable cancer can undergo surgery
and perioperative therapy with potentially curative purposes. However, most of GC diagnoses are
performed in stage III or IV disease and patients are candidates only to palliative chemotherapy.
In metastatic diseases, 5-year survival rate is poor with a median overall survival (OS) lower than 12
months [7]. Genomic and proteomic expression profiles of oncogenic signaling pathways unveiled
different molecular subtypes of gastric and gastro-esophageal cancers, characterized by specifically
targetable markers [8-10]. The most relevant example regards the HER2 inhibitor trastuzumab, a
monoclonal antibody that binds to the extracellular domain of the receptor, which is now approved in
United States and Europe as the first-line treatment in combination with conventional chemotherapy for
HER2-overexpressing locally advanced or metastatic GCs (about 20% of cases [11]) leading to increased
overall response rates and survivals [12]. Nevertheless, the introduction of targeted molecules does
not result in increased outcome rates and most phase I clinical trials evaluating molecularly designed
agents in GC have failed [13]. In this complex landscape, growing evidence supports the routine
use of immunotherapy with checkpoint inhibitors in the treatment of upper GI cancers, although
their effective role is, still, poorly understood. The main reason is due to the lack of knowledge on
how the genetic asset cooperates with the surrounding stroma giving rise to the highly malignant
phenotype which defines these tumors. Here we summarize the already available data on the use of
checkpoint inhibitors and discuss more recent findings regarding the use of modern immunotherapy,
including adoptive cell therapy and vaccines, alone or in combination with conventional drugs. A deep
understating of the complex interaction between tumor microenvironment and genetic heterogeneity
in this group of tumors, fully requires a multidisciplinary approach that will allow effective and
significant clinical results.

2. How to Diagnose and Stage Upper GI Cancers

Primary esophageal cancer (EC) constitutes the majority (more than 95%) of all esophageal
malignancies. The two main pathologic subtypes of esophageal cancer are squamous cell (ESCC)
carcinoma and adenocarcinoma (EAC). The latter can mimic metastases or direct extension from tumors
of lung or breast. Adenocarcinomas (AC) represent more than 90% of gastric cancers; considering
tumor localization they are subdivided into true gastric AC and GEJ-AC. Growing evidence documents
a shift in the anatomical distribution of gastric cancer, which increasingly originates from the proximal
stomach near the junction with the esophagus and in parallel an increase of EAC affecting the lower
esophagus [14]. Thus, a significant uncertainty might regard the identification of the primary organ site
of adenocarcinomatous transformation. Immunohistochemistry (IHC) is helpful in defining pathologic
entities in case of undifferentiated cancers from the upper Gl tract [15,16]. The most common secondary
malignant lesions are associated to localization of lymphoma and sarcoma; metastatic masses arousing
in the esophagus are rare [17]. Table 1 summarizes the main morphological and IHC features of
primary upper GI cancers. In the case of esophageal adenocarcinoma lesion, differential diagnosis
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to establish the putative primary origin takes into consideration the lung, in which cells frequently
express the thyroid transcription factor 1 (TTE-1), and breast adenocarcinomas, which are generally
positive for estrogen receptor (ER), mammaglobin, gross cystic fluid protein and GATA3. On the other
hand, ESCCs carry some of the same features of small cells carcinomas which develop in other organs,
particularly in the lung and which differentially express common neuroendocrine markers, namely
synaptophysin, chromogranin A and CD56/NCAM. Notably, the TTF-1 expression can be found in
a proportion of ESCCs as well; thus it cannot specifically indicate the lung only as site of primary
tumor growth.

Table 1. A summary of the morphologic and immunohistochemical profiles of upper GI tumors [18-20].
The most common morphologic and immunohistochemical (IHC) traits distinctive of main neoplastic
lesions affecting the upper GI tract.

Tumor Type IHC Markers Gross Features
+ - +/- Macroscopic Appearance Imaging
CKS5, CK6, P53, pl6in
ESCC CK10, CK7, CK20 N cases d Early cancer Double-contrast esophagography: best for
CK14, p40 ass&)gla{le oo Plaque-like lesions: Small, sessile detection of early cancer
HPV infection polyps or depressed lesions CT: Useful for staging. Mediastinal and
CK7, CK8, 40, p16, ER, Advanced cancer abdominal lymphadenopathy and metastases
EAC AMACR, weak ~ PnP O o CK20 - Luminal constriction (stricture)  PET/CT: superior to CT in detecting regional
focal CDX-2 A with nodular or ulcerated mucosa and distant metastases
Chromogranin -Polypoid, ulcerative, varicoid, Endoscopic ultrasonography (EUS): best
Esophageal A NEE irregular constricting forms technique for determining locoregional extent
small cell ! - p40 TTF-1 of tumor
. Synaptophysin,
carcinoma CD56, CKS
TTF1, p40, ER,
- pl6, MUC1, CK20,CDX-2,  Polypoid or circumferential mass - . X - .
d “Ga::n; ma CK8, CK7 E-cadherin MUC1, MUC2,  with no peristalsis through lesion Bestimaging mtzld ng_\rblch;) ntrast barium
adenocarcinoma (Poorly MUC5AC (at fluoroscopy) study, &4
cohesive)

SCC = squamous cell cancer ER = estrogen receptor TTF-1 = thyroid transcriptional factor-1 NSE = neuron
specific enolase.

Comprehensive description of epidemiologic, clinic and pathologic features of upper GI cancers
goes beyond the scope of this work and is already available in many published review papers. All
the data summarized in Table 2. Once diagnosis of esophageal/gastric cancer is accurately confirmed,
disease pathologic classification and staging are required to address patients to the better therapeutic
approach. Siewert classification is a widely used anatomic classification of adenocarcinoma of GEJ and
it is based on tumor location with respect to the gastric cardia. Three types are described: Siewert type I
tumors are adenocarcinomas of distal esophagus, Siewert type II tumors are adenocarcinomas of gastric
cardias and Siewert type III tumors correspond to sub-cardial adenocarcinomas of proximal stomach
infiltrating the GE]. The most recent WHO histopathological classification (WHO Classification of
tumors: Digestive system tumors 2019) modified the conventional Lauren’s criteria distinguishing
gastric cancer into diffuse and intestinal types: diffuse type was reclassified as “poorly cohesive,
including signet ring histotype,” while intestinal type was split into architectural types papillary
and tubular [21,22]. Previous gastrectomy is a known risk factor for the onset of gastric cancer. The
so-called Gastric Stump Cancer (GSC), which occurs in the gastric remnant at least 5 years after the
surgery for peptic ulcer, identifies a separate subtype of GC (1.1/7% of diagnosis) which mainly affects
men [23-25]. The TNM classification represents the most used staging system for upper GI tumors.
Details regarding upper GI staging and classification are available as Supplementary Material as Table
S1-57 [26-30].
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Table 2. Clinical, anatomic, pathologic and imaging characteristics of upper GI cancers. Main clinically

relevant features of esophageal and gastric cancers derived from already available literature data [31-46].

Features

Esophageal Cancer

Gastric Cancer

Squamous Cell Cancer

Adenocarcinoma

Adenocarcinoma

Geographic distribution

Eastern Asia

United States and certain
European countries

East Asia, Eastern Europe, Central, South
America

Smoking history

v

v

v

Other associated
conditions

Obesity
Gastroesophageal reflux
disease (GERD)

Obesity

Socioeconomic position (minors,
fishermen, machine operators, nurses,
cooks, launderers, dry cleaners)
Gastrectomy

Dietary factors

Low apport of fruits and
vegetables leading to low
antioxidant levels and
vitamin deficiencies

Red meat and processed
food items

Protective role of raw
fruits and vegetables and
dark-green, leafy and
cruciferous vegetables,
carbohydrates, fiber, iron

Alcohol

Protective role of fresh fruits and dark
green, light green and yellow vegetables
rich in B carotene, vitamin C, E and foliate

Histology and Anatomic
localization

Squamous lining of
middle esophagus

Glandular differentiation
featuring tubular,
tubulo-papillary or
papillary pattern

of growth.

Distal part of esophagus

Diffuse type: poorly cohesive, including
signet ring histotype

Intestinal type:

papillary

tubular

Proximal stomach near the junction
Distal stomach (intestinal type)

Endoscopic features

Polypoid masses, flat or
ulcerated

Mucosal irregularities,
which might be
associated to ulcerated or
infiltrative lesions
Exophytic masses which
can obstruct the lumen

Early GC (EGC):

- elevated

- superficial

> superficial elevated,
> superficial flat

> superficial depressed

depressed.

The most common lesions of EGC were usually
manifested by erythema and erosion.

Oncogenic viruses

Human Papilloma Virus
(HPV): role not well
established

Helicobacter pylorii (HP)
infection is inversely
correlated

Helicobacter pylorii (HP)
Epstein-Barr virus (EBV) associated
to GSC

Chronic inflammation

Achalasia

Premalignant lesions

Squamous dysplasia

Barrett’s esophagus (BE)

HP-related chronic atrophic gastritis
Intestinal metaplasia and dysplasia
Early GC (10% of diagnosis)

Variants and
differentiations

- Basaloid squamous
cell carcinoma

Verrucous carcinomas _

- Spindle
cell carcinoma
- (or carcinosarcoma)

Mucinous
Signet ring cell

Mucinous
Mixed

3. Main Mutational Patterns and Regulatory Networks

3.1. Oesophageal Cancer

The genomic landscape of ESCC and EAC have been extensively studied through next generation
sequencing (NGS) and computational approaches, even though the understanding of the complex
network of its driver genes is far to be fully understood. ESCC and EAC display distinct sets of driver
genes, mutational signatures and prognostic biomarkers.

Esophageal squamous cell carcinomas resemble squamous carcinomas of other organs more
than they did esophageal adenocarcinomas. The work conducted by Cancer Genome Atlas Research
Network revealed that ESCC showed frequent genomic amplifications of CCND1 and SOX2 and/or
TP63 genes, whereas ERBB2, VEGFA and GATA4 and GATA6 were more commonly amplified in
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adenocarcinomas [47]. Inactivation of the tumor suppressor NOTCH1 gene has been reported in ESCC
but not in EAC [48]. Interestingly inactivating mutations clustered in defined geographic areas, being
more frequent in those ECSSs which affect North American patients than in those aroused in Chinese
population. Moreover, germline mutations in the RHBDF2 gene (17q25) which cause tylosis (focal
non-epidermolytic palmoplantar keratoderma) have been reported to be markers of genetic familial
susceptibility for the early onset of ESSC [49-51].

