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Impact of Body Weight Loss on Recurrence After
Curative Gastrectomy for Gastric Cancer
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Abstract. Background: This study was designed to assess
the prognostic role of body weight loss (BWL) after curative
gastrectomy for gastric cancer patients. Patients and
Methods: We analyzed a total of 102 consecutive patients
who underwent curative gastrectomy for stage Il or III
gastric cancer between 2005 and 2011. Postoperative BWL
during the first 6 months in patients was calculated from
their hospital records. Results: Postoperative BWL was
significantly higher in patients with tumours in the upper
stomach, total gastrectomy, or subsequent recurrence. A
postoperative BWL of 12% was the optimal cut-off value,
which was strongly associated with subsequent recurrence.
Patients with a postoperative BWL of 12% or higher did not
have poorer overall survival but did have significantly poorer
disease-free survival than patients with BWL of less than
12%. Cox proportional hazard analyses revealed that a
postoperative BWL of 12% or higher was an independent
prognostic factor of poor disease-free survival. Conclusion:
High BWL after curative gastrectomy is related to recurrence
in patients with gastric cancer.

Gastric cancer is one of the most common causes of death
from cancer worldwide (1). Because of recent advances in
diagnostic techniques, less invasive treatment, and
perioperative management, earlier detection of gastric cancer
has been achieved and mortality and morbidity have
decreased (2-6). Patients with advanced-stage disease,
however, still have a poor prognostic outcome and a high
incidence of recurrence. There is no doubt that tumour-
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related pathological factors, such as lymph node metastasis,
depth of tumour invasion and lymphatic invasion, are
recognized as pivotal prognostic factors. In addition, several
recent studies demonstrated that such factors have a great
influence on the prognosis of gastric cancer based on
inflammation status (7), age and comorbidity (8),
malnutrition (9), and complications (10). As a result of
gastrectomy that hampers food intake, patients with gastric
cancer experience loss of appetite and are predominantly at
risk for body weight loss (BWL) leading to malnutrition.
BWL may be caused by multiple factors. It was reported that
BWL after other cancer surgery had a negative impact on the
prognosis of patients (11). However, only a few studies have
reported on BWL in patients with gastric cancer who
underwent curative surgery (12, 13), and clinicopathological
factors related to BWL and the prognostic effect of BWL in
the patients have not yet been fully elucidated. To clarity this
issue, as well as whether BWL should be proactively treated
after surgery, this study was performed retrospectively from
patients’ hospital records.

Patients and Methods

Study population and treatments. A total of 102 consecutive patients
with pathological stage (pStage) II or III who underwent curative
gastrectomy for gastric cancer at the Division of Digestive Surgery,
Department of Surgery, Kyoto Prefectural University of Medicine,
Japan, between January 2005 and December 2011, and who did not
experience a recurrence for the first 6 months were retrospectively
analysed from their hospital records. We excluded patients in pStage
I because they rarely have recurrences, and patients in pStage IV
because evaluation of the clinical and prognostic effects of
postoperative BWL might be difficult after non-curative resection.

Almost all patients without gastric stenosis took food until dinner
the day before surgery. Curative gastrectomy with lymphadenectomy
was performed based on the Japanese gastric cancer treatment
guidelines (14, 15). Surgical procedures comprised distal
gastrectomy, total gastrectomy, and proximal gastrectomy according
to the preoperative stage and tumour location. Prophylactically, one
or two drainage tubes for subsequent leakage or pancreatic fistulae
were placed for radical gastrectomy. The nasogastric tube was
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removed on postoperative day 1. Oral intake of rice gruel was started
on postoperative day 3 or 4. At the time of discharge, almost all
patients were taking regular food. Postoperative complications were
assessed by Clavien-Dindo classification (16, 17).

Resected specimens were examined and evaluated by
pathologists based on the 14th Japanese Classification of Gastric
Carcinoma (18) and the 7th Tumour-Node-Metastasis classification
(19). All patients were examined in the outpatient clinic, where
abdominal ultrasound, computed tomography, and measurement of
levels of carcinoembryonic antigen and carbohydrate antigen 19-9
were performed every 3 to 6 months after surgery.

