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Abstract

Background Distal gastrectomy (DG) for gastric cancer can cause less morbidity than total gastrectomy (TG), but may com-
promise radicality. No prospective studies administered neoadjuvant chemotherapy, and few assessed quality of life (QoL).
Methods The multicenter LOGICA-trial randomized laparoscopic versus open D2-gastrectomy for resectable gastric adeno-
carcinoma (cT1-4aN0-3bMO) in 10 Dutch hospitals. This secondary LOGICA-analysis compared surgical and oncological
outcomes after DG versus TG. DG was performed for non-proximal tumors if RO-resection was deemed achievable, TG for
other tumors. Postoperative complications, mortality, hospitalization, radicality, nodal yield, 1-year survival, and EORTC-
QoL-questionnaires were analyzed using X>-/Fisher’s exact tests and regression analyses.

Results Between 2015 and 2018, 211 patients underwent DG (n=122) or TG (n=89), and 75% of patients underwent
neoadjuvant chemotherapy. DG-patients were older, had more comorbidities, less diffuse type tumors, and lower cT-stage
than TG-patients (p <0.05). DG-patients experienced fewer overall complications (34% versus 57%; p <0.001), also after
correcting for baseline differences, lower anastomotic leakage (3% versus 19%), pneumonia (4% versus 22%), atrial fibril-
lation (3% versus 14%), and Clavien-Dindo grading compared to TG-patients (p <0.05), and demonstrated shorter median
hospital stay (6 versus 8 days; p <0.001). QoL was better after DG (statistically significant and clinically relevant) in most
1-year postoperative time points. DG-patients showed 98% RO-resections, and similar 30-/90-day mortality, nodal yield (28
versus 30 nodes; p=0.490), and 1-year survival after correcting for baseline differences (p =0.084) compared to TG-patients.
Conclusions If oncologically feasible, DG should be preferred over TG due to less complications, faster postoperative
recovery, and better QoL while achieving equivalent oncological effectiveness.

Mini-abstract Distal D2-gastrectomy for gastric cancer resulted in less complications, shorter hospitalization, quicker recov-
ery and better quality of life compared to total D2-gastrectomy, whereas radicality, nodal yield and survival were similar.
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gastric cardia, or diffusely located, and for advanced dis-
ease stages or diffuse type tumors.®

Although both DG and TG are safe to perform, previous
studies exposed several differences and concerns regarding
their associated surgical and oncological outcomes.”' DG
may be associated with less morbidity, lower mortality, and
better quality of life (QoL) compared to TG."~'% Furthermore,
DG could be a sound alternative for TG for older patients with
substantial comorbidities and reduced performance status. On
the other hand, although overall survival may be comparable
if stratified for disease stage, performing DG could compro-
mise the proximal resection margin, especially for diffuse type
tumors, and the remnant stomach is at risk for developing a
new primary or secondary gastric malignancy.!’-!!!

However, no prospective studies compared outcomes
after neoadjuvant chemotherapy and few assessed lymph
node retrieval or quality of life, of which none in West-
ern populations. Furthermore, there is heterogeneity
among studies, most studies were retrospective and did
not address the surgeon’s experience, and not all studies
reported follow-up. Moreover, mainly Eastern populations
were investigated, who differ from Western patients in dis-
ease stage, age, comorbidities, and BMI. Therefore, the
aim of the present study was to determine the role of DG
and TG for Western gastric cancer patients, in particular
after neoadjuvant chemotherapy, by comparing surgical
and oncological outcomes including survival and quality
of life after distal versus total D2-gastrectomy in the mul-
ticenter LOGICA-cohort.

Methods
Study Design

This study is a secondary analysis in the prospective,
multicenter LOGICA-trial to compare surgical and onco-
logical outcomes including QoL after DG versus TG for
resectable gastric adenocarcinoma (cT1-4aN0-3bMO0) in
10 Dutch hospitals. The randomized controlled LOGICA-
trial (NCT02248519) compared laparoscopic versus open
D2-gastrectomy and showed no significant differences in
surgical nor oncological outcomes including QoL. The
study protocol and results were published previously.!!>!3]
The LOGICA-trial was approved by institutional review
boards at each participating center, and written consent was
obtained for all patients.

Patient Selection and Randomization

The inclusion and exclusion criteria were listed in the
LOGICA protocol.m] In the LOGICA-trial, patients were

randomly assigned to laparoscopic or open gastrectomy
with a 1:1-ratio, and in the randomization procedure was
stratified for extent of resection (DG or TG) and hospital
of surgical treatment. In the current secondary analysis,
all LOGICA-patients who underwent DG or TG with en-
bloc D2-lymphadenectomy were included. Hence, patients
without surgical resection, other surgery than DG/TG, and
without D2-lymphadenectomy were excluded.

Staging and Treatment

Regional multidisciplinary tumor boards determined the
staging and individual treatment strategy according to Dutch
national guidelines, which is elaborated in the LOGICA-pro-
tocol.*1?! Perioperative chemotherapy was recommended
to all patients with advanced gastric cancer (cT3—4 and/or
cN+) who were medically and physically fit to undergo this.

