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Abstract

This review summarizes the definition and surgical methods of oncometabolic
surgery according to previous studies. Then, the authors discuss the beneficial
effects observed after gastrectomy in gastric cancer (GC) patients with concurrent
hypertension or type 2 diabetes mellitus (T2DM). The authors summarize the
current studies analyzing the remission rate and the hypotheses of the
mechanisms underlying these effects. The remission rate ranged from 42.5%-
65.4% in T2DM patients and from 11.1%-57.6% among those with hypertension.
Furthermore, the remission of T2DM could have an impact on overall survival
rates as well. The mechanisms underlying the remission of hypertension and
T2DM is unclear in current studies, but oncometabolic surgery is expected to be
applied in clinical practice. In addition, the effect of oncometabolic surgery on
other chronic metabolic comorbidities is expected to be proven in further studies.
Therefore, the purpose of this review is to discuss the effects of oncometabolic
surgery reported in current studies with a primary focus on the remission of
hypertension and T2DM after gastrectomy in GC patients. The possibility of the
remission of other metabolic comorbidities in GC patients who undergo
oncometabolic surgery is also discussed.

Key Words: Gastric cancer; Type 2 diabetes mellitus; Hypertension; Remission;
Oncometabolic surgery

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The purpose of this review is to discuss the effects of oncometabolic surgery
observed in current studies, mainly including the remission of hypertension and type 2
diabetes mellitus after gastrectomy in gastric cancer (GC) patients, and to evaluate the
possibility of the remission of other metabolic comorbidities in GC patients who
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INTRODUCTION

Gastric cancer (GC) is the second most common digestive system cancer. As estimated
by GLOBOCAN in 2018, the incidence of GC ranks fifth among all cancers, with 1
million new cases and 780 thousand deaths worldwide[1]. Radical resection plus
standardized D2 Lymphadenectomy is the standard method for curative intention[2].
The 5-year survival rate of early GC patients has reached 90%, causing concern about
these patients” quality of life after gastrectomy[3,4]. With the number of cancer-related
deaths decreasing among postoperative GC patients, the control of chronic diseases
has become another medical concern.

The initial and obvious purpose of bariatric surgery is to achieve weight loss and
maintenance[5]. However, morbid obesity drastically elevates the risk of some chronic
metabolic comorbidities, especially the most common diseases including hypertension,
type 2 diabetes mellitus (T2DM), dyslipidemia, sleep apnea, and so on[6]. It has
rapidly come under observation that bariatric surgery is effective in treating metabolic
comorbidities in obese patients[7,8]. A meta-analysis including eleven randomized
controlled trials reported by Cummings and Cohen provided class 1A evidence
demonstrating the effect of bariatric surgery on T2DM remission[9]. Thus, the concept
of metabolic bariatric surgery is gradually being developed.

To our knowledge, the extent of gastrectomy and reconstruction methods in
bariatric surgery has a strong level of similarity with that in gastrectomy of GC
patients. Therefore, surgeons began to pay close attention to the remission of
hypertension or T2DM after gastrectomy in patients who suffer from concurrent GC
and metabolic comorbidities[10,11]. Fortunately, this hypothesis was proposed in
some previous studies of oncometabolic surgery[12,13]. It has been reported that
insulin resistance improves and fasting blood glucose returns to normal after
gastrectomy, although controversy regarding the mechanism underlying this
remission still exists[14]. There was a retrospective study of 143 patients in which the
hypertension remission rate after gastrectomy was evaluated[15], and it was relatively
less than the T2DM remission rate reported in previous studies.

Although limited studies exist, the potential of oncometabolic surgery is nonneg-
ligible. Therefore, the purpose of this review is to discuss the effect of oncometabolic
surgery based on current studies, mainly including the remission of hypertension and
T2DM after gastrectomy in GC patients, and to evaluate the possibility of the
remission of other metabolic comorbidities in patients who undergo oncometabolic
surgery.

CONCEPT OF ONCOMETABOLIC SURGERY

Oncometabolic surgery is a single operation that not only achieves tumor radical
resection but also controls metabolic diseases, including hypertension and T2DM]10,
16]. The extent of gastrectomy includes total gastrectomy and subtotal gastrectomy,
and the reconstruction methods consist of Billroth I (B-I), Billroth II (B-II) and Roux-en-
Y (RY) reconstruction (Figure 1). In a previous study, it was demonstrated that total
gastrectomy with RY reconstruction had the highest remission rate[17]. In addition,
Peng et al[18] considered that only the extent of gastrectomy influenced T2DM
remission[18]. Similarly, Wang et al[19] found that total gastrectomy itself was closely
related to hypertension remission[19]. Park et al[20] considered that long-limb RY
reconstruction, which is closely associated with RY gastric bypass, was oncometabolic
surgery[20]. However, we considered total gastrectomy and subtotal gastrectomy with
all reconstruction methods, including B-I reconstruction, B-II reconstruction, RY
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Figure 1 Schematic illustration of gastrectomy and reconstruction methods. A: Distal gastrectomy with Billroth | reconstruction; B: Distal gastrectomy
with Roux-en-Y reconstruction; C: Distal gastrectomy with conventional uncut Roux-en-Y gastrojejunostomy; D: Distal gastrectomy with Billroth Il reconstruction; E:
Total gastrectomy with Roux-en-Y reconstruction; F: Distal gastrectomy with long-limb uncut Roux-en-Y gastrojejunostomy.

