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Background: Preoperative high blood glucose levels are closely associated with poor perfor-
mance and high mortality in cancer patients. This study was designed to investigate the relation-
ship between preoperative fasting hyperglycemia and the prognosis of patients with gallbladder
cancer (GBC) after undergoing GBC radical surgery.

Patients and methods: A retrospective analysis of 83 eligible patients who underwent GBC
radical surgery between 2007 and 2016 was performed. Factors affecting overall survival (OS)
and recurrence-free survival (RFS) were analyzed by univariate and multivariate analyses.
Results: Of the 83 patients, 35 (42.2%) had preoperative fasting hyperglycemia. The median
OS of the enrolled patients was 12 months. The median OS in patients with fasting hypergly-
cemia before surgery was 18 months, which was shorter than for patients with normal fasting
blood glucose levels before surgery (47 months, P<0.001). Preoperative fasting hyperglyce-
mia was associated with shorter survival times in univariate analyses (HR, 3.215; 95% CI,
1.846-5.601; P<0.001). Multivariate analysis showed that patients with preoperative fasting
hyperglycemia had a lower OS (HR, 2.832; 95% CI, 1.480-5.418; P=0.002) and RFS (HR,
2.051; 95% CI, 1.127-3.733; P=0.019) than patients with normal preoperative fasting blood
glucose levels.

Conclusion: Preoperative fasting hyperglycemia is an independent indicator of poor prognosis
in GBC patients after GBC radical surgery.
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Introduction

Gallbladder cancer (GBC) is the most common malignant tumor of the biliary tract,
and it accounts for 80%—-95% of biliary cancer cases.! GBC is the fifth most common
malignancy of the gastrointestinal tract, and it accounts for ~1% of all cancers in China.?
The prognosis of GBC is still poor because of atypical symptoms, late diagnosis, single
treatment choices, and lack of effective diagnostic markers.® Currently, the prognosis
of GBC depends mainly on the pathologic detection of cancer tissue and distinguishing
the stage, classification, and pathologic type of cancer to judge the prognosis of the
patients. Epidemiologic studies have reported that the 3- and 5-year survival rates for
patients with this disease are 30% and 5%.* Therefore, given the poor prognosis for
GBC in general, efforts to identify other factors that influence recurrence and patient
survival are needed for this disease.
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The relationship between diabetes and cancers has always
been studied. A pooled analysis of a prospective cohort based
on Asian populations shows that diabetes is closely associ-
ated with increased risk of multiple digestive tract tumors
including esophageal cancer, gastric cancer, colon cancer,
rectal cancer, liver cancer, cholangiocarcinoma, and pancre-
atic cancer.’ Another population-based case—control study
in Shanghai, China, shows that diabetes is a risk factor for
gallbladder cancer independent of body mass index (BMI),
and its effect is mediated in part by biliary stones and serum
high-density lipoprotein levels.® The possible biologic links
between diabetes and cancer are reported to be hyperinsu-
linemia, inflammation, and hyperglycemia.’

Positron emission tomography imaging using 18F-fluoro-
deoxyglucose has shown that tumor cells have higher blood
glucose absorption than normal cells,® and the plasma glucose
levels in cancer patients may be an important prognostic
indicator.’ Park et al found that stomach and lung cancer
patients with a fasting serum glucose level above 126 mg/
dL had higher mortality rates.'® Others have shown that the
median survival period is significantly shorter for gastric
adenocarcinoma patients who are GLUT-1-positive than
for those who are GLUT-1-negative.!' The biologic cause
of these clinical outcomes may be that glycolysis, as a bio-
chemical feature of cancer, is primarily mediated by GLUT-1.
GLUT-1 is a transmembrane transport protein that facilitates
glucose transport into cells, and its expression is increased
in epithelium-derived tumors, such as head and neck cancers
and gastric and colorectal carcinomas.!>!* Regardless of
whether GLUT-1 immunoreactivity was detected in GBC
cases, patients with strong GLUT-1 expression had signifi-
cantly shorter survival times after surgery than patients with
negative or weak expression.'*

Therefore, considering these results, we collected preop-
erative fasting blood glucose levels in patients who underwent
gallbladder cancer surgery and their follow-up survival times.
We hypothesized that preoperative fasting blood glucose
levels are related to the prognosis of GBC and that higher
preoperative blood glucose levels may have greater effects.
Analyzing the prognosis of patients with GBC can improve
the survival rate of patients by targeted improvements to
postoperative patient care.

