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The role of subtotal and total gastrectomy in the treatment of gastric cancer 
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The optimal procedure for the lower third gastric adenocarcinoma is still an open question. We performed an analysis 
of the long-term survival of patients after subtotal (SG) or total gastrectomy (TG) on 164 enrolled patients. Bivariate and 
multivariable analyses were performed in order to identify characteristics associated with long-term survival. Survival was 
significantly affected by the number of positive lymph nodes (LN). Patients who have undergone TG had a higher number 
of total removed LN. The adjusted hazard ratio for the TG group suggests a partial superiority of TG over SG for patients 
with curative intent. Our data support the importance of extended LN dissection. 
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More than a century has passed since Billroth’s first radical 
resection in 1891 and the first total gastrectomy (TG) carried 
out by Schlatter in 1897. Nevertheless, the choice of optimal 
procedure for the lower (distal) third gastric adenocarci-
noma is still an open question [1]. TG was associated with 
high mortality in the past, therefore, up to 1938, only 27 TGs 
were documented according to Mayo Clinic [2]. In the 1940s 
Scott and Longmire published a study where perioperative 
mortality after TG has been successfully reduced to 9.5% [3]. 
Longmire summarized the results of 15 studies from the 1940s 
to 70s, TG was performed in 6.5–48.8% of all resections [3]. 
As indicated already in the paper by Longmire, the concept 
of Japanese surgeons was based on the idea that extensive 
lymphadenectomy would be ultimately more beneficial than 
radical gastric resection. According to this concept, it is 
considered crucial to remove locoregional lymph nodes (LNs) 
in order to prevent metastasis and thus improve survival 
[4]. At that time, most patients with gastric cancer (GC) in 
Europe were diagnosed at an advanced stage, therefore, the 
en principle TG, i.e., total gastrectomy with LN dissection was 
the preferred surgical treatment to ensure better long-term 
survival. Several renowned surgeons were the representatives 
of this view [5] and one of the reasons that supported the 
concept was the above-mentioned higher prevalence of large 
tumors and LN involvement. Nevertheless, the assumption 
that the long-term survival could be influenced by the en 
principle TG-driven choice of procedure was not confirmed 

and 5-year survival in the 1970s was achieved in only 20% of 
GC patients [3, 6]. In contrast with en principle TG concept, 
two multicentric prospective randomized studies published 
by Gouzi et al. in 1989 and Bozzeti et al. in 1999, showed 
similar survival rates for subtotal gastrectomy (SG) and TG 
[4, 7, 8]. From the 1980s, only a few retrospective studies 
have been published and all have failed to prove the superi-
ority and overall survival benefit from TG. Thus, the extent 
of surgery remains among surgeons subject to debate. Recent 
studies have shown that for patients with middle-third GC, 
distal SG shortens the operation duration and postoperative 
hospital stay and reduces postoperative complications [9]. 
Some authors assume that SG may be beneficial and prefer-
able for proximal GC [10, 11]. Goto et al. reported noninfe-
riority of SG for remnant GC at stage IA disease [12]. The 
indication of TG or SG is nowadays a very complex process 
taking into account the stage of disease, location and biology 
of the tumor, comorbidity of the patient, expected quality of 
life, and also the patient’s needs and preferences [13, 14].

Over the past decade, we have perceived in our Depart-
ment of Surgery that patients who underwent potentially 
curative TG might have better survival rates in comparison to 
those with SG. Therefore, our goal was to explore our clinical 
experience and perform an adjusted analysis of the long-term 
survival of patients after radical resection of GC by either 
procedure, taking into account differences in prognostic 
factors or baseline characteristics between TG and SG groups 
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that might influence the outcome with focusing on the effect 
of the total number of LNs removed during the resection and 
the number of positive LNs.