Assessment of postoperative BWL. For all patients examined, body
weight, height, body mass index (BMI), and BWL before and 6 months
after surgery were analysed. Postoperative BWL was calculated by the
following formula: BWL (%)=(preoperative BMI—postoperative BMI
at 6 months)/preoperative BMIx100. The body weight of obese patients
was reduced more substantially than was that of patients with normal
BMI after gastrectomy (data not shown) because the total food intake of
obese patients became similar to that of non-obese patients after
surgery. In other words, the preoperative food intake of obese patients
was relatively higher than that of non-obese patients. Therefore, to
examine the clinical effect of critical BWL in patients with a
preoperative BMI of 25 kg/m2 or higher, we modified the formula as
follows: BWL (%)=(25—postoperative BMI at 6 months)/preoperative
BMIx100.

Statistical analysis. The Mann—Whitney U-test was used for
unpaired continuous variables of postoperative BWL. Receiver-
operating characteristic (ROC) curves and the area under the ROC
curve (AUC) were used to assess the feasibility of using
postoperative BWL at 6 months after gastrectomy as a predictive
marker for subsequent recurrence. The Youden index was used to
determine the cut-off value for postoperative BWL (20). The chi-
square test or Fisher’s exact probability test was used for categorical
variables.

For the analysis of overall (OS) and disease-free (DFS) survival
rates, survival curves were estimated using the Kaplan—Meier
method, and statistical differences were examined using the log-rank
test. Univariate and multivariate survival analyses were performed
using the likelihood ratio test of the stratified Cox proportional
hazards model. A value of p<0.05 was considered statistically
significant. All statistical analyses were performed using JMP 10.0
software program (SAS Institute, Cary, NC, USA).

Results

Patients’ characteristics. Surgical procedures comprised of
distal gastrectomy in 55 patients, total gastrectomy in 44, and
proximal gastrectomy in three. D2 or D2+ lymphadenectomy
was performed in 74 patients and DO-1+ lymphadenectomy
was performed in 28 patients, based on the Japanese
guidelines (15). Disease in eight patients was staged as pT1,
in 17 as pT2, in 35 as pT3, and in 42 as pT4. Of 102
patients, disease in 49 was categorized as pStage II, whereas
in 53 patients it was categorized as pStage III. Eight patients
had postoperative complication assessed by the Clavien-
Dindo classification as grade II or higher, and 94 patients
had no complications or Clavien-Dindo grade I complication.
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Table 1. Association between body weight loss (BWL) and

clinicopathological variables.

Variable n=102 BWL (%)  p-Value*
(mean+SD)

Gender

Male 61 11.8+7.99

Female 41 12.4+6.68 0.334
Age (years)

<70 67 10.2+7.24

>70 35 10.5+£7.29 0.435
Tumor location

U 29 12.8+8.75

ML 73 9.31+6.31 0.014
Gastrectomy

Distal/proximal 58 8.09+5.74

Total 44 13.2£7.96  <0.001
Lymph node dissection

<D2 29 8.61+6.10

=D2 73 11.0£7.54 0.073
Preoperative serum albumin (g/dl)

<40 34 10.8+7.00

>4.0 68 10.1£7.37 0.321
Preoperative serum CRP (mg/dl

<0.3 86 11.2+10.3

=03 16 12.2+6.86 0.320
Complication

No 94 10.0+7.26

Yes 8 14.1+£5.81 0.062
Duration of ACT

None 31 9.72+11.1

0-3 Months 11.3x11.0 0.318

3-6 Months 8 14.6+6.36 0.090

>6 Months 59 11.9+6.51 0.081
pT category

pT1-2 25 9.79+6.69

pT3-4 71 10.5+£7.37 0.339
pN category

pN— 14 10.8+8.30

pN+ 88 10.2+7.10 0.396
Recurrence

Negative 63 7.04+7.08

Positive 39 12.4+9.01 0.010

U, Upper stomach; ML, middle and lower stomach; CRP, C-reactive
protein; ACT: adjuvant chemotherapy. Significant p-values (<0.05) are
shown in bold; *Mann-Whitney U-test.