On the other hand, EAC derives from progressive accumulation of multiple genetic abnormalities
and aneuploidy. Comparative analysis show that most mutations found in EAC could be already
detected in the matched BE which, - at least under genetic profile - identifies an early phase of malignant
transformation [52]. Mutations in the PIK3CA oncogene and in the CTNNBI gene that encodes for
f-catenin are known to occur in BE and changes in several tumor suppressor genes involved in
chromatin remodeling, such as ARID1IA and SMARCA4 as well as in TP53 and SMAD4 are usually
found in tissues with high-grade dysplasia and EAC. Oncogene amplification is typically a late event
in EAC progression. Coherently, genomes of BE tissues are relatively stable compared to those of
invasive tumors, in which almost 40% of the genome is non-diploid. The only common copy number
alteration found in BE is 9p loss of heterozygosity (CDKN2A) [53,54]. Advanced tumors have an
increased copy numbers of several oncogenes (GATA4, KLF5, MYB, PRKCI, CCND1, FGF3, FGF4, FGF19
and VEGFA) and loss of common fragile sites (FHIT, WWOX, PDE4D, PTPRD and PARK2) [55,56]. In
conclusion, EACs emerge rather than from the gradual accumulation of tumor-suppressor alterations,
from a straighter pathway driven by mutations in TP-53 gene and subsequent acquisition of oncogene
amplifications [57]. In this perspective, EACs strongly resemble the chromosomally unstable variant of
gastric adenocarcinoma, suggesting that these cancers could be considered as a single disease entity.
However, some molecular features, including DNA hypermethylation, occur disproportionally in
esophageal adenocarcinomas. Epigenetic modifications are known to contribute significantly to the
pathogenesis of the disease and specific methylation signatures are known to be associated to tumor
progression processes and thus emerge as novel actionable markers. Among them, the methylation
classifier which encompasses the TRIM15, TACC3, SHANK2, MCC and CDKN2A gene silencing is
differentially reported in the progression from BE to transformed areas and not in normal mucosa [58].

3.2. Gastric Cancer

Genetic Features

Gastric cancer is characterized by an extreme molecular heterogeneity, which is defined by
the occurrence of multiple genetic and epigenetic alteration in each disease stage. It should be
underlined that 3-15% of all diagnosis refer to familial and hereditary gastric cancers, among which
hereditary diffuse gastric cancer (HDGC), gastric adenocarcinoma and proximal polyposis of the
stomach (GAPPS) and familial intestinal gastric cancer (FIGC). One third of HDGC is attributed to
hereditary CDH1 mutations [59-61]. Other hereditary syndromes, such as Lynch syndrome, familial
adenomatous polyposis (FAP), Li-Fraumeni, Muir-Torre and Peutz-Jeghers syndromes can occur
with gastric involvement as well [62-64]. In case of genetic diagnosis, prophylactic gastrectomy
might be suggested [65,66]. Within respect to the non-hereditary forms of GC, recent molecular
profiling studies have allowed the shift from the conventional histological classification systems to
four molecularly-based classification groups: (i) EBV-positive cancers (9-10% of gastric AC) harboring
high frequency of PI3KCA gene changes (80%), high levels of DNA hypermethylation, mutations in
PTEN, SMADA, CDKN2A, ARIDA (55%) and BCOR (23%) and increased copies of JAK2, ERBB2, PD-L1
and PD-1 genes, (ii) microsatellite unstable (MSI) tumors, accounting for 22% of diagnosis, which
mainly arise in women and older patients and frequently carry hypermethylation MLH1 promoter
in association with recurrent mutations in the PIK3CA, ERBB3, ERBB2 and EGFR genes [67-69], (iii)
genomically stable (GS) tumors (20% of cases, mainly diffuse-type AC) which mostly affect younger
subjects and are enriched with recurrent CDH1 (37%), RHOA (15%) and inactivating ARID1A gene
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changes. Fusions involving the RHO-family GTPase-activating proteins CLDN18 and ARHGAP26,
have been reported as well [70]; (iv) chromosomal unstable (CIN) subtypes [71] which account for
50% of GCs and harbor extensive aneuploidy, TP53 mutations (71%) and increased copy number of
several genes encoding for receptor tyrosine kinases and their downstream effectors as EGFR, ERBB2,
ERBB3, VEGFA, FGFR2, MET, NRAS/KRAS, JAK2, CD274, PDCD1LG2 and PIK3CA [72]. Overall
tyrosine kinase receptors (TKR) are among the most frequently altered oncogenes in GC and identify
actionable therapeutic targets. A recent genomic study of gastric cancers identified somatic copy
number alterations of seven oncogenes involved in tyrosine kinase/MAP-kinase pathways: KRAS,
EGFR, HER2, FGFR1, FGFR2, MET and IGFIR [73].

3.3. Targeted-Based Therapeutic Strategies

Although a deep analysis of genetic basis of targeted therapy in GCs falls beyond the scope of this
review, some relevant issues are discussed due not only to their clinically relevant role but mainly to
their interaction with microenvironment and immune response. A first example regards the blockade of
HER2 signaling which has significantly improved the outlook for esophagogastric cancer patients and
has allowed the approval of trastuzumab in HER2-positive metastatic gastric/gastroesophageal junction
cancers, as first line approach in combination with cisplatin and a fluoropyrimidine (capecitabine or
5-fluorouracil) [12,74]. HER2 is activated most frequently by increased gene copy number, whereas
somatic mutations rarely occur [75]. HER2 gene amplification in GC is associated with higher invasive
and proliferative tumor cell capacity [76]. HER2-overexpression is associated with male gender,
intestinal type and well/moderate cell differentiation [77]. Anti EGFR antibodies, cetuximab and
panitumumab, combined with chemotherapy did not show benefit in overall survival in first line
treatment in metastatic gastric patients, as reported in two phase III trials, EXPANDED and REAL
3 [78,79]. The angiogenesis is another target in the therapeutic strategy against some solid tumors like
breast, colon and lung cancer and in some instances; it resulted as good target of therapy. In upper
GI cancer Bevacizumab with chemotherapy obtained in one phase III trial better overall response
rate but failed to gain benefit in overall survival (OS), the primary endpoint of that study [80].
Ramucirumab also, another antiangiogenic drug, combined with chemotherapy compared with
chemotherapy alone in phase III trial in metastatic GC patient chemotherapy naive, showed better
progression free survival (PFS) (5.7 vs. 5.4 months) in absence of significant OS improvement [81].
In metastatic patients progressed after platinum-based chemotherapy, ramucirumab plus paclitaxel
gained benefit in OS, as reported in RAINBOW, phase III trial [82]. Also used as single agent, in a
phase III double blind study, in metastatic patient progressed after standard first line chemotherapy,
ramucirumab obtained benefit in OS and good tolerability (REGARD STUDY) [83]. Inappropriate
activation of MET signaling occurs in a several cancer types, including gastric cancer and promotes
tumor cell growth, survival, migration and invasion, namely the Invasive growth genetic program
which is involved tumor spreading and metastatic growth [84,85]. Amplification/overexpression of
the HGF-receptor MET rather than mutated gene can activate receptor tyrosine kinase [86,87]. MET
overexpression/amplification is more common in intestinal-type GC and reported in diffuse GC [88].
Notably, a cross talk between amplified MET and EGFR, HER2 and HER3 has been described and
can establish a signaling network, allowing constitutive PI3K/AKT cascade activation [89]. This
observation suggests robust rationale for combinatorial therapeutic approaches against MET and
EGF receptor family, at least in metastatic GCs [90,91]. DNA repair BRCA1/2 genes mutations are
implicated in defective DNA repair processes and are known to be associated to the susceptibility
towards hereditary breast and ovarian cancers and can occur in other sporadic cancers, among which
gastric cancers. BRCA1/2 mutations are found in 15% of GCs and are associated with poor patient
survival [92]. Overall, BRCAness—the phenotypic condition that characterizes some cancers with carry
defective caretaker gene functions—is associated to high sensitivity to the antitumor agents which
cause double strand breaks of DNA, such as platinum [93]. However this condition suggests that
GCs might benefit from either platinum therapy or poly (ADP-ribose) polymerase (PARP) inhibitors,
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a family of nuclear proteins with enzymatic, scaffolding properties and recruiting ability for DNA
repair proteins and have been already tested in gastric cancer. However, the first results with PARP
inhibitors did not provide encouraging results in metastatic gastric cancer according to a phase 3 study
(GOLD), in which olaparib was used in combination with paclitaxel, since the study did not meet its
first endpoint—defined by increase in overall survival—there being some advantage in those cases
featuring low expression of ATM telangiectasia mutated) protein measured by IHC [94]. These results
confirm that even in a biomarker-enriched population, GC results in a variety and unpredictable
pattern of responses in absence of frankly evident drivers.

3.4. miRNAs as Actionable Biomarkers

Strong evidence suggests that alteration in micro-RNA (miRNA) expression acts as important
hallmark of cancer [95-97]. Expression profiles of miRNAs can distinguish esophageal tumor histology
and can discriminate between normal tissue and the transformed one. Moreover microRNA expression
might identify patients with BE at high risk for progression to adenocarcinoma [98-100]. MiRNA
signatures have been investigated in GC for both diagnostic, prognostic purposes as well as to
differentiate histologic subtypes and other gastrointestinal cancers [101-109]. Thus, miRNA signatures
might act as diagnostic and prognostic in upper GI tumors, biomarkers as summarized in Table 3.

Table 3. MiRNA expression in esophageal and gastric cancers. In each case, expression has been
associated with its functional (diagnostic and/or prognostic) value based on literature reports (PubMed
search according to the following keywords: esophageal/gastric cancer & miRNA).

Cancer Type Diagnosis Prognosis

. Expression in transformed . Tumor cell proliferation and invasive phenotype: miR-26a-5p,
tissues, not in normal areas: -195, -338, -200a-3p, -196a, -486-5p, -218, -503, -374a, -183, -150-5p
miR-21, -34a, -205, -203, -93, e Inhibition of cell proliferation and migration: miR-652, -124,
-375, -494, -29¢, -148, -203 -485-5p, -139-5p, -203-3p, -21-5p, -155

. Role in tumor onset: . T Tumor progression and metastatic capacity: miR-4319, -451,
miR-4286, -502, -374a -1207-5p, -143-5p, -3687, -6743-5p, 20b

Esophageal Cancer Expression in pre-neoplastic | Patient survival: miR-1301-3p, -431-5p, -769-5p, -451

lesions: miR-144, -155

e  Increased cancer risk:
miR-196a2, -146a, -423

e Association with tumor
regression: miR-192, -194

| Metastatic potential: miR-124, -210, -491, -140
Resistance to chemotherapy: miR-193, -141-3p, -27, -96
Sensitivity to chemotherapy: miR-218

Radioresistence: miR-24, -133a, -96

Radiosensitivity: miR-124

e T Cancer progression and metastatic capacity: miR-124, -130a-5p,
-196a, -214, -23b-3p, -370, -129, -31, -548k, -612, -30b, -146a-5p, -92b,
-483-3, -425, -1290, -192, -503, -195, -183

e | Tumor progression: miR-33a-5p, -384, -133a-3p, -615-3p, -120-3p,
-196a, -126, -30d, -199a-5p, -338-3p, -203

e Tumor cell proliferation and invasive phenotype: miRNA-141,

. Expression in transformed -10b-3p, -365, -424, -1470, -214, -503, -375, -18, -101, -889, -208,
tissues, not in normal areas: -16, -518b
miR-17-,-19a, -7,-1297,-196a, e | Tumor cell proliferation: miR-133b, -338-5p, -10a, -6775-3p, -125b,
-613, -143, -122, -302b -302a, -1, -99a, -26, -100, -34a, -150, -383, -186, -1291, -106a, -129-2, T

ESCC . Role in tumor onset: miR-373, survival: miR-30e, miR-124, -874-3p, -502,-335

-153-3p, -145-3p, -449a-5p, e 1 Cell migration and invasion: miR-548-3p,
-483-5p, -455-3p, -100, -181a: -576-5p,-25,-99b,-375,-106b, -630, -675, -373, -200b,-25, -205,-92a

o Increased cancer risk: . | Patient survival: miR-145, -191, -138, -1469, -574-3p, -625, -382,
miR-423, -196a2, -499, -219-1 -17,-18a, -19a, -150, -486-5p:

. | Cell survival, migration and invasion: miR-145, -202, -92b, -328,
-204, -520g, let-7g, let-7i, -218, -101, -217, -494, -508, -429
. T Radiosensitivity: miR-27a, -136, -339-5p,
-193b,-338-5p,-381, miR-22
e  Sensitivity to chemotherapy: miR-145, -125a-5p, -214-3, -449, -218
e Resistance to chemotherapy: miR-24, -455-3p, -483, -214, -141
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Table 3. Cont.
Cancer Type Diagnosis Prognosis
Higher expression in EAC (vs
ESCC): miR-148a, -29¢ e Tumor progression and invasive phenotype: miR-196, -145, -17,
Early tumor onset: -19a/b, -20a, -106a, -330-5p, -99b, -199a-3p, -199a-5p
miR-92a-3p, -223, -31, -375, e Tumor recurrence: miR-331-3p
-192, -196a, -203a, -130,-663b, e  Better prognoses and T patient survival: miR-100-5p, -133b,
-421, -502-5p, -1915-3p, -601, -302c, -222
-4286, -630, -575, -494, | Patient survival: miR-126, -125a, -15, -375(lower):
EAC -320e,-203, -625-3p, -21, -31,

-192, 194, -200a, -194

Low expression in BE
evolving to EAC: miR-153,
-192,-194, -194-3p, -200a, 215,
-133b, -203, -205,-143, -145,
-31, -31-3p, -375, -143,

-145, -215

Chemoresistance: -221, -187

Chemosensistivity: mir-330-5p, -148

Increased expression after chemotherapy: miR-222, -549
Radiosensitivity: miR-31:

Pathologic response (low expression): miR-505 *, -99b, -451, -145
| Patient survival: miR-375, -31, -21

Gastric Cancer

Higher expression in cancer
(vs normal tissue and
gastritis): miR-19a-3p, -22-3p,
-146a-5p, -483-5p, -421,
-29b-1-5p, -27b-5, -10b, -21,
-93,-107, 124, -20a, -22, -10b,
-21,-93,-107,-106 a

High expression in health
gastric mucosa (vs cancer):
miR-26a, -375, -1260, -26a,
-142-3p, -148a, -195, -545
High expression in gastritis
(vs cancer): miR-146a, -155
Histologic differential
expression: miR-200c,
intestinal-type: miR-32, -182,
-143, 520c, -229-5p; signet
ring: miR-99a-5p, Lauren
differentiation: 193b
Expression in pre-invasive
areas: let-7i-5p, miR-146b-5p,
-185-5p, 22-3p

Early cancer onset:
miR-101-3p, 106a, -9 17-92,
223, -324-3p

HP-associated cancer:
miR-17-3p, -17-5p/3p,
-222-3p, -143-3p

Cancer

susceptibility: miR-993
Ectopic expression: miR-143,
-145, -4290: significant impact
on tumor growth

T Cancer progression and metastatic capacity: miR-21,-125b, -199a,
-100,-34a, -146a, -335, -301a, -224-5p, -92a, -136, -106, -129, -215,
423-5p, iR-181a-5, -28, -26a, -155, -589, -142-3p, -23a, -658, -491-5p,
-4284, -200, -634, -196b-5p, -135b-5p, -638, -155, -93-5p, -204, -211,
-93-5p, -144,-229-5p,- 425-5p, -221,-222,-497,- 146a,
-15b-5p,-182-5p,-425-5p, -1258, -551b, -491-5p,-532,-132-3p,-423-3p,
-3622b-5p, -187, -1296-5p, -574-3p, -520b/e, -376¢-3p, -330-3p,
-187,-501-5p, -107,-125b,-221-3p, -558,-135a, -483-5p,- 224, -214, -222,
-218, -224,-363, -935, -371-5p,-183,-500, -181a, -221-3p, -93-5p,
-1296-5p, -663, -508-5p, -96-5p, 32-5p,-373, -153, miR-29¢, -124,
-135a,-148a, -892a, -20b, -451a, -130a, -398,- 192,-215, -23b-3p,
-130a-5p -181a, -18a/19a, -429,-34a, -588,- 543,-885-5p, -153, - 452,
-216b, -92a, -675, -223-3p, -214, -93-5p, -23a, -761,- 424-5p, -520c,
-101, -425-5p, -203, -638, -15b-3p

Tumor recurrence: miR-590-3p

Suppression of malignant development: miRNA-339-5p, -129-5p,
-139-5p, -489, -520f-3p, -143, -148a-5p, -539-3p, -129-3p, -197,
-410,-345,-100, -2195p, -133b, -378, -204, -338, -141, -663, -449a,
-376¢-3p,-135a, -223, -371-5p, -214,- 630, -539, -218, -202-3p, -16,
-1292-5p,- 5590-3p,-155-5p, -361-5p, -449¢, -129-5p, -518, -483, -198,
-1236-3p, -338-3p, -337-3p,-107,-551b, -138, -204, -29a-3p, -495,
-223-5p, -148b-3p, -338, -125a-5p, -585, -148a, -491-5p, -519d-3p,
-122-5p, -188-5p, -708, -122-5p, -429, -100, -630,- 203a, -143,
-199a/b-3p,- 454, -204, -152, -200a, -302b, -373, -185, -3174, 582-5p,
-377,-216a,-361-5p, 142-5p, 329, -197, -599, -130a-3p, 937, -454, -129,
-802, -143,-145, 381, -154, -4317, -519d, -31, -124, -584-3p, -140-5p,
-154, -302b-3p, -26a/b, -143, -206, -455, -379, -320a, -613, -30c-5p,
-944,-30a-5p, -211, -138, -31, -218, -646, -508-5p, -133b, -455,-429,
-2392,-195,- 217, -129-5p, -1228, -181, - 509-3-5P, -584-5p, -135a, 134,
-101-3p, -381, -29¢, 495, -15a-3p, -16-1-3p, 144-3p, 133a, -1296-5p,
-647, -224, -644a, -219-5p, -494, -194, -337-3p, -494, -326, -561,
-509-3p, -133b, -218, -208a-3p, -1248, -19b, -520f, -203, -18, -370,
-200b, -205, -193b, -524-5p, -203, -448, -144-3p, -133a, -1296-5p, -31,
-145, -2392, -143, -206, 302b-3p, -1296-5p, -429, - 577, -129-5p/3p,
-330-3p, -524-5p, -3174, -139-5p, -375, -32, -485-5p, 1915-3p, -16,
-198, -12129, - 876-5p, 105, -1284, -miR-155-5p, 25-3p, -503, -629,
449c¢, -125a-5p, 127, -331, 1224, -142-3p, 491-5p, 339-5p, 129-3p,
-519d, 944, -206,- 411, -4316, -539-3p, -671-5p, -139-5p183, -503,
-551b, -99b-3p, -449a, -505, -129-5p, -93-5p, -429, -132, -874, -493,
-124-3p, -135a, -206, -148a, -621, -337-3p, -211, -429, -203a, -761,
-19b-3p, -6852, -598, - 884-5p, -520a-3p, 140-5p, -1236-3p, -489,
-100-3p, -140-5p, -4268, -618, -1297, -378, -216b, 38

Increased cell proliferation and motility: miR-425-5p, -330-3p,
-99a-5p, -216b, -638, -17, -4513, -374a, -761, -181a, -647, -217,-144,
-23a/27a/24-2, -425-5p,-592,- 374b,-208a, -103a-3p, -423-5p, -340,
-136, -615-3p, -28, -93, -214, -205, -23a/b, -16a-3p, -130a, -105, -744,
-215, -370, - 215, -103, -196a-5p, -224, -186, -17-5p, -490-3p,
-23a/27a/24-2-, 96-5p, -638, -1269, -200c, -3619, -421, -320a, -192-5p,
-181a, -148a-3p, -145, let-7

Chemoresistance: -103, -107, -508-5p, -23b-3p, -590-5p, -13147,-
5-5p, 195-5p, -17, -20a, 21-5p, -125b, -200, -145, -132, -939, 129, 99a,
-491-135a, -424-5p, -1284, -135b, -17-5p, -765,- 522, -106a
Chemosensitivity: miR-223, -200c, |-21, -16, - 494, |135b-5p, -21-5p,
-939, -623, -429, -204, -124 or -3-494, -1,-200, -542-3p, - 320a7, -101,
34a, -33b-5p, -495, -524-5p, -30a, -149, -590-5p, -375, -92a, 375,
-362-5p, -7, -192-5p, -613, -590-5p, -218
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Table 3. Cont.

Cancer Type Diagnosis Prognosis

Pro-angiogenic effect: miR-574-5p, -616-3p

Anti-angiogenic effect: miR-218,

Radiosensitivity: miR-196b, -190

| Patient survival: miR -486-5p, -552, -647, -519a, -126, -532-5p,
-125b, -204, -539, -22, 141, -31, -185, -1297, -19a-3p, 1298, -375,
-338-3p, -203, -490-3p, -144, -302a, -302b, -302c, -204, -485-5p, -29¢,
-124,-135a, -148a, -198, 92a, -1258, -519a, -141, -3923, -29¢-3p, 193b,
-155 (inverse correlation with tumor stage)

4. Tumor Inflammatory and Immune Microenvironment

The concept of targeted cancer approach has been centered on the neoplastic cells. This paradigm
has been now shifted to a more comprehensive understanding of molecular machinery of cancer
development which points out the complex interaction between malignant cells and tumor surrounding
stroma, which is essential to support each steps of malignant progression [110,111]. This issue is mainly
relevant in upper GI cancers in which, on one hand, detection of actionable genetic drivers is rarely
reported and on the other, environmental exposure is known to induce inflammatory responses, which
ultimately leads to constitutive activation of cellular pro-proliferative and pro-survival signals.