reconstruction, conventional uncut RY gastrojejunostomy, and long-limb uncut RY
gastrojejunostomy, as oncometabolic surgeries.

T2DM REMISSION

GC patients can experience T2DM remission after gastrectomy, and the remission rate
ranges from 42.5%-65.4% (Table 1)[13,14,17,21-26]. However, the factors predicting
T2DM remission remain unclear. An ef al[13] suggested that the degree of T2DM
control was related to its duration[13]. Kim et al[17] analyzed the records of 385
patients and concluded that body mass index reduction was significantly correlated
with T2DM remission. Total gastrectomy with RY reconstruction was reported to lead
to higher remission rates than other surgical methods, however, whether the extent of
gastrectomy or the reconstruction method played an important role in T2DM
remission remains controversial[l7]. Wang et al[21] reported that the extent of
gastrectomy rather than the reconstruction method was the key factor affecting T2DM
remission[21], but Choi et al[22] suggested that RY reconstruction played an important
role in T2DM remission[22]. Peng et al[18] conducted a meta-analysis and reported
that the extent of gastrectomy rather than the reconstruction method might play an
important role in T2DM remission after gastrectomy in patients with GC[18].
However, there were only three studies in the subgroup analysis about the extent of
gastrectomy on T2DM remission; therefore, the results might not be robust[17,18,21].

The remission of T2DM could also have an impact on overall survival. Wei et al[23]
compared a remission group with a non-remission group and found that recovery
from pre-existing T2DM after radical gastrectomy was associated with better overall
survival; however, the study included only 67 patients, and larger studies are needed
in the future[23].

The mechanism underlying T2DM remission after gastrectomy is unclear, but
bariatric surgery might contribute to T2DM remission in a similar way. T2DM
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Table 1 Oncometabolic surgery on type 2 diabetes

Ref. Surgery Sample size CR+PR CR PR Follow-up (mo)
Lee ef al[14], 2012 RYTG, BI, BII, RYG] 229 56.8% 19.7% 37.1% NA

An et al[13], 2013 RYTG, BI, BII 64 57.8% 3.1% 54.7% 12

Wang et al[19],2020  RYTG, BI, BII, RYG] 69 43.5% 13.0% 30.5% NA

Wei et al[23], 2014 RYTG, BII 67 59.7% 26.9% 32.8% 57.4

Kim et al[17], 2012 RYTG, BI, BII 385 45.5% 15.1% 30.4% 337

Zhu et al[24], 2015 RYTG, B, BII 292 65.4% 55.5% 9.9% 24

Choi et al[22], 2017 RYTG, BI 40 42.5% 2.5% 40.0% 12

Kim et al[25], 2020 LLBR, BII 226 52.2% 4.9% 47.3% 12

Park ef al[20], 2020 RYTG, B, BII, RYG] 52 63.5% NA NA 12

CR: Complete remission; PR: Partial remission; RYTG: Roux-en-Y total gastrectomy; BI: Billroth I reconstruction; BII: Billroth II reconstruction; RYG]J:

Subtotal gastrectomy with Roux-en-Y gastrojejunostomy reconstruction; LLBR: Long-limb bypass reconstruction; NA: Not available.

Jaishideng®

remission was related to lifestyle changes, including decreased food intake, reduced
body weight and intestinal malabsorption. Several theories explaining T2DM
remission beyond lifestyle changes have been proposed. The foregut theory states that
patients undergoing duodenal bypass experience anti-diabetic effects, and the hindgut
theory states that early contact of unabsorbed nutrients with the distal intestine
improves T2DM. Furthermore, hormones, including ghrelin, glucagon-like peptide
(GLP)-1 and GLP-2, can influence T2DM remission.