Consecutively, DG was performed for distal (pylorus,
antrum) and middle (distal corpus) gastric cancer, whereas
tumors located in the gastric cardia (Siewert type II/III
according to TNM-8), fundus, upper corpus, or entire
stomach were resected by TG."'*! The surgical procedures
including gastrectomy, D2-lymphadenectomy according to
the Japanese Gastric Cancer Association (JGCA), complete
omentectomy, and Roux-en-Y-reconstruction are described
in the LOGICA study protocol.l'>!3 Postoperative treatment
protocols were described previously and based on enhanced
recovery after surgery.!'?! Postoperative complications were
defined according to the Esophagectomy Complications
Consensus Group (ECCG) and graded following the Cla-
vien-Dindo classification.!'®!” The histopathological resec-
tion specimen was evaluated according to the Dutch national
guidelines and JGCA-classification. !>

Surgeon Experience and Quality Control

Prior to the trial start, all surgeons completed the European
Society for Surgical Oncology (ESSO) Training Program
on Minimally Invasive Gastrectomy and at least two laparo-
scopic gastrectomies per surgeon were centrally reviewed by
study proctors (RvH and JR).!'®! Furthermore, each center
performed > 20 gastrectomies annually and was experienced
in open gastrectomy and proficient in laparoscopic gastrec-
tomy (> 20 laparoscopic cases per surgeon) for both DG
and TG.

The LOGICA-trial included a mandatory surgical quality
control, which comprised central assessment of intraopera-
tively taken photographs from the performed D2-lymphad-
enectomy, for which feedback was prospectively provided
to participating surgeons on weekly basis.!'*! Additionally,
the LOGICA-protocol mandated that lymph node station
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nos. 1-7 were clearly marked at the resection specimen
at the back-table in the operating room and station nos. 8,
9, 11p/11d, and 12a were collected in separate pathology
containers.

Outcome Measures

The main outcome was overall postoperative complication
rate after DG versus TG. In addition, both groups were com-
pared regarding individual complications (i.e., anastomotic
leakage, pneumonia, atrial fibrillation, ileus, abscess, pancre-
atic injury, chyle leakage, wound infection), mortality, onco-
logical outcomes (e.g., radicality, marginal distances, lymph
node yield, 1-year survival), intraoperative details (i.e., blood
loss, operating time, conversion, additional organ resections),
postoperative recovery (e.g., hospitalization, time to flatus
and first oral intake, readmissions), and 1-year quality of
life using EORTC QLQ-C30- and STO-22-questionnaires
at baseline and after 6 weeks, 3, 6, 9, and 12 months.['*2!]
Furthermore, a cognitive workload questionnaire (The Sub-
jective Mental Effort Questionnaire; SMEQ) was completed
by surgeons immediately after surgery.'*?)

Statistical Analysis

Outcomes were compared using the (independent sample)
unpaired 7-test or Mann—Whitney U-test depending on the
data distribution. Categorical values were compared using
Fisher’s exact (if >25% of values numbered <5) or X*-tests.
Kaplan Meier curves were plotted for survival and com-
pared with the log-rank test. Multivariable Cox proportional
hazards model was utilized to analyze overall survival, and
Poisson regression with robust error variances was applied

Fig. 1 Study flow chart of the
211 included patients in the
current study

to compare overall complications after DG versus TG, and
in both analyses was adjusted for the baseline differences
in age, comorbidities, disease stage, and histological sub-
type.*>>*1 The time period for survival was time in days
from inclusion to death due to any reason. QoL was com-
pared using linear mixed-effects regression, adjusting for
baseline-QoL and stratifying for hospital of surgical treat-
ment. Differences in QoL-scores were presented with 95%
confidence intervals (CI) and categorized in trivial, small,
medium, or large differences for each individual QoL-sub-
scale separately according to previous QoL-guidelines to
assess their clinical relevance.>>?®! A two-sided p <0.05
was considered statistically significant for all tests, which
were performed by IBM SPSS Statistics version 27.0 (SPSS
Inc. Chicago, USA).

Results

Between 2015 and 2018, 211 of the 227 LOGICA-patients
(93%) were included (Fig. 1) and underwent DG (n=122) or
TG (n=_89). Patients were excluded if they did not undergo
surgical resection of the tumor (n=14), or underwent esoph-
agogastric resection (n=1) or D1+ /D1-lymphadenectomy
(n=1).

The baseline characteristics are presented in Table 1.
Patients undergoing DG were older (69 versus 66 years;
p=0.041) and had more comorbidities (88% versus
74%; p=0.019), more distal tumors (77% versus 30%;
p <0.001), less diffuse type tumors (31% versus 51%;
p=0.005), and lower clinical T-stage (p =0.001) com-
pared to patients undergoing TG.

Randomized patients
LOGICA-trial (n=227)

Allocated to laparoscopic
gastrectomy (n=115)

Exclusion (n=11):
- Did not proceed to surgery (n=2)

Laparoscopy or laparotomy without resection: tumor invading
adjacent structures (n=2) or peritoneal carcinomatosis (n=5)
Esophagogastric resection with cervical esophagostomy (n=1)
Laparoscopic distal gastrectomy with D1-lymphadenectomy (n=1)

Underwent laparoscopic
gastrectomy (n=106)

Underwent distal gastrectomy (n=122)
- Laparoscopic approach (n=58; 48%) -

- Open approach
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(n=64; 52%) -

Allocated to open
gastrectomy (n=112)

Laparoscopic gastrectomy (n=2; analyzed in laparoscopic group)
Exclusion (n=5):

Did not proceed to surgery (n=2)

Laparoscopy or laparotomy without resection: tumor invading

adjacent structures (n=1), peritoneal carcinomatosis (n=1) or

both (n=1)