Patients and methods

All records of patients who underwent radical resection 
for GC in the range of SG or TG between January 1, 2007 
and December 31, 2018, and entered a routine follow-up 
protocol, were retrieved from the institutional database and 
screened for eligibility. The inclusion criteria for this study 
were as follows: 1) age above 20 years; 2) history of radical 
SG or TG, and 3) histologically confirmed GC. Exclusion 
criteria: gastrointestinal stromal tumors, neuroendocrine 
neoplasms, and lymphomas. Finally, a total of 164 patients 
with GC were included in the study. The clinicopathological 
stage of all patients was classified according to TNM classi-

fication 2010 [15]. The primary outcome was the overall 
survival of patients after TG and SG adjusted for the effects 
of covariates − the number of LNs removed and LN involve-
ment. The Cox regression procedure was used for modeling 
the time at which the event (death from any cause occurring 
during the follow-up) or censoring occurred based upon the 
values of the covariates [16]. Survivors and patients censored 
for loss to follow up (e.g., transfer of care) were considered 
beginning on the day of surgery and continuing until the last 
recorded visit or until December 31, 2018 (the end of study).

This study was conducted in accordance with the ethical 
principles set forth in the Declaration of Helsinki and 
approved by the Institutional Review Board. Statistical 
analyses were performed using Microsoft Office Excel 2010 
(Microsoft Corporation) and StatsDirect® 3.2.7 (StatsDirect 
Ltd., Cheshire, UK).

Results

From a total of 164 patients with GC, 97 (59.1%) were 
males and 67 (40.9%) were females, with male to female 
ratio reflecting those reported by the created web portal 
about tumor epidemiology in the Czech Republic, which 
reflects the epidemiological situation in our country as 
well  [https://portal.med.muni.cz/article-584-epidemiology-
of-malignant-tumours-in-the-czech-republic.html]. TG was 
performed in 89 patients with an average age of 62, the 
average number of removed LNs was 24.5. Patients with 
negative LNs were 26 (29.2%). Positive LNs were found in 
63 (70.8%) patients with the average number of positive LNs 
9.3. 75 patients underwent SG with an average age of 66, the 
average number of removed LNs was 20.3, patients without 
LN involvement were 31 (41.3%). Metastases in LNs were 
detected in 44 (58.7%) patients with an average number of 
positive LNs of 6.6.

Bivariate analysis. Patients’ demographic and clinico-
pathological characteristics grouped by the outcome are 
summarized in Table 1. Bivariate analysis of overall survival 
rate within the subgroups by the type of surgery, histology, 
LN involvement, and T status is presented in Figures 1A–1D. 
Non-significantly worse survival in the TG group (Figure 1A) 
was reverted on the multivariable analysis (Table  2) after 
adjustment on covariates significantly associated with 
prognosis in bivariate analysis.

The distribution of the number of LNs removed during 
surgery is shown in Figure 2. The mean LN removed in the 
TG subgroup was not significantly different between dead 
(24.9, median 22; n=40) and survived patients on bivariate 
analysis (24.2, median 25; n=49; p=0.784). The difference 
between means for dead and survived patients in the SG 
subgroup was more pronounced, although still not statisti-
cally significant (18.5, median 17.5; n=32, vs. 21.7, median 20; 
n=43; p=0.187). However, the mean LN removed in the SG 
subgroup was significantly lower than that in the TG subgroup 
(20.3 vs. 24.5; p=0.011). At the same time, we have found a 

Table 1. Clinical and laboratory characteristics of 164 patients with gas-
tric cancer treated between January 2007 and January 2019 grouped by 
the primary outcome.
Patients’  
characteristics

Total 
n=164

Dead
n=72

Survived
n=92 p-value

Age (years)
Mean ± SD 63.9±10.88 64.3±10.25 63.6±11.40 0.9721

Sex
0.6118Male 97 41 56

Female 67 31 36
NACT

0.3329
Yes 129 59 70
No 33 12 21
Not applied 2 1 1

Surgery
0.5426TG 89 40 49

SG 75 32 43
Histology

0.0304*
Diffuse 87 43 44
Mixed 13 3 10
Intestinal 64 26 38

Positive LN
0.0009Yes 107 57 50

No 57 15 42
Total LN removed

0.4663Median  
(Q1–Q3)