4.1. Cancer-Related Immunogenic Cascades

Esophageal cancer cells are considered to display high immunogenicity and can induce
massive antitumor immune responses already in the early disease stages. Moreover, all the main
cancer-associated risk factors, namely smoking and alcohol, are associated with chronic irritation
of the esophageal epithelium and to tissue damage mediated by the consequent production of
reactive-oxygen-species (ROS) [112,113]. In addition, changes in the microbiome defined by a relevant
decrease of Gram-positive bacteria, are associated to both esophagitis and BE [114] and promote
production of lipopolysaccharide (LPS) which in turn, induces inflammation via Toll-like receptor 4
and NF-«B activation. Overall, chronic inflammation activates several cancer-associated signaling
pathways [115]. Among them, interleukin 6 (IL-6)/signal transducer and activator of transcription
3 (STAT3) cascades are known to play a relevant pathogenic role in EC. Many different cell types,
monocytes, fibroblasts and endothelial cells that reside around the tumor mass produce IL-6. Moreover,
EC cells produced both IL-6 and its receptor (IL-6R), thus suggesting that an autocrine/paracrine loop
might cooperate in tumor progression and invasion [116,117]. The overexpression of NF-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells) transcription factor defines a second mechanism
that is known to modulate EC-surrounding microenvironment. Notably, NF-«B is emerging as a
potentially effective target since it is involved in regulating cellular apoptosis and angiogenesis [118].
Its main downstream transducers are interleukin-1$ (IL-1f3) and interleukin-8 (IL-8). The latter, also
known as CXCL-8 (C-X-C Motif Chemokine Ligand 8), acts as neutrophil chemotactic molecule and is
implicated in the progression of several cancer types, among which EC [119]. Similarly, the activation
of IL-13 is associated to tumor growth, chemoresistance and poor patient prognosis [120]. STAT3 and
NF-kB converge on several transducers: among them, prostaglandin E, produced by cyclooxygenase-2
(COX-2), which is active in promoting upper GI cancer-related inflammatory reactions and, ultimately,
in inducing chemo-resistance [121]. Chronic inflammation is also involved in attenuating anti-tumor
immunity, which is orchestrated by several cell populations such as myeloid-derived suppressor cells
(MDSCs) and regulatory T cells (Tregs). Expansion of MDSC or immature myeloid cells is modulated
by inflammatory mediators (IL-1f, IL-6 and PGE2) [122] and growth factors (i.e., VEGF). These cells
can directly inhibit T-cell activation and natural killers (NKs) cytotoxicity, while induce Tregs [123].
The latter are also directly recruited by EC cells through CCL-17 (C-C Motif Chemokine Ligand 1)
and CCL-22 (C-C Motif Chemokine Ligand 22) production and by macrophages via the CC-R4 (C-C
chemokine receptor 4 receptor) [124]. Moreover, they can derive from the conversion of Th-17 cells
when stimulated by TGF-f and IL-6 [125]. Other immune cells, such as tumor-associated macrophages
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(TAM), display more pro-tumorigenic functions, such as induction of angiogenesis and promotion
of malignant cell invasive capacity. TAM expansion with M2 polarization can occur in the presence
of Th2-related cytokines. Furthermore, TAMs and malignant cells both express immune checkpoint
molecules as PD-L1/2 that can inhibit T cell activation. Indeed, high PD-1/2 expression in EC [126] has
been correlated with decreased CD8+ T cell infiltration [127]. The other checkpoint molecule CTLA-4
most often acts as inhibitory receptor on immune cells; however, its expression has been also reported
directly in tumor cells [128]. In EAC patients, the upregulation of Th-2 associated cytokine (e.g., IL-4
and IL-13) promotes M2-differentiated macrophage infiltration. In ESCC patients, increased secretion
of tumor-derived macrophage chemoattractant protein-1 (MCP-1) results in TAM infiltration [128].
In addition to the above described cells, which overall feature immunosuppressive behavior, another
type of stromal element, the cancer associated fibroblasts (CAFs) negatively modulate antitumor
immunity in various cancer types, among which EC [129]. CAFs—in EC—can trigger the expression of
fibroblast activation protein (FAP) and, in turn, induces the secretion of IL-6 and CCL2 [130] which are
involved in creating an immune-suppressive tumor stroma, mainly characterized by M2 polarization
of activated macrophages [131].

Esophageal cancer and gastric cancers are known to carry many common molecular features,
which are, more frequently, shared by EACs and intestinal type of gastric tumors [132]. They derived
from the inflammation-metaplasia cascade that occurs in the esophageal epithelium in OAC and
in the gastric epithelium in intestinal-type GC. Barrett esophagus and OAC may thus originate
from a unique gastric stem fraction, originated from the cardia. Within respect to GC, by matching
two key elements, which define the tumor-associated immune milieu, namely the tumor-infiltrating
lymphocytes (TILs) and the PD-L1 expression level, four different neoplastic subgroups, emerge with
specific and prognostic score. The type I (TILs+ PD-L1+) is defined by adaptive immune resistance,
quite opposite the type II (TILs— PD-L1-)is characterized by immune neutrality; type III (TILs—
PD-L1+), shows intrinsic induction whereas in type IV (TILs+ PD-L1-) other suppressors might have
a role in initiating immune tolerance. [133]. Overall, high expression of PD-L1 associated to CD8+,
CD3+ and CD57+ TILs and low densities of FOXP3+ TILs represent favorable prognostic factors [133].
As reported above, an increase in the M2 macrophage component predicts poor prognosis, except for
signet ring cell carcinoma and mucinous adenocarcinoma in which it has been associated to a favorable
outcome [134].

4.2. The Role of Extracellular Vesicles

Extracellular vesicles (EV) cooperate in modulating the crosstalk between GC cells and surrounding
stroma. They are secreted by several cell types and released to the extracellular space; based on their
size they are defined as: exosomes (30-100nm in diameter), microvesicles (MVs, 100-1000 nm in
diameter) and apoptotic bodies (1000-5000 nm in diameter). The smallest type, the exosomes, are
nano-sized vesicles, which are enveloped by a lipid bilayer and are, then, secreted from the plasma
membrane into the extracellular space. They play an important role in GC onset and progression [14]
mainly through overexpression of multiple proteins, miRNAs and LncRNAs [135,136]. Interestingly
it has been documented that they actively promote distant growth of neoplastic clones. In detail,
Zhang et al. showed that epidermal growth factor receptor (EGFR)-containing exosomes secreted by
GC cells can be delivered into the liver, where they were ingested by liver stromal cells. Here, EGFR, by
inhibiting miR-26a/b expression, activated hepatocyte growth factor (HGF) [137]. The latter, through a
quite paracrine loop, bound its receptor MET expressed on the migrated cancer cells thus triggering
the MET-driven invasive growth process [138].

4.3. Modulation of Tumor Microenvironment by lonizing Radiation

In this complex context, the role of ionizing radiation and its interaction with TME emerges as
relevant, both locally and under the perspective of its potential abscopal effect. Indeed radiotherapy
(RT) represents one of the main treatment strategies in the therapeutic management of oncologic
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patients, among which those affected by upper GI cancers. Although primarily addressed to kill cancer
cells, ionizing radiation also regulates the expression of the different immune cells normally recruited at
the periphery of the tumor [139]. Such interactions are likely to impact on tumor growth/dissemination
and the capability of a systemic treatment to be particularly efficacious in tumor control. More
specifically, radiation, which can be delivered in different doses and treatment fractions, can from one
side act as an in situ vaccine leading to immunogenic tumoral cell death; this event is responsible
for the release of specific tumor associated-antigen and other molecules (DAMPS) which activates
antigen-presenting cells (APC) which ultimately lead to CD8+ Cells activation. Besides, radiation can
not only stimulate intratumoral infiltration of macrophages but can also lead to an overexpression
of both FGF2 and its receptors (FGFRs). This signaling pathway can switch macrophage phenotype
from M1 to M2, which is typically associated to resistance to radiation [140]. Moreover, in EC and
GC, increased PD-L1 expression levels have been associated to worse response to ionizing radiation,
at least in neoadjuvant setting. The mechanistic explanation of this finding has been related to the
overexpression of PD-L1. The latter is directly promoted by the interferon-gamma produced by
the CD8+ lymphocytes, through the Janus kinases-Signal Transducer and Activator of Transcription
proteins (JAK-STAT) pathway. Notably, high PD-L1 expression has been associated with the induction
of the epithelial-to-mesenchymal transition phenomenon is required to tumor distant spreading [141].

5. Immunotherapies: Novel Insights and Advances

Systemic treatment of advanced upper GI cancers encompasses combination of multiple lines of
chemotherapy, in absence of standard of care regimens. Combinatorial schedules include platinum
and fluoropyrimidine doublets, cisplatin/5-fluorouracil (5-FU) or cisplatin/capecitabine. Trastuzumab
is associated in HER2-positive cases. Other molecules, such as irinotecan and taxanes, can be
associated with fluoropyrimidines and/or platinum or monoclonal antibodies as ramucirumab (a fully
humanized molecule directed against vascular endothelial growth factor receptor 2-VEGFR2) or used
as monotherapy for unfit patients (for detail see https://www.nccn.org, [142-146]).

5.1. Immune Checkpoint Inhibition in Clinical Trials

Immunotherapy with immune checkpoint inhibitors (ICIs) has led to a deep change in therapeutic
paradigms of advanced tumors, including that of upper GI cancers. However, until now no validated
role for immunotherapy has been approved. About 50% of these tumors express PD-L1 but unlike
NSCLC or melanoma, this expression occurs predominantly in the peri-tumor inflammatory stroma
while it is minimal on cancer cells [147]. Thus, the specific localization, affects, on one hand, PD-L1
expression as validated biomarker, whereas, on the other, is coherent to the poor responses to ICIs
that typically characterize these cancers. Similarly, CTL-4 is considerably expressed in GCs (about
80% of cases but it mostly regards immune stroma cells. Detailed lists of studies evaluating immune
checkpoint inhibitors are easily available in literature [148,149]: Table 4 summarizes the first and
key clinical trials which evaluate the role of most known ICIs (nivolumab and pembrolizumab) in
therapeutic intervention against upper GI tumors. The results from ATTRACTION family trials
provide robust evidence for the use of nivolumab in case of first line chemotherapy failure. Overall,
they led to the approval of nivolumab as therapeutic option in PD-1-unselected metastatic/recurrent
gastric cancer in Asian population (Japan, Taiwan and Korea) [150,151]. The PD-binding monoclonal
antibody pembrolizumab has been reported, by the KEYNOTE series trials, to add an advantage
in patient outcome when used in advanced disease, mainly in those tumors which overexpress
PD-L1. However, in the KEYNOTEOQ61 trial [152], pembrolizumab failed to provide a survival
benefit over paclitaxel in advanced GC patients who had progressed after first line treatment with
standard chemo. More recently, the novel anti PD-1 antibody, toripalimab, has demonstrated a safe
profile and promising antitumor activity in patients with advanced GC alone or in combination with
conventional chemotherapy schedules. In this context, the high tumor mutational burden (TMB)
emerged as powerful predictive marker of overall survival (OS) [153]. The phase III, randomized
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JAVELIN Gastric 300 trial has been the first comparing avelumab, an anti-PD-L1 antibody, with
chemotherapy in the third-line setting in advanced GC/GE]J cancers. Avelumab failed in improving
OS but demonstrated an anti-tumor activity comparable to that of chemotherapy with a more
advantageous safety profile [154]. The combination of two different ICIs (anti PD-1 and PD-L1 or
anti CTL4) have shown, until now, controversial results. The association of tremelimumab (anti
CTLA-4) to durvalumab (anti PD-L1) did not add significant advantages in chemo-refractory GC
and GJE cancers [155], whereas the combination of nivolumab and ipilimumab demonstrated more
favorable safety and efficacy profiles [156]. Although further investigations are required, combinatorial
approaches are now under investigation even in adjuvant settings [157,158]. Among phase III studies,
the KEYNOTE-585 trial (NCT03221426) is evaluating perioperative administration of pembrolizumab
plus chemotherapy [159] and the Asian ATTRACTION-05 trial (NCT03006705) is comparing S-1/CAPOX
(capecitabine plus oxaliplatin) plus nivolumab vs. 5-1/CAPOX plus placebo as postoperative approach.
Furthermore, two randomized phase II trials are currently ongoing: the DANTE trial (NCT 03421288)
evaluating peri-operative use of atezolizumab (anti-PD-L1 antibody) combined with FLOT (docetaxel,
oxaliplatin, leucovorin and 5-fluorouracil) [160] and the IMAGINE NCT04062656 randomized, four-arm,
chemotherapy-controlled modular trial in subjects with histologically confirmed, resectable GC or GEJ
adenocarcinoma. An increase to 35% is estimated to be clinically relevant when patients are treated with
either nivolumab in combination with chemotherapy or nivolumab and another immuno-oncology
agent (e.g., ipilimumab or relatlimab) [161,162]. Great interest is now addressed to the combination
of ICIs and targeted molecules, which seems to be promising although findings are still afar to be
conclusive. The combination of durvalumab, targeting PD-L1 olaparib, a PARP (poly ADP ribose
polymerase) inhibitor, seemed to be well tolerated in absence of serious adverse event as demonstrated
by the phase Il MEDIOLA basket trial, which included advanced GCs [163]. Similar results, in terms
of safety and clinical activity, have been obtained by adding durvalumab to targeted VEGFR?2 inhibitor
ramucirumab [164].