Underwent open
gastrectomy (n=105)

Underwent total gastrectomy (n=89)
Laparoscopic approach (n=48; 54%)
Open approach (n=41: 46%)
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Table 1 Baseline characteristics Baseline characteristics Distal gastrectomy (n=122) Total gastrectomy (n=_89) p-value
Entire cohort: n=211 (100%)
Age (in years; mean [SD]) 69 [£9.9] 66 [£11.5] 0.041
Male sex 82 (67) 50 (56) 0.136
BMI, kg/m? (median [IQR]) 25.6 [23.2-28.7] 25.3 [22.3-28.0] 0.382
ECOG-performance status* 53 (51) 39 (49) 0.933
0 45 (43) 35 (44)
1 6 (6) 6 (8)
2
Weight loss* 50 (44) 36 (42) 0.797
No 64 (56) 49 (58)
Yes
ASA-classification® 119 9 (10) 0.933
1 80 (66) 59 (66)
2 31 (25) 21 (24)
3
Any comorbidity 107 (88) 66 (74) 0.019
Cardiovascular comorbidity 75 (61) 44 (49) 0.109
Pulmonary comorbidity 23 (19) 21 (24) 0.505
Gastrointestinal comorbidity 34 (28) 22 (25) 0.723
Previous abdominal surgery 34 (28) 24 (28) 1
Tumor location 0 (0) 22 (25) <0.001
Proximal stomach 28 (23) 40 (45)
Middle stomach 94 (77) 27 (30)
Distal stomach
Lauren classification 85 (70) 45 (51) 0.005
Intestinal type 37 (30) 44 (49)
Diffuse type
Clinical T-stage 12 (10) 2(2) 0.001
cT1 45 (37) 17 (19)
cT2 58 (48) 59 (66)
cT3 7 (6) 11 (12)
cT4
Clinical N-stage; cN1-3 53 (43) 43 (48) 0.574
Neoadjuvant chemotherapy 87 (71) 70 (79) 0.240

Neoadjuvant chemotherapy was administered to 157 of the 211
patients (74%) in similar proportions for DG- versus TG-patients
(71% versus 79%; p=0.240), and consisted of the MAGIC-regi-
men or an equivalent regimen (n=120/157; 76%), FLOT-regimen

Percentages were calculated after excluding missing values and may not add up to 100% due to rounding

Bold numbers indicate statistical significance

SD standard deviation, BMI body mass index (kg/m?), IQR interquartile range, ECOG Eastern Cooperative
Oncology Group, ASA American Society of Anesthesiologists

*There were 18 (15%) and 9 (10%) missing values for the distal and total gastrectomy group regarding

ECOG-performance status

¥There were 8 (7%) and 4 (4%) missing values for the distal and total gastrectomy group regarding weight

loss

#There were 4 (3%) and 9 (10%) missing values for the distal and total gastrectomy group regarding ASA-

classification

(n=28/157; 18%), or other regimens (n=9/157; 6%).

Intraoperative Data
Intraoperative details are listed in Table 2. All patients

(n=211; 100%) underwent D2-lymphadenectomy and
Roux-en-Y reconstruction. Jejunal pouch reconstruction
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Table 2 Intraoperative

) . Intraoperative details Distal gastrectomy  Total gastrectomy (n=89) p-value
details for distal versus total . _
gastrectomy Entire cohort: n=211 (100%) (n=122)
Laparoscopic gastrectomy 58 (48) 48 (54) 0.437
D2-lymphadenectomy 122 (100) 89 (100) 1
Roux-en-Y reconstruction 122 (100) 89 (100) 1
Jejunal pouch reconstruction - 16 (18)
Jejunal feeding tube 8(7) 27 (30) <0.001
Splenectomy 0(0) 4(5) 0.030
Pancreatectomy 0(0) 2(2) 0.177
Operating time, minutes (mean [SD]) 196 [+57] 218 [+£59] 0.007
Blood loss, millilitre (median [IQR]) 200 [100-343] 300 [150-600] 0.001
Intraoperative complications 116 (95) 81 (91) 0.230
None 3(Q2) 6 (7)
Bleeding 1(1) 2(2)
Pancreatic injury 2(2) 0(0)
Other
Conversion 2(2) 5(6) 0.135
Surgeon mental effort* (mean[SD]) 53.9 [+22.7] 60.1 [+20.0] 0.087

Percentages may not add up to 100% due to rounding

Bold numbers indicate statistical significance

SD standard deviation, /QR interquartile range

*The Surgeon Mental Effort Questionnaire was filled out by the operating surgeon directly after completing
the operation. There were missing values (at random) in the distal gastrectomy group for 49 cases (40%)
and in the total gastrectomy group for 20 cases (23%)

was performed in 18% of TG-patients. Jejunal feeding tube
placement (7% versus 30%; p <0.001) was less often per-
formed after DG than TG. The proportion laparoscopic
resections was comparable regarding DG versus TG (48%
versus 54%; p=0.437). Unplanned splenectomy was per-
formed less frequently during DG versus TG (0% versus
4%; p=0.030), whereas pancreatectomy rate was not dif-
ferent (0% versus 2%; p=0.177). DG led to significantly
shorter operating time (mean 196 versus 218 min; p=0.007)
and less blood loss (median 200 versus 300 mL; p=0.001)
compared to TG, whereas intraoperative complications were
similar (p=0.230). The surgeon mental effort between DG
and TG differed but did not reach statistical significance
(53.9 versus 60.1; p=0.087).