There were 25 patients whose preoperative BMI was 25
kg/m? or higher, and their BWLRs were calculated by the
modified formula.

A total of 71 patients (70%) received adjuvant
chemotherapy, but 31 patients (30%) did not. The duration
of adjuvant chemotherapy was as follows: 0-3 months for
four patients, 3-6 months for eight and 6 months or more for
59 patients. As adjuvant chemotherapy, the following drugs
were administered: S-1 alone to 55 patients, tegafur-uracil to
three patients, tegafur-uracil after S-1 to two patients, 5-
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Figure 1. Curve for tumor recurrence and body weight loss at 6 months
after surgery for patients with stage Il and III gastric cancer. The area
under the curve was 0.634, with a sensitivity of 59.0%, a specificity of
69.8%, and an accuracy of 65.7%.
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fluorouracil after S-1 to one patient, 5-fluorouracil and
cisplatin to one patient, S-1 and paclitaxel to two patients, or
S-1 and cisplatin to seven patients. None of the patients
received adjuvant radiotherapy or chemoradiotherapy. The
mean follow-up period was 44.4 months.

Clinicopathological characteristics and postoperative BWL
after curative gastrectomy in patients with pStage II or II1
gastric cancer. We analyzed the clinicopathological
characteristics of patients and compared their postoperative
BWL (Table I). Patients with tumours in the upper stomach
(p=0.014), total gastrectomy (p<0.001), or subsequent
recurrences (p=0.010) had a significantly higher BWL,
whereas the staging factors, such as depth of invasion and
lymph node metastasis, were not associated with BWLR. A
higher BWL also tended to be observed after D2 or D2+
lymphadenectomy (p=0.073) and be related to the duration
of adjuvant chemotherapy (3-6 months, p=0.090; 6 months
or more, p=0.081) and severe complications after surgery
(»=0.062).

Cut-off value of BWL associated with subsequent recurrence.
To find a cut-off point of BWL that could predict a
subsequent recurrence in patients, we used the AUC with the
Youden index (Figure 1). The value of the AUC was 0.634
and the optimal cut-off point of BWL was observed at 12%
with a sensitivity of 59.0%, a specificity of 69.8%, and an
accuracy of 65.7%.

a 100%

BWL<12%
5-year OS: 68%
= BWL=12%
% 50%- 5-year OS: 55%
o]
p =0.239 Log-rank test
0% X T J T T 1
0 20 40 60
Time after surgery (months)
Number at risk
BWL<12% 60 53 29 14
BWL=12% 42 36 25 13
b 100% BWL<12%

5-year DFS: 67%

BWL=12%
5-year DFS: 44%

p =0.009 Log-rank test

0% T T T T T 1
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Figure 2. Comparisons of Kaplan—Meier curves of five-year overall
survival (0OS) (a) and disease-free survival (DFS) (b) between patients
based on body weight loss (BWL) during the first 6 months after
surgery. The log-rank test was used for statistical analysis. All 102
patients analysed in this study were divided into two groups by BWL:
BWIL=12% (n=42) and BWL<12% (n=60).

Comparison of clinicopathological factors between patients
with and without 12% BWL. We next compared the
clinicopathological features between patients with a BWL of
12% or more and those without (Table II). Long duration of
adjuvant chemotherapy and subsequent recurrence were
significantly associated with BWL of 12% or higher
(p=0.001 and p=0.004, respectively).

Survival outcomes. The OS and DFS curves are represented
in Figure 2. There was no difference in OS between patients
with a postoperative BWL of 12% or higher and those with
a BWL of less than 12% (Figure 2a), whereas those with a
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postoperative BWL of 12% or higher had a significantly
poor DFS (p=0.009). The 5-year DFS rates of patients with
a BWL of 12% or higher and less than 12% was 44% and
67%, respectively (Figure 2b).

Comparison of DFS in patients with gastric cancer after
curative gastrectomy. Univariate and multivariate analysis
using the Cox proportional hazard model demonstrated that
a BWL of 12% or higher was an independent prognostic
factor of poor DFS (hazard ratio=2.69 (95% confidence
interval=1.42-5.21; p=0.002) (Table III).