22  
(14.5–31.5)

21  
(13.5–29)

22  
(15–32)

Positive LN/Total LN
<0.0001Median  

(Q1–Q3)
0.098  

(0–0.39)
0.243  

(0.07–0.6)
0.038  

(0–0.23)
T status

0.0109
T1 (one in situ) 29 6 23
T2 19 8 11
T3 50 23 27
T4 66 35 31

Note: *significance for intestinal or mixed type versus diffuse type; NACT – 
neoadjuvant chemotherapy
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moderate, but significant positive correlation between the 
numbers of positive LN and LN removed (r=0.340; p<0.001). 
Since the number of LNs removed was unambiguously linked 
to the type of surgery, this variable might act as a potential 
confounder distorting the relationship between the exposure 
(the treatment groups) and the outcome (the distribution of 
survival times). Therefore, we included this characteristic in 
the multivariable Cox regression model.

Multivariable analysis. We used a standard Cox propor-
tional hazards regression model to test the impact of the type 
of surgery on survival in addition to other covariates selected 
from the clinicopathological features known to affect gastric 
cancer patients’ survival. Results of fitting the Cox model to 
the data and testing the selected predictors for a significant 
effect on survival-time are presented in Table 2. In the multi-
variable modeling of time-to-death, positive LN and more 

Figure 1. Kaplan-Meier curves for OS in patients with GC, grouped by A) type of surgery (log rank test: p=0.543, non-significant), B) histological type 
(diffuse vs. other, p=0.033), C) lymph node status (log rank test: p=0.001), and D) T staging (overall log rank test: p=0.011).

Table 2. Multivariable Cox regression analysis of factors associated with 
overall survival in patients with gastric cancer.
Variable b p-value HR 95% CI
Type of surgery: TG (coded  
as 1) vs. SG (coded as 0) –0.2038 0.4257 0.8157 0.494–1.347

Histology: diffuse (coded as 1) 
vs. other (coded as 0) 0.3609 0.1505 1.435 0.877–2.346

Removed nodes
(per one node increase)

–0.0111 0.4053 0.989 0.963–1.015

Positive nodes
(per one node increase)

0.0662 0.00003 1.069 1.036–1.102

T1 status reference
T2 status 0.7832 0.1490 2.189 0.755–6.340
T3 status 0.8999 0.0595 2.459 0.965–6.269
T4 status 1.0109 0.0301 2.748 1.102–6.850

Note: the likelihood χ2 test statistic was 33.715 and corresponding p-value 
<<0.001. Abbreviations: b-regression coefficients; HR-hazard ratio; 95% CI-
95% confidence interval; P-probability; TG-total gastrectomy; SG-subtotal 
gastrectomy

Figure 2. Box-plots of the number of removed lymphatic nodes, grouped 
by the type of surgery and the outcome. The box shows the interquartile 
range, the T-bars represent the highest and the lowest values, the hori-
zontal line in the middle is the median, and the diamond represents the 
mean.
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of carcinoma. However, long-term survival adjusted for 
histology, the number of removed and positive nodes, and 
for T status, was better in patients undergoing TG, even if 
the decrease in the instantaneous hazard rate did not achieve 
statistical significance (Table 2). Mortality and morbidity in 
both groups, TG and SG, were comparable. Several patients 
underwent multivisceral resection along with TG. Despite 
this fact, 30-day mortality was not present and 90 days 
mortality was comparable to other high-volume centers 
mentioned above (1 case in the TG group – 1.1%, 2 cases in 
the SG group – 2.7%). Our analysis has shown that the higher 
number of removed LNs independently improves the long-
term survival in both groups. On the other hand, the higher 
number of positive LNs and the histological type (diffuse 
type) both worsen the prognosis. These results are in line 
with the significant multicentric East Asian study conducted 
by Woo (Yonsei GC Prognosis Prediction Model) [25]. HRs 
for the number of retrieved LN are almost the same (0.986 
vs. 0.989). The HR value of 0.895 per each 10 removed LNs 
can easily be calculated using the respective regression coeffi-
cient (–0.0111). Results of Woo suggest the superiority of SG, 
but he included also palliative patients, which could have had 
an impact on the result. Ju prefers the TG for larger, more 
aggressive tumors with higher stage [19].