Postoperative Data

Postoperative complications and recovery are shown in
Table 3. Overall postoperative complication rate was sig-
nificantly lower after DG versus TG (34% versus 57%;
p=0.001). Also after correcting for confounders and for the
baseline differences in age, comorbidities, histological sub-
type, and cT-stage using multivariable Poisson regression
with robust error variances (Supplementary Table 1), there
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were significantly fewer overall postoperative complications
after DG compared to TG (p <0.001).

In addition, anastomotic leakage (3% versus 19%;
p <0.001), pneumonia (7% versus 23%; p=0.003), atrial
fibrillation (4% versus 14%; p=0.020), and the severity of
overall complications illustrated in Clavien-Dindo grading
(»=0.006) and anastomotic leakage illustrated in ECCG-
grading (p <0.001) were significantly lower in favor of DG
compared to TG.['*!7] Other complications and 30-/90-day
mortality rates were similar for both groups (p > 0.05).

The median number of days were significantly different in
favor of DG-patients compared to TG-patients regarding time to
first oral intake (90% versus 70% within 1 day; p=0.005), time
to first defecation (73% versus 55% within 4 days; p=0.003),
meeting discharge criteria (6 versus 8 days; p <0.001), hospital
stay (6 versus 8 days; p <0.001), and intensive care unit (ICU)
stay (88% versus 73% no ICU-admission at all; p=0.006).
Readmission rates within 30 days after discharge did not differ
for both groups (12% versus 7%; p=0.272).

Regarding surgical approach (laparoscopic versus open),
there were no significant differences in postoperative com-
plications, hospitalization, or postoperative recovery, which
was further elucidated in detail in the previously published
LOGICA-trial main results.[!*!
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Table 3 Postoperative complications and recovery
Postoperative complications Distal gastrectomy (n=122) Total gastrectomy (n=_89) p-value
Entire cohort: n=211 (100%)
Overall postoperative complications 41 (34) 51 (57) 0.001
Clavien-Dindo grading (most severe) 0.006

Grade 1 9(7) 4(5)

Grade 2 14 (11) 23 (26)

Grade 3A 5@) 6(7)

Grade 3B 4(3) 6 (7

Grade 4A 2(2) 6(7)

Grade 4B 1(1) 0(0)

Grade 5 6(5) 6(7)
Anastomotic leakage 3(12) 17 (19) <0.001
Anastomotic leakage grading (ECCG) <0.001

Grade I 0(0) 4(5)

Grade I1 0(0) 2(2)

Grade III 3(3) 11 (12)
Pneumonia 9(7) 20 (22) 0.003
Atrial fibrillation or flutter 54) 12 (13) 0.020
Ileus 32 6 (7) 0.172
Intra-abdominal abscess 1(1) 5(6) 0.085
Pancreatitis or pancreatic fistula 4(3) 1(1) 0.400
Chyle leakage 0(0) 303) 0.074
Sepsis 4 (3) 4(5) 0.724
Intestinal ischemia 2(2) 33 0.652
Wound infection 4 (3) 5(6) 0.498
Fascia dehiscence 3(2) 1(1) 0.640
Delirium 312 3(3) 0.698
Feeding jejunostomy complication 1(1) 2(2) 0.574
Other complications 18 (15) 14 (16) 0.799
Postoperative recovery Distal gastrectomy (n=122) Total gastrectomy (n=_89) p-value
Time to first oral intake days (median [IQR]) 1[1-1] 1[1-2] 0.005
Time to first defecation days (median [IQR]) 4[3-5] 4[3-5] 0.003
Discharge criteria fulfilled days (median [IQR]) 6[4-17] 8[6-11] <0.001
Hospital stay days (median [IQR]) 6[5-8] 8[7-12] <0.001
Intensive Care Unit stay days (median [IQR]) 0 [0-1] 0[0-1] 0.006
In-hospital mortality 6(5) 6(7) 0.566
30-day mortality 54 4(5) 1
90-day mortality 7 (6) 9 (10) 0.356
Readmission < 30 days after discharge 15 (12) 6(7) 0.272

Percentages may not add up to 100% due to rounding

Bold numbers indicate statistical significance

ECCG Esophagectomy Complications Consensus Group, /QR interquartile range

Oncological Outcomes

Histopathological results are listed in Table 4. Patients
selected for DG had 98% RO-resection rate (n=120/122).
After TG, RO-resection rate (91%; n=2381/89) was lower
(»p=0.019), but the TG-group had larger tumor diameter
(55 versus 35 mm; p=0.023), higher clinical T-stages

(p=0.001), and more diffuse type tumors (51% versus 31%;
p=0.005). Hence, after correcting for these variables and
confounders using multivariable logistic regression (Sup-
plementary Table 2), the resection margin status between
both groups was similar (p =0.264).