Discussion

The aim of the study was to assess the prognostic effect of
BWL after gastrectomy in patients with gastric cancer.
Recent studies in some malignant diseases identified that
BWL after esophagectomy (11), after allogenic
hematopoietic stem cell transplantation (21) or during
radiotherapy (22) were reported to have a negative impact on
prognosis. In gastric cancer, however, there exist only a few
reports on poor outcomes associated with BWL. Yu et al.
reported that BWL between 6 and 12 months after surgery
was an independent poor prognostic factor (12). In addition,
Lee et al. revealed that a BWL of more than 30% at
6 months after surgery was significantly associated with an
early recurrence (13). In this study, we recorded a potential
risk of subsequent recurrences associated with BWL even in
the first 6 months after surgery. Moreover, we verified that
the BWL cut-off value of 12%, which is lower than that in a
previous report (13), was crucial for predicting patients with
subsequent recurrence. Our results imply that nutritional
insufficiency at an early stage after surgery and higher BWL
could affect recurrence in patients after curative surgery for
gastric cancer. We, therefore, should reconsider how patients
with BWL should be treated after gastrectomy.

The immune system is highly dependent upon the
adequate availability of nutrients, such as amino acids (23),
specific vitamins, minerals and trace elements (24, 25). BWL
may be closely linked to the deficiency of these nutrients. In
this study, we hypothesized that poor outcomes after curative
gastrectomy might be due to an impaired immune response
as a consequence of BWL in patients with gastric cancer. To
verify this hypothesis, we investigated which clinico-
pathological factors are related to BWL, and whether BWL
is indeed associated with poor outcomes in patients.
Consequently, we clearly demonstrated that BWL during the
first 6 months after surgery is significantly associated with
clinical factors, such as tumour in the upper stomach, total
gastrectomy, and subsequent recurrence. In addition, we
suggest that a postoperative BWL of 12% or higher is an
independent risk factor for subsequent recurrence in patients
with stage II or III gastric cancer.
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Table II. Risk factors associated with recurrence in 102 patients after
curative gastrectony.

Variable (n=102) BWL p-Value*
<12% >12%
n=60 (%) n=42 (%)

Gender

Male 40 (67%) 21 (50%)

Female 20 (33%) 21 (50%) 0.091
Age (years)

<70 35 (58%) 32 (76%)

>70 25 (42%) 10 (24%) 0.058
Tumor location

U 15 (25%) 14 (33%)

ML 45 (75%) 28 (67%) 0.360
Gastrectomy

Distal/proximal 38 (63%) 20 (48%)

Total 22 (37%) 22 (52%) 0.115
Lymph node dissection

<D2 18 (30%) 10 (24%)

=D2 42 (70%) 32 (76%) 0.488
Preoperative serum albumin (g/dl)

<40 20 (33%) 14 (33%)

>4.0 40 (67%) 28 (67%) 1.000
Preoperative serum CRP (mg/dl)

<0.3 50 (83%) 36 (86%)

>0.3 10 (17%) 6 (14%) 0.744
Complication

No 57 (95%) 37 (88%)

Yes 3 (5%) 5 (12%) 0.206
Duration of ACT

None 27 (45%) 4 (10%)

0-3 Months 5 (8%) 3 (7%)

3-6 Months 1 (2%) 3 (7%)

>6 Months 27 (45%) 32 (76%) 0.001
pT category

pT1-T2 14 23%) 11 (26%)

pT3-T4 46 (77%) 31 (74%) 0.742
pN category

pN- 6 (10%) 8 (19%)

pN+ 54 (90%) 34 (81%) 0.195
Recurrence

Negative 44 (73%) 19 (45%)

Positive 16 27%) 23 (55%) 0.004

BWL: Body weight loss at 6 months after surgery; U, upper stomach;
ML, middle and lower stomach; CRP, C-reactive protein; ACT: adjuvant
chemotherapy. Significant p-values (<0.05) are shown in bold; *Chi
square test or Fisher's test.

