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Abstract

Background Development of laparoscopic gastrectomy and the Enhanced Recovery After Surgery (ERAS) protocol

enable early discharge to home of patients with gastric cancer (GC). However, a significant proportion of patients are

still discharged to inpatient facilities after surgery. We aimed to identify predictive factors of non-home discharge in

patients with GC who undergo gastrectomy.

Methods We enrolled 517 patients with histopathologically confirmed diagnosis of GC who underwent gastrectomy.

Results The number of patients with non-home discharge was 23 (4.4%), and non-home discharge was only observed

in patients with GC aged C65 years. Patients were divided into the mFIHigh (C0.272) and mFILow (\0.272) groups

according to the cut-off value determined by ROC analysis. The mFIHigh classification was significantly more

frequent in patients aged C75 years, who underwent either total or proximal partial gastrectomy, who underwent

limited lymph node dissection, and with non-home discharge than in patients aged \75 years (p = 0.0002), those

who underwent distal partial gastrectomy (p = 0.032), those who underwent standard lymph node dissection

(p = 0.036), and those without non-home discharge (p = 0.0071). Multivariate analysis revealed mFI as an inde-

pendent predictive indicator of non-home discharge, along with postoperative complications and surgical approach,

in patients with GC aged C65 years. The frequency of patients with non-home discharge was significantly associated

with the number of these three predictive factors in GC patients aged C65 years (p\ 0.0001).

Conclusions The combination of mFI, postoperative complications, and surgical approach is useful for predicting

non-home discharge in patients aged C65 years who underwent gastrectomy for GC.

Introduction

Gastric cancer (GC) is the third leading cause of cancer

death worldwide [1]. The mainstay curative treatment for

GC is gastrectomy with regional lymph node dissec-

tion. Although morbidity and mortality rates after gas-

trectomy are low [2], some patients suffer from

postoperative complications [3], which can worsen their

short-term outcomes by increasing their hospital stay or

requirement for fasting. The postoperative nutritional status

of some patients worsens compared to their preoperative

nutritional status because gastrectomy decreases the

stomach volume, which eventually results in loss of food
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intake. Therefore, some patients require nutritional support

for long periods after surgery. Because surgical stress,

postoperative complications, and poor nutritional status

decrease patients’ activity, patients undergoing gastrec-

tomy often require rehabilitation before they return to their

ordinary life. However, it is often difficult to administer

these treatments in acute care hospitals due to the limited

number of beds and insurance systems, which do not allow

for long-term rehabilitation. Therefore, patients who

require rehabilitation and additional nutritional support are

usually transferred to chronic hospitals for treatment. It is

important to predict non-home discharge to decide on an

adequate treatment strategy after surgery and promptly

transfer patients to a chronic hospital. To this end, the

identification of predictive factors for non-home discharge

is indispensable. However, preoperative predictive factors

for non-home discharge in patients with GC remain

unclear. Therefore, this study aimed to identify predictive

factors for non-home discharge in patients with GC who

underwent gastrectomy.

Materials and methods

Patients

This study was based on a retrospective cohort of 517

consecutive patients with pathological diagnosis of GC

who underwent gastrectomy (distal, proximal, or total

gastrectomy) at Tottori University Hospital from January

2010 to December 2017. Patients with synchronous mul-

tiple primary cancer and gastric-tube cancer were exclu-

ded. Patient information was obtained retrospectively

through a review of the hospital database. The Institutional

Review Board of Tottori University Hospital approved the

study (approval number: 17A152), and the requirement for

informed consent was waived given the retrospective nat-

ure of the study. Clinicopathologic findings were based on

the 15th edition of the Japanese Classification of Gastric

Carcinoma [4].

Decision-making process of transferring patients

to other hospitals

In principle, patients were transferred to a chronic hospital

when they required rehabilitation or nutritional support

after surgery. Non-home discharge was defined as that the

patient whom physical strength decreased following gas-

trectomy transfer to institutional care facility such as

rehabilitation hospital and chronic hospital, because of

promoting rehabilitation or nutrition. The decision-making

process for non-home discharge is shown in Fig. 1. The

first step is to confirm that the patient does not suffer from

any postoperative complications that require any treat-

ments. The second step is to evaluate the patient’s ECOG

performance status (PS) and nutritional status. The patients

with PS 2/3/4 or those who orally take less than 30% of

basal energy expenditure by the Harris–Benedict equation

were transferred to rehabilitation hospital and chronic

hospital for rehabilitation and nutritional support. We start

this process 2 weeks after operation and repeated it every

week until the patients discharge our hospital.