Table 4. Main clinical trials evaluating ICI in upper GI cancers [165-172].

Study Design and Phase ICI Cancer Type Population Endpoint Results
ESCC refractory or
ATTRACTION-1 open-label, nivolumab intolerant to 65 Japanese Safety, Positive
single-arm, II standard pts efficacy
chemotherapies.
Nivolumab group
unresectable : N
randomized, advanced or Tnf)(:tal:s S/)ss ! E 122
double-blind, . recurrent G/GE] 49 pts (Japan, months in the placebo
ATTRACTION-2 placebo-controlled nivolumab cancer refractory to, ~ South Korea, 0s group. The 12-month
m or ls“;‘:gﬁgt of Taiwan) OS was 26.2% with
chemothera nivolumab and 10.9%
Py with placebo
. unresectable 419 pts (210 . .
multicenter, . X increased OS (median
ATTRACTION-3 randomized, nivolumab vs. advanced- recurrent nivolumab 05 05109 vs. 8.4
n-label, TIT chemotherapy ESCC (regardless of vs. 209 months)
ope ’ PD-L1 expression)  chemotherapy)
40
randt:yn;lgzed Well tolerated. ORR
unresectable Pts, 57.1% with nivolumab
multicenter, nivolumab + S1 advanced or (nivolumab plus SOX and 76.5%
L plus SOX, 21; Safety, . . )
ATTRACTION-4 randomized, +SOX or recurrent nivolumab efficac with nivolumab plus
open-label, I capecitabine HER2-negative v 135 leacy CapeOX. Median PFS
G/GE]J cancer CapEOX 18) 9.7 months and 10.6
and 38 (21 months.
and 17)
o
multicentre, open PD-L1-positive Safety, 1111&:11%{::12&/:
KEYNOTE-012 label llb P pembrolizumab advanced G/GEJ] 39 patients objective adverse event
d adenocarcinoma response crse events.

22% ORR
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Study Design and Phase ICI Cancer Type Population Endpoint Results
ORR: 11.6%

global, open-label, reviously treated Safet complete response:
KEYNOTE-059 single-arm, pembrolizumab P Y 259 pts ) Y 2.3%
¢ G/GE] cancers efficacy .
multicohort, IT serious adverse
events: 0.8%
metastatic ESCC, 000
open-label, EAC that ORI;iZﬁtf ?“n;g?fnall
KEYNOTE-180 interventional, pembrolizumab  progressed after 2 or 121 pts ORR patients,
. . duration of response
single-arm, IT more lines of
not reached
therapy
Pembro and chemo
showed comparable
OS. Pembro: showed
pembrolizumab . 628 and 123 OS in the favorable OS in ESCC
. . . advanced/metastatic .
open-label vs. investigator’s ESCC and EAC or pts in the ITT, and and CPS >10 groups
KEYNOTE-181 pen ! choice chemo as : global and PD-L1 CPS in the global cohort
randomized, I1I X Siewert type I GEJ . . .
second-line adenocarcinoma China >10 and in all groups in
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Opverall, there is an extreme heterogeneity regarding the efficacy of immune checkpoint inhibition
in upper GI cancers. It should be noted that published data are highly heterogeneous within respect
to disease stage, treatment schedules, different methods of evaluation of PD-L1 expression levels
(tumor proportion score (TPS), combined positive score (CPS), different antibodies used for PD-L1
immunostaining, heterogeneity of considered cells (tumor, stroma and immune cells), cut-offs for
positivity (1-50%). Moreover, results could be biased by the fact most of the trials have been conducted
only in Asia. The findings also reflect the heterogeneity of the patients enrolled in the trials, which led
to controversial results concerning the prognostic implications of PD-L1-expressing tumors. From
published data however, several issues deserve main special attention. A relevant example regards a
meta-analysis of 15 studies (the vast majority enrolling Asian patients) performed by Gu et al. Overall
the authors analyzed 3291 patients and a tremendous heterogeneity in PD-L1 IHC positive expression
was reported (from 14.3% to 69.4%) mainly as a consequence of the cut-off values used in different
studies (ranging between >1% and >50%) [173].

5.2. Tumor Mutational Burden as Actionable Targets

As above mentioned, tumor mutational burden (TMB) behaves as effective biomarker for response
to anti-PD-L1 treatment in diverse tumor types and in chemo-refractory GCs [157,174]. Accurate TMB
measure requires next generation sequencing techniques (NGS), thus surrogate markers are under
investigation for routine sample management. Among them, the TGFB family members (TGFBI,
TGFB2 and TGFB3) are active transducers in the epithelial-to-mesenchymal transition (EMT) process.
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Overexpression of TGFB2 has been reported to be positively associated with EMT status and negatively
with TMB levels in GC. It affects TMB levels by regulating the DNA damage repair pathways and
immune infiltrates, thus suggesting that detection of TGFB2 expression may predict response to ICIs
in GC patients [175]. Furthermore, immune checkpoint inhibitors have been used to treat advanced
GCs carrying high-frequency microsatellite instability (MSI-H) or mismatch repair defects (AMMR).
Microsatellites are short tandem repeats of DNA, which are mostly located in the non-coding genetic
or near the chromosome telomeres and their instability defines hyper-mutable phenotype likely caused
by defects in mismatch repair (MMR) [176]. The presence of defective MMR genes, which affect about
17-21% of GCs [177] increases the occurrence of somatic mutation to a mean value of more than 1780
compared to 70 changes that can be found in non-defective lesions [178]. It might predict response to
anti PD-L1 agents since the occurrence of genetic changes can potentially allow to encode for not-self
immunogenic neoantigens.

5.3. Active Immunization Strategies

The above-described results provide a solid rationale for identifying GC patients who may benefit
from ICI therapy based on specific tumor genetic asset [179]. In addition, more recent progresses
have been reached in the field of tumor immunotherapy. During the past decade, the definition of
a strategy to molecularly identify tumor antigens (TA) recognized by immune cells in patients with
cancer lead to dramatic progress in tumor immunology. Active immunization is based on the use of an
immunogen to generate a host response aimed at eliminating malignant clones in a controlled way.
Several strategies have been developed.

5.3.1. Adoption of Cytokines

A first approach regards the adoption of cytokines (e.g., IFN-y, IL-10, IL-2) as relevant component
of immune response. Indeed, they can directly act on immune cells and modulating their proliferation
and signaling against cancer cells. It is well known that cytokines, such as IL-10, are mainly
released because of HP-associated chronic inflammation which is implicated in upper GI cancer
onset and progression [180]. In this perspective, several ongoing trials are under investigation with
both diagnostic and therapeutic purposes. The NCT00197470 study is focused on evaluating the
association of the host genetics with the susceptibility to various gastroduodenal disorders, including
HP-associated gastric cancer in Japanese population. The study aims at identifying polymorphisms in
the IL-1, tumor necrosis factor-alpha (TNF-«) and IL-10 coding genes to clarify the association between
those changes and cancer risks to early locate those individuals at higher risks for gastrointestinal
malignancies development. Another strategy that is now active in solid cancers among which upper
GI tumors regards early detection of cancer recurrence by monitoring changes in a panel of circulating
inflammatory cytokines (IL-1, 6, 8, 10, 12 and TNF-«) before and after chemo-radiation (NCT00502502).
The phase II randomized clinical trial NCT03554395 compares activated CIK (cytokine induced killer
cells) armed with anti-CD3-MUCT bispecific antibody for advanced GCs to evaluate its safety and
clinical efficacy. Another ongoing trial (NCT01783951) has been designed with a similar goal, namely,
to evaluate the antitumor effect and safety of activated dendritic cell CIKs (DC-CIK) plus S-1-based
chemotherapy for advanced gastric cancer. Interestingly, it has been reported that PD-L1 in human
GC inhibits cells to cancer progression and improves cytotoxic sensitivity of cancer cells to CIK
therapy [181].

5.3.2. Cancer Vaccines

A second promising strategy is related to cancer vaccination. Cancer is a disease of genes and
the occurrence of somatic mutations in oncogenes and tumor suppressor genes drives malignant
transformation. However, the accumulation of passenger and driver genetic changes generate
cancer-specific neoepitopes that are recognized by autologous T cells as not-self: these molecules on
the surface of cancer cells identify ideal targets for vaccines [182]. Great interest in addressed towards
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clinical development of such therapeutic approach. Well known cancer peptides/proteins recognized
by CD8+ and CD4+ lymphocytes are, for instance, melanoma-associated antigen (MAGE-3) [183] and
HER-2/neu [184]. Several studies are ongoing. The NCT02276300 study is phase I clinical trial which
investigates vaccination against HER2-derived peptide in advanced breast and gastric cancer. BVAC-B
is immunotherapeutic vaccine, which uses B cell and monocytes as antigen presenting cell and is under
investigation in patients with progressive or recurrent HER2/neu positive GCs (NCT03425773 study).
The NCT00023634 trial has been designed to determine toxicity of EGFRVIII peptide vaccine with
sargramostim (GM-CSF) or keyhole limpet hemocyanin (KLH) as adjuvant approach in patients carrying
EGFRvllI-expressing upper GI cancer. Although not fully documented in upper GI cancers, the variant
IIT of the EGER receptor seems to behave as oncogene in several solid tumors [185]. Another vaccination
strategy aims at using epitope peptide restricted to HLA-A*0201 and a first I trial has confirmed the
feasibility and safety of this approach [186]. Subsequent phase II trial is ongoing (NCT00681252).
Vaccination using survivin epitope peptide might induce cytotoxic T lymphocytes (CTL) from
peripheral blood mononuclear cells of healthy donors. It exhibited specific lysis against HLA-A2
matched tumor cells in vitro and in primary cell cultures derived from GC patients [187]. Vaccination
with autologous tumor-derived heat shock proteins (HSPs) is another novel promising approach in
GC. The HSP gp96-peptide complexes, as chaperone, can specifically interact with antigen-presenting
cells (APCs) and induce their activation. This process allows the secretion of several cytokines and
chemokines which, in turn, promote CD4+ and CD8+ T-cell antitumor immune response [188]. This
approach resulted safe and advantageous in neoadjuvant settings when combined with conventional
chemotherapy in patients affected by les aggressive diseases [189]. Some trials have investigated the
use of vaccines against dendritic cells (DCs), which infiltrate tumor stroma. Importantly, the DC
density predicts GC prognosis, being higher levels associated to improved OS [190]. An ongoing trial
(NCT03185429) aims at learning about the safety and tolerance of autologous TSA-DC cell and evaluates
the efficacy and feasibility of the cell therapy compared to standard regimens. Preclinical [191,192]
and clinical studies [193,194] have demonstrated that DCs transfected with stabilized mRNA coding
for tumor-associated antigen/whole tumor RNA can generate potent anticancer immune responses.
In theory, RNA-based vaccines present some potential benefits if compared to classical vaccination
approaches: (i) they are pharmaceutically safer, since they cannot integrate with DNA and seem to
be active in absence of serious adverse event; (ii) they can target multiple tumor-associated epitopes;
(iii) they are not MHC-restricted. However, their clinical application has been limited, until now,
by difficulties in obtaining stable and efficient mRNA delivery and a technical improvement is
required before fully reaching the clinical scenario [195,196]. More integrated strategies encompass
combination of vaccines with standard chemotherapy, which aims at exploiting the above-mentioned
potentiality of chemotherapy to upregulate tumor immunogenicity. Notably, a preliminary treatment
with conventional chemotherapeutic agents can promote ICI sensitivity, as widely demonstrated in
NSCLC [197] and in BRCA1-deficient triple-negative breast cancer models [198]. In adjuvant setting in
GC, several combinatorial trials are ongoing. The combination of an adjuvant bacille Calmette-Guérin
(BCG) vaccine with chemotherapy can improve OS when compared to chemotherapy alone [199].
Similar results have been obtained with vaccination with gastrin-17 diphtheria toxoid (G17DT)-targeting
gastrin peptide combined with chemotherapy [200]. Chemotherapy treatment can sensitize to vaccine
against tyrosine kinase receptors, as well. For instance, vaccination using peptides derived from human
VEGEFR 1 and 2 combined with standard chemotherapy can significantly increase the OS of patients
carrying advanced GCs [201]. Preliminary results from vaccination with IMU-13, a structure made of
three individual B-cell epitope peptide sequences selected from HER2/neu receptor, plus chemotherapy
vs. chemotherapy alone is ongoing on upper GI cancer patients [202]. Finally, attempts of combinations
of different novel immunotherapeutic strategies are under investigation. In vitro and in vivo strategies
have been adopted to enhance immune response to a low immunogenic tumor cell line obtained from
a spontaneous gastric tumor of a CEA424-5V40 large T antigen (CEA424-5V40 TAg) transgenic mouse.
In detail, lymphodepletion has been obtained by treating animals with cyclophosphamide and then
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reconstructed by using syngeneic spleen cells. Subsequently mice underwent effective vaccination
with a whole tumor cell vaccine combined with GM-CSE. However, recurrence of Tregs should reduce
efficacy of this kind of vaccine in long-term perspective [203].