Positive resection margins after DG (n=2) were both dif-
fuse type (distal) tumors extending into the proximal margin.
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Table 4 Histopathological

. Histopathological results
results after distal versus total

Distal gastrectomy Total gastrectomy p-value

gastrectomy Entire cohort: n=211 (100%) (n=122) (n=89)
Tumor histology 1
Adenocarcinoma 121 (99) 88 (99)
Neuroendocrine tumor/carcinoma 1(1) 1(1)
Lymph node yield (median [IQR]) 28 [21 - 38] 30 [22 -37] 0.490
Radicality; RO-resections 120 (98) 81 (91) 0.019
Distance (mm) to proximal margin (median [IQR]) 50 [19-80] 28 [10-60] 0.002
Distance (mm) to distal margin (median [IQR]) 25 [10 - 40] 40 [10-77] 0.030
Maximum tumor diameter (mm) (median [IQR]) 35 [20-55] 55 [35-91] 0.023
Pathological stage 10 (8) 0.089
(y)pTO 20 (16) 44
(y)pT1/Tis 18 (15) 10 (11)
(y)pT2 46 (38) 8(9)
(y)pT3 28 (23) 41 (46)
(y)pT4a 0(0) 22 (25)
(y)pT4b 44
Nodal stage 0.644
(y)pNO 56 (46) 38 (43)
(y)pN+ 66 (54) 51(57)
Mandard tumor regression grading 0.400
Grade 1 10 (8) 44
Grade 2 6(5) 2(2)
Grade 3 28 (23) 20 (22)
Grade 4 23 (19) 22 (25)
Grade 5 19 (16) 21 (24)
No neoadjuvant treatment 36 (30) 20 (22)

Percentages may not add up to 100% due to rounding

Bold numbers indicate statistical significance

IQR interquartile range, mm millimeter

After TG, the positive margins (n=_8) were either proxi-
mal (n=4) or both proximal and distal (n=4), of whom 7
patients (88%) had diffuse type tumors, and these 8 tumors
were located proximal (n=1), middle (n=3), and distal
(n=4). Proximal margin distances were larger after DG (50
versus 28 mm; p=0.002) as DG-patients had more distal
tumors (77% versus 30%), while TG-patients had more prox-
imal tumors (0% versus 25%) resulting in larger distances to
distal margins (25 versus 40 mm; p =0.030).

When evaluating resection margin status in subgroups
(Supplementary Table 3), R1-resections occurred more
frequently for diffuse versus intestinal type tumors for
both DG-patients (95% versus 100% R0) and TG-patients
(84% versus 98% RO0). Regarding c¢T3-4- versus c¢T1-2-
stage, more R1-resections were found for TG-patients
(89% versus 100% RO), but not for DG-patients (98%
versus 98% RO0). After neoadjuvant chemotherapy (yes
versus no), the resection margin status was similar after
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both DG (yes; 98% versus no; 100%) and TG (yes; 91%
versus no; 90%). In multivariable regression analyses
(Supplementary Table 2), diffuse type tumors were inde-
pendently associated with positive resection margins (OR
10.04; p=0.035), whereas cT-stage (OR 2.76; p=0.371)
and neoadjuvant chemotherapy (OR 1.03; p =0.973)
were not.

Median lymph node yield (28 versus 30 nodes; p=0.490),
(y)pT-stage (p=0.089), and Mandard tumor regression grad-
ing (p=0.400) were similar in both groups (p > 0.05).

Overall survival analyses are displayed in Table 5. Uni-
variate analysis and Kaplan Meier curves (Supplementary
Fig. 1) showed better overall survival for the DG- versus
TG-group (p <0.05), but did not incorporate differences in
baseline. Hence, after adjusting for the baseline differences
in age, comorbidities, tumor location, histological subtype,
and cT-stage in multivariable analyses, overall survival for
patients undergoing DG versus TG was not significantly
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Tg!ale 5 (?Vfa’r all surv‘ival of the Cox proportional hazards model Univariable Multivariable
dlst.al Versus tOtE.ll gastrectomy Entire cohort: n=211 patients (100%)
patient group using Cox HR [95% CI] p-value HR [95% CI] p-value
regression
Age (per year) 1.00 [0.97-1.03] 0.805 1.00 [0.96-1.03] 0.796
Any comorbidity (yes) 0.87 [0.40-1.90] 0.734 1.13 [0.50-2.55] 0.763
Tumor location - - - -
Proximal stomach 1.52[0.51-4.49] 0.450 1.77 [0.58-5,44] 0.320
Middle stomach 0.81 [0.28-2.40] 0.706 1.21 [0.37-3.95] 0.757
Distal stomach
Extent of surgical resection - - - -
Distal gastrectomy 2.23[1.19-4.20] 0.013 1.94 [0.92-4.12] 0.084
Total gastrectomy
Lauren classification - - - -
Intestinal type 1.62 [0.87-3.02] 0.126 1.4510.72-2.91] 0.295
Diffuse type
Clinical T-stage - - - -
cT1-2 1.56 [0.78-3.12] 0.210 1.58 [0.75-3.30] 0.227
cT34
Neoadjuvant chemotherapy (yes) 0.52 [0.28-0.99] 0.048 0.41 [0.20-0.87] 0.020

In this multivariable Cox proportional hazards model, age, any comorbidity, tumor location, cT-stage, and
Lauren histological subtype were included in the model due to the significant differences in baseline char-
acteristics between the distal and total gastrectomy groups. In supplementary material, the Kaplan Meier
curves are displayed, but these plots are not adjusted for the baseline differences

Bold numbers indicate statistical significance
HR hazard ratio, 95% CI 95% confidence interval

different (p =0.084). The only independent predictor for
overall survival was administration of neoadjuvant chemo-
therapy (HR 0.41 [95% CI 0.20-0.87]; p=0.020).