Modified frailty index (mFI)

The mFI was defined by the following 11 preoperative

items: (1) functional status (not independent); (2) diabetes;

(3) chronic obstructive pulmonary disease or pneumonia;

Postoperative complication

Additional treatment 
at our hospital 

PS2/3/4
and / or

Oral intake is  less than 30% of 
basal energy expenditure 

Discharge to home Transfer to other hospital

Yes No

No Yes

Cured 

Step 1

Step 2

Fig. 1 Decision-making

process of transferring patients

to other hospitals at our hospital
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(4) congestive heart failure; (5) history of myocardial

infarction; (6) prior percutaneous coronary intervention,

previous coronary surgery or history of angina; (7)

hypertension requiring medication; (8) impaired senso-

rium; (9) peripheral vascular disease or rest pain; (10)

history of either transient ischemic attack or cerebrovas-

cular accident; or (11) history of cerebrovascular accident

with neurologic deficit. Patients were assigned 1 point for

each of the above items, and the total points assigned to a

patient were divided by 11. On this scale, a higher score

implied increased frailty [5].

Prognostic nutritional index (PNI)

Serum albumin (Alb) concentration and total lymphocyte

count (LC) of the peripheral blood were measured within

the month before surgery. The PNI was then calculated as

follows: 10 9 Alb concentration ? 0.005 9 total LC [6].

Statistical analysis

Continuous variables are expressed as mean ± standard

deviation. Differences in clinicopathologic characteristics

between patients with mFIHigh and mFILow and the inci-

dence of non-home discharge according to the number of

predictive indicators of non-home discharge were evalu-

ated using the v2 test. The Youden index was calculated

using receiver operating characteristic (ROC) analysis to

determine the optimal cut-offs for mFI in the analysis of

non-home discharge. Univariate and multivariate analyses

were performed to identify predictive factors of non-home

discharge using logistic regression analysis. p\ 0.05 was

considered significant. Stat View (Abacus Concepts, Inc.,

Berkeley, CA, USA) and GraphPad Prism (GraphPad

Software, Inc., La Jolla, CA, USA) software were used for

statistical analyses.

Results

Among 517 patients included in this study, the number of

patients with non-home discharge was 23 (4.4%). Fourteen

patients were transferred to other hospitals for rehabilita-

tion and nine patients for both rehabilitation and nutritional

support. Figure 2 shows the number of patients with non-

home discharge in every 5 years. Non-home discharge was

only observed in patients with GC aged C65.

We next determined whether preoperative nutritional

status, inflammation, and frailty were predictive factors of

non-home discharge in patients with GC aged C65 years.

The PNI, NLR, and mFI were used as representatives of

preoperative nutritional status, inflammation, and frailty,

respectively. ROC curves of PNI, NLR, and mFI were

constructed to predict non-home discharge, and area under

the curve (AUC) values were compared to assess their

discriminatory abilities of non-home discharge (Fig. 3).

Among these three indicators, the AUC of mFI was the

highest, followed by that of PNI, indicating that mFI was

the most useful in predicting non-home discharge in GC

patients who underwent gastrectomy. ROC analysis

revealed that the optimal cut-off value with the Yoden
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Fig. 2 The incidence of non-home discharge in every 5 years
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(a) (b) (c)Fig. 3 ROC curves of mFI (a),

PNI (b), and NLR (c) to predict

non-home discharge in GC

patients aged C65 years
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index was 0.272. Patients were subsequently divided into

mFIHigh (C0.272) and mFILow (\0.272) groups.

Table 1 shows an overview of the patients included in

this study (n = 354). Table 2 shows the comparison of

clinicopathologic characteristics between patients with

mFIHigh and mFILow in those with GC aged C65 years. The

mFIHigh classification was significantly more frequent in

patients aged C75 years, those who underwent either total

or proximal partial gastrectomy, those who underwent

limited lymph node dissection, and those with non-home

discharge than in patients aged \75 years (p = 0.0002),

those who underwent distal partial gastrectomy

(p = 0.032), those who underwent standard lymph node

dissection (p = 0.036), and those without non-home dis-

charge (p = 0.0071).

We then performed a univariate analysis of clinico-

pathologic characteristics to identify the predictive factors

of non-home discharge and found that solitude, age, type of

gastrectomy, approach, depth of invasion, and postopera-

tive complications were predictive indicators of non-home

discharge in patients with GC aged C65 years (Table 3).

Because of the limited number of patients with non-home

discharge, three indicators with high hazard ratios,

including mFI, postoperative complications, and surgical

approach, were selected among six predictive indicators

associated with non-home discharge by univariate analysis.

We then performed a multivariate analysis of those three

indicators and found that mFI was an independent predic-

tive indicator of non-home discharge, along with postop-

erative complications and surgical approach, in patients

with GC aged C65 years (Table 3).