In Western countries, more advanced stages of GC are 
diagnosed compared to Asian countries. Similarly, the 
patients in our study have a higher proportion of T3 and 
T4 status as well as a higher proportion of the invasion into 
surrounding organs and a corresponding higher number of 
TGs. Probably the most important finding of our study is 
that the total number removed and positive LNs are clini-
cally important factors influencing long-term survival. This 
fact can explain to some extent, why the results of TG and SG 
are comparable in general. The main goal of surgery in GC 
patients should not be only the maximum extent of gastric 
resection, but also the effort to prevent LN involvement. The 
higher number of removed LNs provides a presumption that 
there will be also removed positive LNs, which may be not 
revealed by histopathologic examination.

In our study, patients who have undergone TG had a 
higher number of total removed LNs. Even if this study was 
insufficient to prove the superiority of one procedure to 
another, it suggests the superiority of TG over patients with 
curative intent. Our data support the view of the importance 
of extended lymph node dissection.

Acknowledgments: The study was partially supported by the 
grant KEGA 041UK-4/2020.

advanced tumor stage variables remained statistically signifi-
cant terms, and have kept their statistically and/or clinically 
important contribution to survival. From the adjusted HR 
below one, it follows that the survival outcomes were more 
beneficial for the TG group in comparison with the SG. The 
same holds for the number of removed LNs with higher 
numbers improving survival outcomes.

The multiple regression analysis did not confirm the 
superiority of one procedure to another regarding their 
effects on survival. However, with standard hypothesis 
testing we cannot claim the equivalence between the two 
surgical approaches (i.e., confirm the null hypothesis). 
Therefore, based on the estimated hazard, there might still 
be the possibility of better survival for the TG group. Our 
results suggest that our study might have been underpow-
ered to detect a significant effect of either approach, this 
controversial topic can only be clarified by more efficiently 
designed clinical trials.

Discussion

The extent of gastric resection for GC is still a discussed 
topic, also due to a relatively low percentage of patients 
with 5-year survival in the Western world. The proportion 
of diffuse carcinomas in different geographic locations may 
also affect decision-making on the extent of the procedure. 
Literature data suggest that TG does not improve survival 
in patients with middle- and distal third GC, hence SG is 
currently the preferred procedure [17–19]. Nevertheless, TG 
is carried out in the Western world in relatively high numbers. 
In a meta-analysis of 6 studies, Kong reported comparable 
survival rates between patients treated with TG and those 
treated with SG [18]. A higher percentage of complications 
and fistulas were detected in TG patients, which, however, 
can be explained by the fact that the meta-analysis included 
some older studies, while safer more modern procedures are 
currently available. In Bozzeti’s study [8], there was a higher 
number of splenectomies in patients undergoing TG, which 
could also affect morbidity. Newer and more modern equip-
ment is currently available, as well as new surgical proce-
dures that reduce operative time, blood loss, surgical shock, 
and forced TG. All these facts lead to lower overall perioper-
ative morbidity and mortality. Thus, at present, perioperative 
mortality was reduced in specialized high-volume centers to 
3% [20–22]. At the time of the introduction of laparoscopic 
surgery of GC, a higher proportion of patients undergoing 
SG surgery has been reported [23]. Even though according 
to the latest research, SGs are performed in the vast majority 
of the cases [13], however, Gertsen et al. reported 42.2% of 
performed TGs [24].

In our study, TG was the dominant modality performed 
in 54.2% of the cases. We examined retrospectively the 
differences in long-term overall survival in both groups of 
radically operated patients. In the TG group, there were more 
patients with advanced disease and with a diffuse subtype 
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