Patients with gastric cancer are predominantly at-risk for
malnutrition due to loss of appetite, which is a sequelae of
gastrectomy that hampers food intake. Malnutrition is a
sub-acute or chronic state in which a combination of
varying degrees of undernutrition and inflammation leads
to a change in body composition and diminished function
(26). As shown in a previous study related to BWL (27),
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Table III. Univariate and multivariate cox proportional hazards analysis of clinicopathological factors associated with disease-free survival (DFS).

Univariate Multivaliate

Factor n 5-Year DFS (%) HR 95% CI p-Value HR 95% CI p-Value
Gender

Male 61 58.9 1

Female 41 543 1.237 0.678-2.323 0.513 -
Age (years)

<70 67 56.6 1

>70 35 59.9 0.937 0.457-1.810 0.851 -
Tumor location

U 29 39.8 1

ML 73 64.3 0.555 0.294-1.08 0.083 -
Gastrectomy

Distal/proximal 58 61.9 1

Total 44 523 1.241 0.657-2.334 0.502 -
Lymph node dissection

<D2 28 68.5 1

=D2 74 534 1.656 0.799-3.871 0.183 -
Albumin (g/dl)

<40 34 48.5 1

>4.0 68 61.1 0.855 0.447-1.718 0.648 -
CRP (mg/dl)

<0.3 86 57.3 1

=03 16 56.9 0.995 0.375-2.212 0.991 -
Complication

No 94 572 1

Yes 8 62.5 1.031 0.249-2.858 0.96 -
Duration of ACT

None 31 58.6 1

0-3 Months 60.0 1.110 0.247-3.658

3-6 Months 4 50.0 1.347 0.207-5.125

>6 Months 59 57.5 1.058 0.518-2.329 0.986 -
pT category

pT1-2 25 86.3 1 1

pT3-4 71 49.1 4.373 1.577-18.14 0.003 5.226 1.870-21.77 0.001
pN category

pN-— 14 45.0 1

pN+ 88 59.2 0.558 0.269-1.304 0.166 -
BWL

<12% 60 67.2 1 1

=12% 42 43.7 2.299 1.222-4.434 0.010 2.689 1.423-5.207 0.002

HR, Hazard ratio; CI, confidence interval; U, upper stomach; ML, middle and lower stomach; CRP, C-reactive protein; BWL, body weight loss at

6 months after surgery. Significant p-values (<0.05) are shown in bold.

we found that patients with tumours in the upper stomach
or after total gastrectomy had a significantly higher BWL
as a result of functional impairment after gastrectomy,
regardless of the staging factors, such as the depth of
invasion and lymph node metastasis. In addition, as an
inflammatory effect leading to malnutrition, D2 or D2+
lymphadenectomy and severe complications after surgery
tended to lead to a higher BWL. Therefore, these risk
factors could be important in predicting severe
postoperative  BWL and making a decision about
meticulous nutritional support.

How BWL affects tumour recurrence remains unclear.
BWL in patients with cancer is not caused only by
diminished nutrient intake and increased nutrient loss but
also by tumour-induced dysregulation of metabolism (28,
29). Recently, a high BWL after gastrectomy was reported
to be an important factor preventing patients from
continuing with S-1 adjuvant chemotherapy (30). Therefore,
our first hypothesis was that this poor compliance might be
a risk factor for subsequent recurrence. However, in the
present study, we did not find such a correlation. On the
contrary, long duration of adjuvant chemotherapy was an
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independent risk factor for patients with BWL of 12% or
higher. A similar result was also reported by Yamaoka et al.
who found that adjuvant chemotherapy after total
gastrectomy was a risk factor for skeletal muscle loss (31).
The correlation of BWL and skeletal muscle loss is still
unclear, as is whether perioperative nutritional intervention
with sufficient caloric intake can prevent subsequent
recurrence after curative gastrectomy for patients with
gastric cancer. To elucidate these issues, further studies are
warranted.

Our study has limitations because it is retrospective in its
design and based on a single Institution. Therefore, a
prospective study with a large number of patients is needed
to validate issues associated with BWL. In conclusion, our
study clearly demonstrates that a high BWL after curative
gastrectomy contributes to subsequent recurrence in patients
with gastric cancer.
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