Figure 4 shows the ROC curves of the number of pre-

dictive indicators (mFI, postoperative complications, and

surgical approach) to predict non-home discharge in GC

patients aged C65 years. The AUC of the number of pre-

dictive indicators is 0.77, which is higher than that of mFI

alone, indicating that the number of predictive indicators

was more useful in predicting the non-home discharge than

mFI alone in GC patients aged C65 years. In fact, there

was a statistically significant correlation between the

increased number of predictive indicators and the increased

incidence of non-home discharge (Fig. 5; p\ 0.0001).

Discussion

In the present study, we observed no cases of non-home

discharge in patients aged \65 years. Furthermore, the

incidence of non-home discharge increased with age and

was more frequent in patients aged C65 years. As the

functional reserve of various organs is often compromised

with age, surgical procedures are likely to affect non-home

discharge in elderly patients with GC. The incidence of GC

among the elderly has increased in Japan due to the

extended life span of the general population. Indeed,

Kitamura et al. [7] reported that GC increased in patients

aged C70 years, despite a plateau in the total number of

patients with GC. Therefore, the incidence of non-home

discharge is expected to increase after gastrectomy for GC.

Physical health status differs substantially between

elderly and non-elderly patients; as such, other useful

indicators are required to predict non-home discharge after

gastrectomy for GC. We determined the usefulness of

Table 1 Overview of patients aged 65 and more included in this

study (n = 354)

Number of patients (%)

Gender

Male 263 74.3

Female 91 25.7

Age

\75 175 49.4

C75 179 50.6

BMI

\25 293 82.8

C25 61 17.2

Solitude

Absent 313 88.4

Present 41 11.6

Depth of invasiona

Early (T1) 198 55.9

Advanced (T2/T3/T4) 156 44.1

Gastrectomyb

DG 221 62.4

TG/PG 133 37.6

Surgical approach

Laparoscopy 241 68.1

Open 113 31.9

Lymphadenectomyc

D0/D1/D1? 226 63.8

D2 128 36.2

Postoperative complicationd

Absent 305 86.2

Present 49 13.8

aDepth of invasion: T1, tumor invasion of the lamina propria or

submucosa; T2, tumor invasion of the muscularis propria; T3, tumor

invasion of the subserosa; T4, tumor penetration of the serosa or

tumor invasion of adjacent organs
bDG, distal partial gastrectomy; TG, total gastrectomy; PG, proximal

partial gastrectomy based on Japanese gastric cancer treatment

guidelines 2018 (ver. 5)
cThe extent of lymphadenectomy is defined according to the type of

gastrectomy
dGrade III and more according to Clavien-Dindo classification
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NLR, PNI, and mFI as predictive indicators for non-home

discharge and found that mFI was the most useful. Frailty,

a state characterized by a decreased physiological reserve,

has been identified as an important metric with which to

measure and assess preoperative risk [8–11]. Recent stud-

ies have shown that frailty is associated with poor surgical

outcomes [12–14]. Furthermore, the association of frailty

with non-home discharge has been reported in cardiac [13],

trauma [15], and oncologic surgery [14, 16]. However, the

correlation between frailty and non-home discharge in

patients who underwent gastrectomy for GC remains

unclear. Traditionally, frailty is measured by combining a

patient’s medical history, physical examination findings,

and physical and functional status. However, these pro-

posed composite measures are both time-consuming and

subjective. Therefore, we used mFI, based on the accu-

mulation of 11 physiological deficits, as an indicator of

frailty in this study. Because these items are easily iden-

tifiable during patient encounters, mFI is less complex

compared to other indicators such as the Physiological and

Operative Scoring System for enumeration of Morbidity

and Mortality, Estimation of Physiologic Ability and Sur-

gical Stress scoring system, American College of Surgeons

National Surgical Quality Improvement Program risk cal-

culator, and comprehensive geriatric assessment [17–22].

The mFI has been found to be a predictive indicator of

postoperative short-term outcomes in patients undergoing

abdominal, vascular, and head and neck surgery thus far

[17, 23–25]. In this study, multivariate analysis revealed

that mFI was an independent predictive factor in predicting

Table 2 The correlation between modified frailty index (FI) and clinicopathplogic characteristicus

mFILow (n = 319) mFIHigh (n = 35) p value

Gender

Male 235 (73.7%) 28 (80.0%) 0.42

Female 84 (26.3%) 7 (20.0%)

Age

\75 168 (52.7%) 7 (20.0%) 0.0002

C75 151 (47.3%) 28 (80.0%)

BMI

\25 kg/m2 266 (83.4%) 27 (77.1%) 0.35

C25 kg/m2 53 (16.6%) 8 (22.9%)

Solitude

Absent 282 (88.4%) 31 (88.6%) 0.98

Present 37 (11.6%) 4 (11.4%)

Depth of invasion

Early (T1) 178 (55.8%) 20 (57.1%) 0.88

Advanced (T2/T3/T4) 141 (44.2%) 15 (42.9%)