5.4. Passive Immunization Strategies

Passive immunization is—by definition—induced artificially when antibodies are given as a
therapy to a nonimmune individual. Within respect to cancer, this concept refers to the administration
of active humoral immunity in the form of pre-formed antibodies or effector lymphocytes against
neoplastic clones. Several approaches are under investigation.

Adoptive Cell Therapy

The most promising approach of passive immunization regards adoptive cell therapy. The latter
provides T cells isolated from a patient, manipulated and expanded in vitro and then re-infused into
the patient itself [204]. Adoptive cell therapy (ACT) using TILs refers to the passive transfer into a
patient of antitumor T lymphocytes which can virtually destroy the tumor mass. Similarly, to active
immunization contexts, concomitant treatment with chemotherapy can increase ACT efficacy in GCs.
To sustain this hypothesis, it has been shown that oxaliplatin, by stimulating high-mobility group box
1 (HMGB1) protein to induce anti-cancerous T lymphocytes, can promote immune-mediated apoptosis
of cancer cells [205]. Several in vitro and in vivo studies on drug-resistant GCs, demonstrated that the
combination of alkylating-like agents with CIK cells induces the release of a high amount of cytokines.
It seemed that the T lymphocyte reduction obtained by chemotherapy, can improve the efficacy of
ACT therapy by stimulating the persistence of endogenous T cells in circulation, in parallel with a
reduction of immune reactions in non-transformed organs. However, these encouraging results were
associated with the occurrence of severe infectious adverse events and this point seriously limited
the clinical development of this strategy. A more promising type of adoptive T cell immunotherapy
is related the use of chimeric antigen receptor (CAR) T cells. The latter are synthetic receptors that
can re-program T cells. Their signaling domain enables the CAR T cells to activate effector functions
and expand upon recognition of antigens on cancer cells [206]. Results from preclinical studies of
the clinical use of CAR T cells against upper GI cancers are encouraging, although this approach
requires complex technologies. Moreover, an important issue is the identification of the surface antigen.
Targeting therapeutic tumor markers, such as HER2, CEA and DF2, have been carried out in basic and
clinical studies. The recently designed bispecific T-cell engagers (BiTEs) identify a class of artificial
bi-specific antibodies that are made of two single-chain variable fragments (scFv): the first specific
for a T-cell (typically CD3) molecule and the second specific for a tumor-related antigen. The novel
secretable BiTE, xHER2/CD3, consists of HER2-specific scFv 4D5, CD3-specific scFv OKT3 and flexible
linkers can specifically target HER2+ tumor cells, such as those found in gastric cancer and CD3+
human T cells [207]. Folate receptor 1 (FOLR1), also known as folate receptor alpha and folate binding
protein, is a glycosylphosphatidylinositol-linked protein is frequently overexpressed on the GC cell
surface and it cannot be found in health areas [208]. Both FOLR1-CAR KHYG-1, a natural killer cell
line and FOLR1-CAR T cells has been demonstrated to recognized FOLR1-expressing GC cells in a
MHC-independent manner: this fact promotes the release of several cytokines and induce cancer cell
apoptosis [209]. PSCA, formerly named as prostate stem cell antigen, is a glycosylphosphatidylinositol
(GPI)-anchored cell surface protein belonging to the Thy-1/Ly-6 family. Notably, anti-PSCA CAR-T
cells exert strong anti-tumor cytotoxicity in vitro and can impair tumor dissemination in in vivo animal
models [210]. Interestingly, CAR T cell approach has been exploited also against mesothelin, that is
expressed in GC tissue, both in vitro and in vivo with favorable results defined by strong cytotoxicity
and significant regression of GC subcutaneous masses [211]. Within respect to esophageal cancer,
EphA2 (erythropoietin-producing hepatocellular receptor A2), which is one of the Ephrin receptor
family, is a frequently overexpressed surface antigen. CAR-T cells designed against EphA2 induce the
secretion of many cytokines and display a dose-dependent capacity of cancer cell death in vitro [212].
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Moreover, it is well known that PD-1 can trigger or inhibit signals, which play a main role in the tumor
environment, through combining with PD-L1. This combination can not only block the activation of
T cells by blocking the first and second T cell signal but can also assist regulatory T cells (Tregs) to
play an inhibitory function and induce helper T cells (Ths) convert to Tregs. The widespread presence
of immune checkpoints in a variety of solid tumors, among which upper GI cancers, may be one of
the main reasons for the poor effect of CAR-T technology in solid tumors. Recent indications show
that bi-specific Trop2/PD-L1 CAR-T cells have the high therapeutic potential against GC [213]. Several
clinical studies are ongoing. Among them, the combined phase I and Il NCT03706326 trial in advanced
EC, aims at assessing the safety and efficacy exploiting combination of immune checkpoint blockade
and CAR T cells. In detail, the study evaluates and compares the effects of anti- MUC1 CAR T cells
alone, anti- MUC1 CAR T combining PD-1 knockout engineered T cells and PD-1 knockout engineered
T cells. The efficacy of this approach is now under investigation also in several trials in gastric cancer
patients (NCT02862028, NCT03615313 and NCT03182803).

6. Conclusions and Remarks

Although a relevant number of genomic alterations are known to be active in upper GI cancers,
few actionable targets can be effectively exploited for diagnostic and therapeutic purposes. Growing
evidence suggests that immunotherapy could play a relevant therapeutic role alone and in combination
with chemo-radiotherapy and other systemic therapies. Viral infection, mutational burden and MSI
status are specific players into constant interconnection between tumor and microenvironment, which
modulates response to immune checkpoint inhibitors. The therapeutic landscape is rapidly evolving
due to constant refinement and validation of molecular biomarkers. The unique context-related
malignant behavior that characterizes upper GI cancers drives responses to novel immune and cell
therapies. It remains to be clarified if the genetic and immunological heterogeneity may be somehow
related to the different anatomic districts that globally defines the upper GI tract. A deep understating
of these processes is challenging and requires a multidisciplinary approach. This will lead—in the near
future—to more durable clinical responses in a perspective of full treatment personalization.
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Simple Summary: This study reports a single-center analysis of 55 patients with primary, locally
advanced gastric GIST treated with imatinib mesylate (IM) preoperatively for a median of 10 months.
The therapy yielded shrinkage of median tumor size from 113 mm to 62 mm. This facilitated
50 patients to undergo significantly less-extensive surgical procedures and resulted in a stomach
preservation rate of 96%. The rate of RO resections was 94% and was followed by a mean recurrence-
free-survival time of 132 months with the median not reached. The approach was successful even for
patients starting IM during an episode of upper gastrointestinal bleeding. Neoadjuvant IM therapy
for locally advanced, non-metastatic gastrointestinal stromal tumors (GIST) of the stomach may play
an important role in preserving organ function which might be important for IM plasma levels in an
adjuvant or metastatic setting.

Abstract: Background: Neoadjuvant imatinib mesylate (IM) for advanced, non-metastatic gastroin-
testinal stromal tumors (GIST) of stomach is recommended to downsize the tumor prompting
less-extensive operations and preservation of organ function. Methods: We analyzed the clinical-
histopathological profile and oncological outcome of 55 patients (median age 58.2 years; range,
30-86 years) with biopsy-proven, cM0, gastric GIST who underwent IM therapy followed by surgery
with a median follow-up of 82 months. Results: Initial median tumor size was 113 mm (range,
65-330 mm) and 10 patients started with acute upper GI bleeding. After a median 10 months (range,
2-21 months) of treatment, tumor size had shrunk to 62 mm (range, 22-200 mm). According to
Response Evaluation Criteria In Solid Tumors version 1.0 and version 1.1 (RECIST 1.1), 39 (75%)
patients had partial response and 14 patients had stable disease, with no progressive disease. At
plateau response, 50 patients underwent surgery with an RO resection rate of 94% and pathological
complete response in 24%. In 12 cases (24%), downstaging allowed laparoscopic resection. The
mean recurrence-free survival (RFS) was 123 months (95%CI; 99-147) and the estimated 5-year RFS
was 84%. Conclusions: Neoadjuvant IM allowed stomach preservation in 96% of our patients with
excellent long-term RFS, even when starting treatment during an episode of upper GI bleeding.
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Preservation of the stomach provides the physiological basis for the use of oral IM in the adjuvant or
metastatic setting.

Keywords: gastrointestinal stromal tumor; GIST; stomach; neoadjuvant therapy; imatinib; or-
gan preservation

1. Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors
of the gastrointestinal tract, arising mostly in the stomach [1,2]. GISTs exhibit a broad
spectrum of clinical behavior [2-4] and are characteristically driven by activating mutations
of KIT- or platelet-derived growth factor receptor-a (PDGFR-a) gene in approximately
85-90% of cases [5,6]. Surgery was the mainstay of curative treatment of GIST [7,8]. Since
2001, the natural history of GISTs has been dramatically altered through the use of imatinib
mesylate (IM), a receptor tyrosine kinase inhibitor of KIT [9-11]. Imatinib is approved for
treatment of metastatic or unresectable GISTs and for adjuvant therapy after RO resection
of GIST with significant risk of metastatic spread [11,12].