HYPERTENSION REMISSION

GC patients also experience hypertension remission after gastrectomy. Peng et al[15]
conducted a retrospective study of 143 patients who underwent gastrectomy and the
resulting effects on hypertension and found that the hypertension complete remission
rate was 55.3%. In addition, age and total gastrectomy were predictors of hypertension
remission 6 mo after gastrectomy[15]. Wang et al[19] compared hypertension
remission between total gastrectomy and subtotal gastrectomy in non-obese non-
diabetic GC patients and found that total gastrectomy itself, beyond weight loss, was
associated with hypertension remission[19]. Another study included 33 patients and
found that 14 patients experienced hypertension remission 1 year after gastrectomy
[20]. Kim et al[27] reported on 66 early GC patients undergoing gastrectomy and
endoscopic submucosal dissection and found that the hypertension remission rate was
57.6%, and gastrectomy was a predictor of hypertension remission 1 year after surgery
[27]. Lee et al[12] reported the largest number of patients (n = 351) from nationwide
data, and after a follow-up of 36.7 mo, only 11.1% of patients experienced hyper-
tension remission; however, the results analyzed were based on nationwide data, and
limited baseline information was available[12]. Therefore, the hypertension remission
rate after gastrectomy was 11.1%-57.6% (Table 2), and Peng et al[15] proposed that
total gastrectomy is an oncometabolic surgery that can cure younger patients with
concurrent GC and hypertension[15].

There were some limitations because of the limited number of studies. Previous
studies reported on the remission of hypertension; however, the follow-up time was
short, and hypertension might reoccur in long term follow-up. In addition, the
improvement of sodium absorption dysfunction, instead of weight loss, might be the
factor leading to better management of blood pressure. However, no studies have
reported the lifestyle factors of patients after gastrectomy, including physical exercise,
drinking and smoking, and these lifestyle factors might also play an important role in
hypertension remission.

Furthermore, the mechanism underlying hypertension remission is still unknown. It
is hypothesized that the levels of some hormones, such as renin, angiotensin II,
aldosterone, adiponectin, GLP-1, and tumor necrosis factor, might cause blood
pressure fluctuations. However, a previous study found no difference in serum levels
of these indicators before and after surgery. Thus, more experiments need to be carried
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Table 2 Oncometabolic surgery on hypertension

Ref. Country Surgery Sample size CR+PR CR PR Follow-up (mo)
Peng et al[15], China RYTG, BL BI, RYG] 143 55.3% 46.9% 8.4% 6

2020

Wang et al[21], China RYTG, RYG]J 16 93.8% 100% 87.5% 12

2014

Park ef al[26], 2017 Korea uRYGJ, LLBR 33 42.4% NA NA 12

Kim et al[27], 2019 Korea RYTG, B, BI, RYG] 66 57.6% 45.5% 12.1% 12

Lee ef al[28], 2017~ Korea RYTG, BI, BI, RYG] 351 11.1% NA NA 36.7

CR: Complete remission; PR: Partial remission; RYTG: Roux-en-Y total gastrectomy; BII: Billroth II reconstruction; BI: Billroth I reconstruction; RYG]J:

Subtotal gastrectomy with Roux-en-Y gastrojejunostomy reconstruction; uRYG]J: Subtotal gastrectomy with uncut Roux-en-Y gastrojejunostomy

reconstruction; LLBR: Long-limb bypass reconstruction; NA: Not available.

Jaishideng®

out in the future.

FUTURE PERSPECTIVE

Evidence for the effects of bariatric surgery (also referred to as metabolic surgery) on
T2DM remission has been demonstrated in previous studies. Metabolic surgery is
expected to become an alternative for the treatment of T2DM in the future, instead
being used only for weight loss[28]. Similarly, it is notable that gastrectomy has the
same metabolic effect as bariatric surgery on patients with concurrent GC and
metabolic comorbidities. Thus, oncometabolic surgery, which has been considered a
developing concept in recent years, has the ability to improve the quality of life of
patients with metabolic comorbidities[10,16]. Surgeons continuously improve
traditional gastrectomy techniques to benefit patients. T2DM remission after
gastrectomy has been found to be associated with better overall survival outcomes
[23], but there is no previous evidence demonstrating a relationship between
hypertension remission and overall survival outcomes. Short follow-up times are the
current obstacle to the observation of the remission of comorbidities that may
influence long-term survival rates after gastrectomy.

In addition, the focus of attention in oncometabolic surgery research has been T2DM
rather than hypertension or other metabolic comorbidities. The effects of
oncometabolic surgery on other metabolic comorbidities, such as fatty liver disease,
hyperglycemia and hyperosmotic syndrome, leukodystrophy, hyperlipidemia, gout,
and osteoporosis, are expected to be evaluated in the future. With the maturation of
the concept of oncometabolic surgery, the opportunity to treat both GC and metabolic
diseases through a single operation is possible. Therefore, a larger sample size and
basic medical experiments are needed in future research.

CONCLUSION

With the maturation of the concept of oncometabolic surgery, the opportunity to treat
both GC and metabolic diseases through a single operation is possible.
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