Gastrectomy

DG 205 (64.3%) 16 (45.7%) 0.032

TG/PG 114 (35.7%) 19 (54.3%)

Surgical approach

Laparoscopy 219 (68.7%) 22 (62.9%) 0.49

Open 100 (31.3%) 13 (37.1%)

Lymphadenectomy

Limited 198 (62.1%) 28 (80.0%) 0.036

Standard 121 (37.9%) 7 (20.0%)

Complication

Absent 275 (86.2%) 30 (85.7%) 0.94

Present 44 (13.8%) 5 (14.3%)

Non-home discharge

Absent 302 (94.7%) 29 (82.9%) 0.0071

Present 17 (5.3%) 6 (17.1%)

See Table 1 for the details of depth of invasion, type of gastrectomy, the extent of lymphadenectomy, and postoperative complication
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non-home discharge after gastrectomy for GC. Because

mFI can be calculated easily by evaluating the 11 items

mentioned above, it is both convenient and useful in pre-

dicting non-home discharge in patients with GC aged

C65 years.

Postoperative complication was also identified as a risk

factor for non-home discharge in this study. A longer fast

and hospital stay are often required in patients with post-

operative complications. Therefore, it is likely that

postoperative complications worsen the nutritional status

and decreases the activity of patients, which can lead to an

increased recovery time and non-home discharge.

Kitano et al. [26] first used laparoscopy-assisted distal

gastrectomy (LG) to treat early-stage GC in 1991. LG has

been associated with a lower intraoperative bleeding vol-

ume, less pain, and an earlier recovery of bowel function

[27–29]. Because these benefits lead to an earlier recovery

from surgery, LG has been widely adopted, especially in

Japan. Japanese GC treatment guidelines recommend both

LG and open distal gastrectomy to treat clinical stage I GC

[2]. Furthermore, a recent study demonstrated that LG was

feasible for advanced GC treatment, based on the non-

compliance rate of D2 lymph node dissection [30].

Therefore, the number of patients who undergo LG is likely

to increase. Because LG is less invasive than open gas-

trectomy, it is considered to be associated with a low

incidence of non-home discharge. In fact, we demonstrated

that surgical approach was an independent predictive

indicator of non-home discharge in this study.

Our data clearly demonstrated that there was a statisti-

cally significant correlation between the increased number

of predictive indicators and increased incidence of non-

home discharge. Consequently, three items shown as

Table 3 Univariate and multivariate analysis of factors associated with non-home discharge

Univariate analysis Multivariate analysis

p HR 95% CI p OR 95% CI

Gender

Female 0.31 1.594 0.652–3.894

Age

]75 0.026 2.956 1.137–7.684

BMI

]25 kg/m2 0.98 1.012 0.332–3.088

Solitude

Present 0.031 2.985 1.104–8.07

Depth of invasion

Advanced 0.04 2.527 1.042–6.124

Gastrectomy

TG/PG 0.021 2.771 1.164–6.595

Surgical approach

Open 0.0036 3.645 1.527–8.7 0.0041 3.692 1.515–8.999

Lymph node dissection

D0/D1/D1? 0.3 1.654 0.635–4.307

Postoperative complication

Present 0.022 3.01 1.17–7.748 0.019 3.212 1.208–8.543

Modified frailty index

High 0.0021 4.556 1.733–11.98 0.0096 3.954 1.397–11.195

See Table 1 for the details of depth of invasion, the type of gastrectomy, the extent of lymphadenectomy, and postoperative complication

The underlined values show statistical significance by multivariate analysis

AUC=0.77
p<0.0001

Fig. 4 ROC curves of the number of predictive indicators, includ-

ing mFI, postoperative complications, and surgical approach, to

predict non-home discharge in GC patients aged C65 years
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independent predictive indicator of non-home discharge in

this study, including mFI, postoperative complications, and

surgical approach, may help surgeons to prepare a more

efficient discharge plan with a better utilization of hospital

resources. Moreover, this information can facilitate coun-

seling of patients preoperatively and early postoperatively

regarding the potential discharge disposition, setting real-

istic expectations that are essential for the satisfaction of

patients and their family.

The present study had some limitations. First, its retro-

spective design was associated with some bias. Second,

only a small number of patients were included, and a larger

trial is required to confirm our results. Third, all patients

included in this study were Japanese. Because insurance

systems are different for each country, the indication for

non-home discharge might also be different for each

country; this is likely to affect the predictive factors of non-

home discharge.

In conclusion, we demonstrated that the combination of

age, mFI, postoperative complication, and surgical

approach was useful in predicting non-home discharge in

GC patients aged C65 years who underwent gastrectomy

for GC. These three items can allow surgeons to prepare a

more efficient discharge plan and facilitate preoperative

and early postoperative counseling of patients regarding

the potential discharge disposition and allow realistic

expectations to be set.
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