Although the majority of GISTs are resectable at presentation, a significant number of
GISTs are either locally advanced, requiring challenging and complex operations which
can lead to postoperative morbidity [3], or the tumors also might present as primarily not
resectable with clear margins; however, debulking procedures are difficult to perform due
to the high vascularity of growing GIST lesions [13]. In GIST of the stomach, adopting the
standard therapy of epithelial gastric cancer, i.e., total gastrectomy may produce a conflict
with adjuvant therapy as imatinib plasma levels are significantly below the therapeutic
threshold [14].

The use of IM in the neoadjuvant setting can play an important role by downsizing the
tumor, in this way decreasing the extent of resection (i.e., organ-preserving operation) [15-25].
Particularly in cases of gastric GISTs, neoadjuvant IM therapy may also convert surgical
procedures from an open to a laparoscopic approach.

The purpose of this study was to evaluate the clinic-pathological profile and the surgi-
cal and oncological outcomes of patients with gastric GIST who underwent a neoadjuvant
IM therapy followed by surgery from a prospectively kept database. We particularly were
interested in analyzing a subgroup of patients who had started neoadjuvant therapy in the
clinical setting of acute upper GI bleeding from imatinib-sensitive gastric GIST.

2. Material and Methods
2.1. Patient Selection

From November 2002 to December 2019, 989 patients with histologically proven
GIST were treated by one therapeutic surgical team (PH). Of these, 476 patients had the
primary GIST originating from the stomach(Figure 1). In addition to a prospective phase II
neoadjuvant study (NCT00112632) [23], we subjected patients who had locally advanced,
histopathologically proven gastric GISTs to the similar protocol. The indication was given
when patients would have required extensive surgeries (total gastrectomy or multivisceral
resection) for curative treatment or when the tumors were ill-located (e.g., GIST at the
esophagogastric junction) requiring an abdomino-thoracic approach [26]. Patients with
metastatic disease at time of diagnosis or patients treated because of local recurrence of
gastric GIST were not included in this analysis.
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Figure 1. CONSORT statement.
2.2. Clinical Condition

Only seven patients (12.7%) were asymptomatic and the tumor was detected inci-
dentally (Figure 2). Seven patients had already undergone an exploration (exploratory
laparotomy (1 = 3) or diagnostic laparoscopy (1 = 4)) at another hospital declaring inop-
erability or tumor resection with only multivisceral procedure and therefore had been

referred to our institution.

It is of note that in 10 patients (18.2%), the GIST was diagnosed due to an acute
upper GI bleeding. When there was suspicion on endoscopy and abdominal CT scan, we
immediately started with imatinib after endoscopical control of the bleeding and tumor
biopsy. Patients who suffered from subacute melena or occult fecal bleeding prompting the
diagnosis of GIST were subsumed in the subgroup of tumor-specific symptoms.
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Gender and Age

Males n=33, median 56.3 yrs (range, 33-78 yrs.)

Females n=22, median 61.5 yrs (range, 30-86 yrs.)

Symptoms at diagnosis

Asymptomatic (incidental finding) n= 7({12.7%)

Unspecific sympioms n=23 (41.8%)

Tumor-specific symptoms n=15 (27.3%)

Urging (acute upper Gl bleeding) n=10(18.2%)

Operability

Prior laparctomy/laparoscopy rendering the patient inoperable n=7

Mutational status  exon 11 deletion involving codon 557/558 n=16
exon 11 point mutation n=13
exon 11 duplications, insertions and combinations n=16
exon 13 KB42E n=1
exon 9 mutation n=1

no mutation detectable on biopsy/resection specimen n=48
Response monitoring by 18F-FDG-PET
Ves n=17

no n=38
Figure 2. Demographic, clinical and histopathological data.

2.3. Imatinib Mesylate Therapy and Response Assessment

The treatment plan of each patient was managed by a multidisciplinary GIST team
consisting of surgical oncologists, medical oncologists, pathologists and radiologists. Before
treatment started, tumor biopsy was obtained and all patients had confirmed diagnosis of
GIST. Mutation analysis was always carried-out when enough tissue material was available.
Risk stratification into very low, low, intermediate and high risk followed the NIH-Fletcher
criteria for GIST risk assessment [1].

Imatinib was given orally at 400 mg per day, as a single daily dosing; one patient
with KIT exon 9 mutation received 800 mg of imatinib. The duration of IM therapy was
intended to last 6 months or as long as the tumor was still shrinking in size.

Response to neoadjuvant IM therapy was evaluated 1 month after the treatment start
and then every 3 months either with positron emission computed tomography (PET-CT),
dual-energy computed tomography (DE-CT) or contrast-enhanced magnetic resonance
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imaging (CE-MRI). PET imaging was only used to make sure that the tumor would re-
spond to imatinib. Thus, it was of importance in the earlier patients when the results of
mutational analysis took longer than it does today. Response was determined according
to the Response Evaluation Criteria In Solid Tumors version 1.0 and version 1.1 (RECIST
1.1) as a complete response (CR), partial response (PR), stable disease (SD) or progressive
disease (PD) [27].

2.4. Conduct of Surgery

Based on the imaging data, removal of the residual tumor was indicated when the
maximum therapeutic response was reached (no further reduction in tumor diameters
in consecutive imagings of 3 months) or when no further influence on the resectional
strategy was expected. A margin of safety of 1 cm was considered enough to spare organ
function [28]. The type of surgery was classified according to EORTC STBSG classification:
local excision (wedge resection), limited resection (partial resection of the stomach), typical
organ resection (total gastrectomy) and multivisceral resection (including adjacent organs)
or other (with verbal specification) [29]. Postoperative complications were classified using
the Clavien-Dindo classification [30].

The extent of tumor regression was measured at the resection specimen. Complete
remission was defined as 100% necrosis (complete absence of viable tumor cells), a near
total remission was defined as 95-99% necrosis, subtotal 90-95%, partial remission with
50-90% necrosis and stable disease with <50% necrosis. Resection margin status was
defined as RO, R1 and R2 [31].

2.5. Postoperative Drug Therapy

There was no stringent policy regarding drug treatment after residual tumor resection.
We did not continue imatinib in patients with >95% regression of the tumor and discussed
further drug therapy on an individual basis.

2.6. Follow-Up

Postoperative follow-up consisted of a physical examination and acquisition of DE-
CT at 3-month intervals for the first 2 years, every 6 months for the next 3 years and
yearly thereafter for the next 5 years. Recurrence was defined as recurrent disease in
the region of the previously located tumor. Metastasis was defined as disease in distant
sites, predominantly liver and peritoneum. All patients were followed-up for a median of
82 months (range, 3-182 months) and were last updated in June 2020.

2.7. Statistical Analysis

The statistical analysis of the prospectively maintained database was performed with
SPSS (version 21). Survival outcomes in terms of RFS was analyzed. RFS was calculated
from the date of surgical resection to the date of clinical or radiological evidence of disease
relapse, last follow-up or death, whichever occurred first. RFS percentages and treatment
effect comparisons were obtained from the Kaplan-Meier method [32] and log-rank test [33].
Date is given as median with range or mean +/ — standard deviation. Correlative analytics
were obtained by Pearson and Spearman rank-coefficient tests. Differences were considered
statistically significant when p < 0.05.

3. Results
3.1. Demographic and Clinicopathological Data

Fifty-five patients (22f, 33m) with a median age of 58.2 years, (range, 30-86 years) were
included in this study (Table 1). Detailed demographic, clinical and histopathological data
are listed in Table 1. The median tumor size before start of imatinib was 113 mm (range,
65-330 mm). Mitotic index could be determined in 41 patients (75%); in the remaining
patients the size of the biopsy did not allow us to count enough high-power fields (HPFs).
According to National Institutes of Health (NIH) consensus [1], the risk classification was
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“high risk” in 26 patients (48%), “intermediate risk” in 15 patients (28%) and “low risk” in
13 patients (24%).

Table 1. Analysis of Response Data.

Tumor Size
113 mm (range, 65-330 mm)
Tumor size at start of treatment: (measured by CT/MRI)
Tumor size prior to surgery: 69 mm (range, 25-228 mm)

(measured by CT/MRI)
62 mm (range, 22-200 mm)

Tumor size at resection specimen: (measured by pathology)

Pathology Review of the Resection

Specimen
Complete necrosis (no viable tumor cells) n =12 (24%)
Near total (>95% necrosis) n =10 (20%)
Subtotal (>90% necrosis) n="7(14%)
Partial remission (>50% necrosis) n =14 (28%)
Stable disease (<50% necrosis) n =7 (14%)

Correlation of Response to Therapy
(Pearson, Two-Sided; Spearman)

Atumor diameter pre vs. post p=0.078 p=0.089
RECIST 1.1 p=02 p=021
Mutational type exon 11 p=0.0 p=0.037

point mutation
del involving codons 557_558
others

3.2. Mutational Data

Mutation analysis was performed in 49 patients and showed exon 11 mutation in
47 patients with the majority of the mutations consisting of deletions involving codons 557
and 558 (n = 15) or point mutation (1 = 12) (Table 1). In one patient, a SDHB mutation was
determined after 2 months of imatinib and the patient was operated on immediately. In
six patients mutation analysis could not be carried out from the biopsy and even at the
resection specimen it was not feasible due to complete tumor necrosis and significant tumor
shrinkage. In another patient who had significant tumor shrinkage, a K642E mutation at
KIT exon 13 was found with NGS-sequencing from the residual tumor mass.

3.3. Imatinib Therapy and Clinical Response

The median time of preoperative imatinib therapy was 10 months (range, 2-21 months)
and 52 patients (94.5%) completed the expected treatment duration. Among the patients
who did not complete therapy there was the patient with the SDHB mutation whose treat-
ment had to be stopped and a male patient of 69 years (with a history of vascular occlusive
disease) who died from a cerebral insult 3 weeks after start of imatinib. Another patient
developed perforation of the tumor, located at the posterior part of the stomach, 8 weeks
after start of treatment due to extensive tumor regression. He underwent emergency
subtotal gastrectomy, partial resection of the diaphragm and splenectomy. Another patient
experienced grade 3 skin toxicity which could be resolved by switching therapy to nilotinib.
Grade 2 side effects included skin toxicity (n = 1) and depression (1 = 2).

The median tumor size prior to surgery shrank to 62 mm (range, 22-200 mm). Ac-
cording to RECIST 1.1, 39 patients had a PR (75%) while 14 patients had SD (25%) and no
patient had progressive disease, see Table 1.

All 10 patients who started neoadjuvant therapy with acute upper GI bleeding experi-
enced no further episode of bleeding and completed their drug schedule until surgery.
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3.4. Surgical Data

Fifty patients underwent surgery after achieving the plateau response. Except for the
patient who experienced tumor perforation, all others were operated on at the intended
date. Two patients refused surgery. Of these two, one patient preferred to continue with
imatinib while another one committed suicide.

At laparotomy, in two patients previously undetected peritoneal metastases were
found at the bursa omentalis and the omentum. In 48 patients, total gastrectomy or
abdomino-thoracic resection could be avoided, resulting in a stomach preservation rate of
96% (see Figures 3 and 4). The details of the surgical procedures are illustrated in Figure 4
(e.g., treatment option before IM vs. surgical procedure after IM). In 12 cases (24%), the
downstaging of the tumor allowed a laparoscopic procedure instead of open laparotomy.