Quality of Life

[IThe QoL differences reported by patients undergoing
DG versus TG postoperatively at 6 weeks and 3, 6, 9,
and 12 months are shown in Table 6. After correcting for
baseline QoL and hospital of surgical treatment in the
linear mixed-effects regression, QoL was significantly
better after DG for global health, in 6 out of 7 functional
scales, and for 13 of the 17 symptom scales during at least
one or all time points [95% CI did not include O points
difference]. When assessing clinical relevance, most sig-
nificantly different QoL-values ranged > 10 points favor-
ing DG compared to TG with regard to global health,
fatigue, nausea and vomiting, dysphagia, pain, reflux,
insomnia, appetite loss, eating restrictions, diarrhea, role
functioning, body image, anxiety, dry mouth, and taste.
At all time points, the significant QoL-differences were
also clinically relevant, categorized in either medium
(41%) or small (59%) differences, without any trivial (0%)
differences. 232!

[Edit]

The raw 1-year QoL-data are displayed in Supple-
mentary Table 4 and 5. After DG, all functional and

symptom scales seemed to restore to the preoperative
baseline at 3 months after surgery. After TG, most items
recovered generally in 6 months, and no full recovery
within 12 months was found for pain, dysphagia, reflux,
eating restrictions, diarrhea, and body image. For DG,
global health-related QoL; role, emotional, and social
functioning; pain; dysphagia; and anxiety showed
median 6-17 points better QoL-values at 6—12 months
than preoperatively. Such improvements were not found
after TG.

The proportion of patients with preoperative weight
loss was similar after DG and TG (56% versus 58%;
p=0.797). At 1 year postoperatively, 64% of patients
(n="73/115) had > 2 kg weight loss, which occurred less
frequently after distal than total gastrectomy (52% ver-
sus 83%; p=0.003), as shown in Supplementary Table 6.
Compared to preoperative weight, median weight dif-
ferences at 1 year were significant (p < 0.001), show-
ing — 4 kg after DG [IQR + 1 to — 8 kg] and — 10 kg after
TG [-5 to—15 kg].

Discussion
This study aimed to determine the role of DG for Western

gastric cancer patients by comparing surgical and oncologi-
cal outcomes including quality of life after DG versus TG, in
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Table 6 Quality of life differences after distal versus total D2-gastrectomy using EORTC QLQ-C30 (top) and STO-22 (bottom) questionnaires

Distal gastrec-

Distal vs total gastrec-

Distal vs total gastrec-

Distal vs total gastrec- Distal vs total gastrec- Distal vs total gas-

tomy group  tomy at 6 weeks tomy at 3 months tomy at 6 months tomy at 9 months trectomy at 1 year
at baseline
(preoperative)
Mean (+SD)’ Mean [95% CIJ? Mean [95% CI]? Mean [95% CI] Mean [95% CI] Mean [95% CI]?
Quality of life questionnaire (QLQ)-C30
Global health—related quality of life! 69 [22] +4.1[-2.110104] +10.5"[4.3t016.7] +7.7°[13t0140]  +118°[52t0183]  +64[-04t013.1]
Functional scales’
Physical functioning 81[18] +6.3%[0.6 to 12.0] +4.1[-1.5109.8] +22[-351080] +54[-0510113]  +48[-13t0108]
Role functioning 72(28] +11.0°[2.5t0 19.6] +132°[4.8t021.7] +102°[1.6t0188]  +105°[1.6t0194]  +10.6°[1.4t019.8]
Emotional functioning 80 [22] —1.6[-761044] +55[-0.5t011.5] +43[-1810104]  +47[-16t011.1]  +42[-2310107]
Cognitive functioning 88 [17] —0.1[-6.01059] +6.6°[0.7t0 12.6] +23[-381084] +43[-2010106]  +6.0[-04t0125)
Social functioning 79[26] +745[0.55t014.3] +8.15[1.3t015.0] +51[-19t012.1]  +9.1°[19t0164] +7.85[03t015.3]
Symptom scales®
Fatigue 32(25] —97° [-171t024]  —88°[-162t0—15] —123°[-198t0—49] —100°[-17.7t0o—23] —10.1°[-18.0t0—2.1]
Nausea and vomiting 10[19] —89°[-157t0—20] —113"[-18.1t0—45] —133"[-203t0—64]—66[-138t006] —2.6[-100t04.8]
Pain 14[22] —18[-9.51059] —52[-1291025] —44[-1231034] -77[-158t004] —80[-163t004]
Dyspnea 17271 —60[-13.1t0 1.1] —63[-1341007] —03[-75t06.8] —04[-78t07.0] —7.8°[-155t0—0.2]
Insomnia 26 [32] —09[-11.11093] —11.9°[-221t0—1.8] —14.1" [-24.4to—3.7] —11.3° [-21.9 to—0.6] —62[-17.1 t0 4.8]
Appetite loss 20 [31] 2 [-221t0-21] —171'[-271t0—71] —239°[-34.1t0—13.7] —145 [-251t0—39] —128°[-23.6t0—19]
Constipation 1225] +29[-3.8109.6] +1.6[-5.11083] —22[-9.1t04.7] —14[-85t057] —09[-821t064]
Diarrhea 10[22] —109%[-192t0—26] —115 [-197t0—32] —99°[-183to—14] —9.0°[-17.8t0—02] —92*[—182t0—02]
Financial difficulties 8[23] +12[-45t07.0] +35[-221092] +53[-06t011.1]  —3.1[-9.1t029] +13[-49107.5]
Quality of life questionnaire STO-022
Functional scales’
Body image 80 [30] +17.17[8.6 t0 25.6] +10.6°[22t019.1] +128" [41t0214] +1065[17t019.1] 41427 [5.0t0234]
Symptom scales®
Dysphagia 14[24] —14.6"[-21.1t0—8.1] —16.8"[-233t0—10.3] —17.0°[-23.6 —11.1°[—18.0 to—4.3] —9.9°[—16.9 to—2.8]
to—104]
Pain 17 23] —80°[-143t0—18] —111°[-173t0—49] —9.1°[-154t0—27] —11.0°[-175t0—44] —11.0°[—17.7 to—43]
Reflux 1522] —62[-1291006] —135'[-202t0—6.7]  —9.1°[-160t0—23] —128°[—199t0—58] —104°[-17.6t0—31]
Eating restrictions 21[26] —125°[-195t0—54] —169'[-240t0—99]  —2L1"[-282t0—139] —17.1"[-244t0—9.7] —160"[-235t0—84]
Anxiety 36 [24] —90°[-161t0—19] —123°[-194t0-53]  —116°[—188to—44] +143" [-218t0—68] —14.0"[—21.7to—63]
Dry mouth 2229] —68[—164102.7] -76[-17.1t019] —104°[—202t0—0.7] -88[-189t01.3]  —4.5[-149t0—58]
Taste 27 [34] —13[-1131088] —56[-156t044] 133" [-235t0—-3.1] —62[-168t043] —57[-166t052]
Hair loss 32[41] —70[-173t034] +22[-831012.7] +14[-9510123]  +16[-9810130]  +5.1[-661016.8)