Figure 3. 76 year old female, gastrointestinal stromal tumors (GIST) with broad contact to the greater curvature, scheduled
for total gastrectomy, left hemicolectomy and left-sided pancreatico-/splenectomy (A) prior to and (B) after 10 months of

imatinib therapy.

All patients having undergone prior exploratory laparotomy and declared inoperable
(n = 3) could be resected with clear margins by multivisceral (MVR) total gastrectomy,
total gastrectomy alone and subtotal gastrectomy in one patient each. In the four patients
who had prior diagnostic laparoscopy (MVR only), segmental resection with Merendino
reconstruction (n = 1), subtotal (n = 1) or segmental (n = 1) gastric resection, and MVR
(n =1) had to carried out for RO tumor removal.

Surgical complications were observed in seven patients (14%) and included post-
operative pancreatic fistula (n = 2), surgical site hemorrhage (1 = 2), prolonged pleural
effusion (1 = 2) and wound infection (1 = 1). Of them, three patients required intervention
(grade 3 Clavien-Dindo). None of these patients required reoperation and there was no
postoperative mortality.

3.5. Histopathological Data

Except for the two patients with peritoneal metastases (R2 resection), only in one
patient was an R1 resection stated by the pathologist, resulting in an RO resection rate of
47/50 patients (94%).

The final histopathological report showed no residual viable tumor (pCR) in 12 cases
(24%); for details see Table 1. Interestingly, in seven cases there was a less than 50% necrosis
observed, despite the fact that even in this subgroup the median tumor size shrank from
84 mm (range, 65-122 mm) to 60 mm (range, 22-115 mm).
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Only the mutational type correlates significantly (p = 0.037) with the extent of tumor
regression. There was no significant relationship of RECIST classification to the difference
in tumor size from prior to imatinib vs. post-imatinib (Table 1). The difference between
tumor size prior to imatinib vs. at the resection specimen exceeded p = 0.05.

Patients scheduled for total gastrectomy/multivisceral resection (n=24)

» multivisceral TG n= 2
» multivisceral PG n= 6
» segmental resection of the stomach n=10
¥ laparoscopic partial gastric resection n= 6

Patients scheduled for abdomino-thoracic gastric-esophageal resection (n=13)

» abd.-thoracic proximal gastric/esophageal resection n=1
» segmental resection + Merendino reconstruction n=4
» resection of the gastric fundus n=6
¥» laparoscopic wedge gastric resection n=2

Patlents scheduled for subtotal/near-total gastrectomy (n=13)
segmental gastric resection + transverse mesocolon n=2
segmental gastric resection + liver segment 2 n=1
open segmental or transgastric resection n=4
laparoscopic wedge gastric resection n=6

Y YV Yy

*TG=total gastrectomy, sTG = subtotal gastrectomy, PG=partial/segmental gastrectomy,
multivisceral means left-sided resection of the pancreas +/- splenectomy +/- colonic segment +/- partial resection
of the diaphragm (without allograft replacement)

Figure 4. Comparison of scheduled surgery prior to imatinib vs. surgical procedure performed after neoadjuvant therapy.

3.6. Recurrence-Free Survival

Of the 50 patients operated, 34 (68%) are alive with no evidence of disease. The
most common sites at detection of distant metastases were peritoneum (n = 7) and liver
(n = 6), both combined (1 = 2), while one patient developed a locoregional recurrence at
the surgical site. Three patients have died from their disease, and another four patients
from other causes.

Kaplan-Meier curve (Figure 5) demonstrates a mean recurrence-free survival of
123 months (95%CI 99-147 months) with the median not yet reached.

We evaluated prognostic factors with respect to the influence on RFS. However, no
statistically significant result could be obtained from initial tumor size (p = 0.34), mutational
type (p = 0.86) and mitotic count (p = 0.12). Furthermore, the most logical factor (extent of
tumor necrosis) was not proven to be of significant influence (p = 0.33, all log-rank).

With respect to adjuvant imatinib therapy after residual tumor removal, the single
patient who experienced tumor perforation continued with imatinib and is free from
recurrence after 12 years. Another seven patients were recommended to continue with
imatinib therapy in order to complete a 36 months total duration of neoadjuvant plus
adjuvant drug therapy. Of these, three patients developed hepatic and/or peritoneal
metastases and died from their disease after multiple lines of therapy. Another two patients
completed 3 years with no evidence of recurrence, one patient chose to stick with the drug
until now and one patient is still in the completion phase.
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Figure 5. Recurrence-free survival.

4. Discussion

Surgery for primary GIST of the stomach is different from surgery for epithelial
gastric cancer. Detailed lymphadenectomy, the mainstay to treat gastric carcinoma, is
not required except in a subgroup of patients with Carney-Stratakis syndrome or SDH-
deficient tumors presenting typically in young females [34]. On the other hand, GISTs
originating from the muscularis layer of the intestine tend to grow luminally with potential
acute bleeding or exophytically towards the surrounding organs. As GIST may be a fragile
mass and often represents a highly vascularized lesion, larger gastric GIST may require
more extended surgery with major morbidity and functional deficits due to the proximity
to vital structures or the location in difficult sites (e.g., gastroesophageal junction). This
may be the indication for imatinib therapy prior to surgery as recommended by several
guidelines [35]. The neoadjuvant administration of IM turns out to be beneficial for patients
with locally advanced or marginally resectable, non-metastatic GIST. Proper selection of
candidates for neoadjuvant therapy is the prerequisite for successful therapy and requires
tumor genotyping based on preoperative biopsy with the mutational spectrum not different
from the metastatic situation [36]. In our study, all patients were either diagnosed with
imatinib-sensitive mutations of KIT or we used ®F-FDG-PET to make sure the expected
efficacy would really take place. This was particularly the case in the earlier patients when
mutational analysis took more time than today [37,38].

The few formal trials on preoperative imatinib therapy often include both locally advanced
and metastatic patients with GIST arising from the whole GI tract [15,21,24,36,39—42]. In the
RTOG study [24] only 15 patients were truly treated under neoadjuvant conditions across
all locations. Thus, our series comprises the largest patient cohort of locally advanced, non-
metastatic gastric GIST patients treated with neoadjuvant IM therapy followed by surgery.
Large GISTs carry an increased risk of intraoperative tumor rupture and dissemination
because of their fragility and hypervascularity which has a detrimental effect on disease-free
status and overall survival [43—46]. Beyond the organ-saving approach through objective
tumor downsizing, preoperative imatinib also improves the integrity of tumor capsule
and decreases the risk of intraperitoneal bleeding/tumor perforation, leading to a very
high rate of RO resections [21,46]. We demonstrate a significant regression of median tumor
size from 11.3 cm to 6.2 cm, which reflects the main advantage of imatinib as induction
therapy in patients with locally advanced GIST. Particularly the subgroup of 10 patients
(18.2%) with upper GI bleeding from the tumor profited from this approach. None of them
had to be operated on prematurely due to a recurrent bleeding episode and the surgical
tumor resection could be moved from an emergency procedure to an elective operation.
No postoperative imatinib-related complications were observed.
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The approach provided an excellent oncological long-term result. Based on the NIH
consensus criteria [1], 48% of the patients could be classified as high risk for tumor re-
currence. Even if one uses the contour maps by Joensuu et al. [47], providing a better
assessment tool and eliminating the dichotomous threshold of 5 cm and 5 mitoses pro
50 HPF, the mean recurrence-free survival of more than 10 years looks very promising. The
basis probably is laid by the fact that 44% of the resection specimen showed >95% necrosis
and 94% of the patients have undergone RO resection. This is due to patient selection
with KIT exon 11 mutations almost exclusively. It is also known from treating metastatic
patients that KIT deletions involving codons 557 and 558 respond very well to imatinib [48]
(Figure 2). Our data are in line with a multicenter study including 161 patients with locally
advanced non-metastatic GISTs pooled from 10 EORTC-STBSG sarcoma centers showing
that >80% of the tumors responded to imatinib, facilitating RO resection in >80% of the
cases [24]. After a median 40 weeks of imatinib, the RO resection rate was 83% and the
5-year DFS was 65% with median OS of 104 months [24].

Another recently published series on 150 patients with GIST treated on a neoadjuvant
basis across all tumor sites reports an overall survival rate of 81% at 5 years [49]. The
difference might be due to shorter treatment duration (median 7.1 months with a range
starting at 0.2 months) and a clearly lower rate of partial tumor remissions of 40% which
was 75% in our series. Furthermore, the resection margins with 63.3% RO resections and
18% each of R1 and R2 resection are inferior to our study [49]. It has been noted from further
studies that patients after RO resection have a significantly lower risk of developing tumor
progression compared to patients with R1/R2 resection (60% vs. 23.8%, p = 0.11, [22,40]).

The duration of neoadjuvant imatinib administration may be important to obtain ade-
quate tumor response. An early compilation of case reports by Haller et al. [50] suggested
that the longer the treatment the better the remission. We indicated surgery after having
reached a plateau with no further tumor shrinkage and the risk of developing secondary
resistance to therapy still remaing low [39]. At this time point, all our patients showed
either PR or SD and no patient showed any progression during imatinib therapy. The rate
of partial responses in our patients is higher compared with the phase II RTOG 0132 trial,
in which 83% of patients had stable disease after 12 months of imatinib [15].

A strength of this study is that it demonstrates that laparoscopic procedures more
and more can be successfully used in this setting of locally advanced GIST with median
tumor size of more than 10 cm after downstaging with tyrosine kinase inhibitors. The
study, however, also has limitations referring mainly to patient selection which is hardly
avoidable. Patients can easily be convinced to swallow a pill per day and avoid total
gastrectomy or multivisceral resection. A randomized trial does not look feasible at all
under these circumstances and therefore the formal evidence of using neoadjuvant imatinib
is not better than grade 2+ according to SIGN*! [51].

Given the fact that in small tumor biopsies the number of mitoses could not be
counted per 5 mm? or 50 HPF, the risk classification of patients according to NIH or
Miettinen/Lasota is doubtful in some cases. This also influences the decision of whether
or not to subject patients to postoperative adjuvant imatinib therapy. Using the extent of
regression from the resection specimen in the seven mentioned patients does not allow
us to draw conclusions. The willingness of the patients to continue with the drug also
influenced the administration of adjuvant imatinib therapy. Several patients felt relief from
the drug and the tumor after surgery and were not willing to continue. Our individualized
approach does not allow us to draw further conclusions.

In gastric GIST a problem is the rather high rate of tumors without mutations in KIT
or with mutations in PDGFRA. We tried to overcome this with ¥ F-FDG-PET scanning
to eliminate patients who would not respond adequately. We also postponed patients
with epitheloid GIST until mutation analysis had been performed, as this feature is often
associated with PDGFRA mutations not being sensitive to imatinib.
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5. Conclusions

In conclusion, neoadjuvant imatinib in our series of locally advanced gastric GIST
proved to allow organ-sparing surgical procedures with a very high rate of RO resections
and excellent long-term recurrence-free survival. This holds true also for patients starting
their treatment during an episode of upper gastrointestinal bleeding. Toxicity was mild
and tolerable and in 96% of the patients major parts of the stomach could be preserved,
maintaining the physiological basis for the use of oral tyrosine kinase inhibitors in the
adjuvant or metastatic setting.
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