Displayed differences are for distal versus total gastrectomy (i.e., plus sign indicates higher values in the distal group). Bold numbers indicate
statistical significance, meaning that 95% confidence intervals of the differences between distal and total gastrectomy did not include a differ-
ence of 0. Significant differences were categorized into trivial, small (£), medium (*), or large differences according to previously published

guidelines>>-%¢!

SD standard deviation, CI confidence interval

!Scores range, 0-100: higher scores represent a better quality of life or functioning

2Scores range, 0—100: higher scores represent more severe symptoms

particular in a population where the vast majority of patients
was treated with neoadjuvant chemotherapy. Patients selected
to undergo DG experienced significantly fewer and less severe
postoperative complications, also after correcting for baseline
differences. Furthermore, DG-patients had better intraopera-
tive surgical outcomes, shorter hospital and ICU stay, and
quicker postoperative recovery compared to TG-patients.
Moreover, the reported quality of life after DG was signifi-
cantly better in most functional and symptom scales at one

@ Springer

or all time points, and the significant differences were also
clinically relevant based on previous guidelines.!*>?%! Addi-
tionally, radicality and overall survival corrected for baseline
differences were comparable between both groups, and post-
operative mortality and lymph node yield were similar. These
results confirm the surgical safety and oncological effective-
ness of DG for Western gastric cancer patients if carefully
selected based on tumor and patient characteristics, also after
neoadjuvant chemotherapy and for advanced disease stage.
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In the present study, both DG and TG were oncologically
effective and oncological outcomes were concordant with
current standards.!>*?7->1 Gastrectomy for gastric cancer
is primarily aimed at achieving RO-resection, which has
been correlated with prolonged survival.?®*! In the current
study, TG was often required for proximal, advanced, diffuse
type gastric cancer with larger tumor size to achieve radi-
cal resections. Two previous meta-analyses did not compare
resection margin status between DG and TG.!"#?! Although
DG could theoretically compromise the proximal resection
margin, our cohort presented a very good 98% RO-resection
rate after DG. Additionally, this conclusion was robust to
subgroup-analyses of only DG-patients for advanced disease
stage (98%), diffuse type tumors (95%), and after neoadju-
vant chemotherapy (98%), which is in line with a previous
study.**! Furthermore, lymph node yield and overall sur-
vival stratified for disease stage and corrected for the base-
line differences were comparable in both groups, as was also
demonstrated in previous studies.”??! Therefore, our results
strongly support performing DG for both early and advanced
gastric cancer located in the middle and/or distal stomach,
also for the diffuse histological subtype and irrespective of
neoadjuvant treatment, but on the essential condition that
the proximal resection margin is secured. To this end, intra-
operative frozen sections show low rates of false-negative
outcomes (1-2.5%) and are highly recommended, especially
for diffuse type and signet ring cell carcinomas which inde-
pendently predicted positive resection margins in our cohort
and previous studies.>*7)

Importantly, our results demonstrate that DG resulted in
fewer and less severe postoperative complications (overall,
anastomotic leakage, pneumonia, and atrial fibrillation), less
blood loss and splenectomy, shorter operating time and hos-
pital and ICU stay, quicker postoperative recovery, and better
quality of life compared to TG. This is in line with a previ-
ous nationwide evaluation.”” Additionally, a meta-analysis
of 3554 patients containing mostly retrospective studies and
few clinical trials, all without neoadjuvant chemotherapy,
reported similar results favoring DG and showed that TG-
patients suffer from higher complication and mortality rates,
longer operating time, and more intraoperative blood loss.!”!
Hence, DG results in optimal safety of surgery due to lower
perioperative morbidity, shorter hospitalization, faster post-
operative recovery, and better patient-reported outcomes, both
with and without neoadjuvant chemotherapy. This strongly
supports performing DG after careful patient selection.

Patients in the current study experienced significantly
better quality of life after DG versus TG regarding most
functional and symptom scales at one or all time points in
the 1-year follow-up (predominantly > 10 points difference),
possibly as a consequence of functional preservation of part
of the stomach. Importantly, all significant differences were
also clinically relevant and categorized in medium (41%) or

small differences (59%) based on previous guidelines, with-
out any trivial (0%) differences.[>>2% The current Western
cohort presents unique and comprehensive prospective qual-
ity of life data with substantial improvements favoring DG.
Interestingly, QoL-items after DG restored to the preopera-
tive baseline faster than after TG (x 3 versus 6—12 months).
Moreover, after DG, 7 items even reached better QoL-values
at 6-12 months after surgery than preoperatively, whereas
after TG several symptoms (pain, reflux, eating restric-
tions, diarrhea) did not fully recover within 12 months. The
reported quality of life scores were comparable in value to a
previous nationwide evaluation, suggesting that our results
are representative.*®! Three previous single-center Asian
studies without neoadjuvant chemotherapy assessed quality
of life and presented similar conclusions.'® 1% Accordingly,
although TG results in acceptable quality of life, DG leads
to better quality of life, also after neoadjuvant chemotherapy.
To complement the abovementioned, several recommen-
dations for surgical decision making can be stated. The sur-
gical strategy (DG or TG) should primarily be based upon
achieving a radical D2-gastrectomy, and may secondarily
be adjusted to ensure safety of surgery. It should be noted
that there is not always a “choice” for surgeons between per-
forming DG or TG; for instance, proximal tumors are not
eligible for distal gastrectomy. In the current study, the differ-
ences in baseline characteristics reflect this surgical selection
process. Notably, the RO-resection rates after DG and TG
(98% versus 91%) should be interpreted within the context
of these baseline differences, since the TG-group contained
proximal tumors and had larger tumor diameters (p =0.023),
higher cT-stages (»p=0.001), and more diffuse type tumors
(p=0.005), which predict positive resection margins.***! In
addition, patients selected to undergo DG were older and had
more comorbidities compared to TG-patients. Since patients
with older age, more comorbidities, poor performance sta-
tus, and deteriorated body composition during neoadjuvant
chemotherapy have been related to poorer surgical periopera-
tive outcomes, such characteristics should also be taken into
account when selecting patients for DG or TG.**!! Fur-
thermore, although infrequently, gastric cancer of the rem-
nant stomach after DG can occur at long-term, which should
not be neglected in the surgical decision making.!'!! Hence,
incorporating both tumor and patient characteristics when
balancing radicality, surgical risk and morbidity in order to
determine the extent of resection (DG or TG) is crucial.
The costs of surgery are not always incorporated when
clinically considering distal or total gastrectomy; however,
this is highly relevant for hospital management. In the
LOGICA-trial, we had previously assessed the cost-effec-
tiveness of D2-gastrectomy in detail: the mean total costs
of D2-gastrectomy including costs associated with surgery
(e.g., hospitalization, diagnostic modalities, complications,
re-interventions, medication, emergency visits, rehabilitation
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and nursing homes, and productivity loss) noted €21,939 per
distal and €31,583 per total D2-gastrectomy.!*?! This sub-
stantial cost-difference in favor of DG is mainly due to the
lower complication rate, shorter hospitalization, and shorter
operating time after DG versus TG, and may play a role in
surgical decision making.

Since patients selected for DG differ in baseline from TG-
patients by definition as described, this limits statistical com-
parison to some extent. However, the baseline differences are
inherent to the indication per surgical procedure (DG/TG), and
our findings consistently support DG in alignment with previ-
ously mentioned studies. Furthermore, several details of the
Roux-en-Y reconstruction, including length of Roux-limbs and
antecolic/retrocolic position and jejunal pouch formation and
size, were not standardized in the LOGICA-trial, which could
have resulted in (minor) differences in QoL-results between
DG and TG.*** Strengths of this study are the LOGICA-
randomization procedure that stratified for extent of resection
(DG/TG) and hospital of surgical treatment, therefore mini-
mizing selection bias, hospital reporting bias for postopera-
tive complications, and differences in surgical outcomes due
to hospital variation. In addition, the current secondary LOG-
ICA-trial analysis is the first to assess surgical and oncological
outcomes for Western gastric cancer patients in a prospective
multicenter cohort incorporating neoadjuvant chemotherapy,
and the first to report on quality of life after DG versus TG in a
Western population. The reported outcomes may be considered
high quality and representative for the Dutch population as 10
high-volume upper-GI centers participated.

In conclusion, Western gastric cancer patients selected
for DG experienced fewer and less severe complications
(overall, anastomotic leakage, pneumonia, atrial fibrillation),
demonstrated quicker postoperative recovery, and reported
substantial better quality of life, also after neoadjuvant
chemotherapy, while oncological effectiveness after DG
was safeguarded. Therefore, in selected patients where DG
is oncologically feasible, DG should be preferred over TG.
Alternatively, TG is safe and effective if adequate oncologi-
cal control cannot be achieved with DG. To determine the
optimal surgical strategy for each gastric cancer patient, it is
crucial to individually balance radicality, surgical morbidity
and quality of life.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11605-023-05683-z.
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