Patients and methods

This study was a retrospective study conducted in accordance
with the Helsinki Declaration and approved by the Ethics
Committee of the Second Affiliated Hospital of Wenzhou
Medical University. All data were anonymized; therefore,

patient consent was waived by the Ethics Committee of the
Second Affiliated Hospital of Wenzhou Medical Univer-
sity. A total of 105 people were included in the study, and
those without preoperative fasting blood glucose data, with
evidence of other infectious diseases or who were lost to
follow-up were excluded. Clinical data within 30 days before
surgery for 83 of the patients were included. All clinical
information and laboratory parameters were collected from
the patients’ hospital medical records. All patients underwent
radical operation for GBC during 2007-2016 at the Second
Affiliated Hospital, Wenzhou Medical University. All final
diagnoses were confirmed by pathologic examination. It is
recommended that postoperative GBC patients receive cor-
responding adjuvant treatment according to their GBC stage
and performance status. Abdominal computed tomography
and blood indexes should be reviewed every 3 months for the
first year after operation. Once each year, the patients were
contacted by phone, and their recent physical condition was
obtained. The date of follow-up was from the date of surgery
to the date of death or last contact, or the end of September
2018. Overall survival (OS) was defined as the date from the
surgery to the date of death or the last follow-up. Recurrence-
free survival (RFS) was calculated from the date of surgery
until the first relapse or death for any reason, or to the date
of last follow-up.

Clinical information

The following medical data were retrospectively collected
from the patients in the hospital: gender, age, BMI, hemoglo-
bin, serum albumin, neutrophil-to-lymphocyte ratio (NLR),
serum CA 19-9, serum carcinoembryonic antigen (CEA),
pathologic data (tumor differentiation, tumor size, tumor
lymph node metastasis), and TNM staging (The United States
Joint Committee on Cancer [ 7th edition], staging of gallblad-
der cancer). Serum CA 19-9 and CEA levels were detected
by electrochemiluminescence immunoassays (Cobas; Roche
Diagnostics, Germany) performed at the Clinical Labora-
tory Department, Second Affiliated Hospital of Wenzhou
Medical University, China. The normal reference values
according to a previous study are as follows: CEA <5 pg/L,
CA 19-9 <37 U/mL, NLR <2.6." The definition of radical
resection is that the primary tumor is removed together with
the metastatic lymph nodes and the affected tissue. (For the
Tla GBC, we performed a simple cholecystectomy using a
laparotomy or laparoscopic surgery. For the T1b GBC, we
used an extended cholecystectomy. For patients with GBC in
stage T2 or above, we usually perform an extended cholecys-
tectomy. In the extended cholecystectomy, the gallbladder bed
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wedge resection or IVb/V liver resection can be performed
according to the intraoperative condition. The scope of lymph
node dissection should include the cystic duct lymph node,
the common bile duct lymph node, the lymph nodes around
the hepatoduodenal ligament [the hepatic artery and portal
vein lymph nodes], and the posterior superior pancreatico-
duodenal lymph node.) The tumor pathology shows that there
is no tumor tissue at the margin.

Plasma glucose

Fasting plasma glucose (fasting for >8 hours) was determined
from 5 to 6 am on any day before surgery as part of the preop-
erative laboratory tests. Normal fasting blood glucose levels
range from 70 to 99 mg/dL (American Diabetes Association).
Levels starting at 100 mg/dL indicate high blood glucose
levels on an empty stomach, so fasting hyperglycemia is
defined according to this threshold value. Accordingly, the
patients were assigned to the fasting hyperglycemia group and
the normal fasting blood glucose group. Among the fasting
hyperglycemia group, only two patients were diagnosed with
diabetes before enrolment and took insulin daily to control
blood glucose.

Statistical method

For categorical variables, significant differences were
assessed using the chi-squared test or Fisher’s exact test. For
continuous data, the mean difference was compared using the
Mann—Whitney test or independent-sample #-test. Univariate
and multivariate Cox proportional hazard models were used
to test the association between variables and OS. OS was
calculated as the time from the date of surgery to the date of
death from any cause or the last follow-up. Survival curves
were analyzed by the Kaplan—-Meier method and compared
using the log-rank test. A P-value <0.05 was considered
statistically significant. Statistical analyses were performed
using SPSS version 22 (SPSS, Lnc., Chicago, IL, USA).

Results

Table 1 shows the clinical and pathologic features of 83
patients. Of the 83 patients, 35 had preoperative fasting
hyperglycemia (42.2%), most were female (60, 72.2%) and
the average age was 66.1 years (SD =10.4). Gender (P=0.02),
low hemoglobin (P=0.006), high NLR (P<0.001), and
high CEA (P=0.002) were significantly different between
the hyperglycemic patients and the normal blood glucose
patients, which may affect patient preoperative glucose levels.
Regarding tumor characteristics, advanced infiltration depth
T (P=0.001), large tumor size (P=0.002), advanced TNM

stage (P=0.002), and lymph node metastasis (P<0.001) had
great influences in high fasting blood glucose levels. Other
patient-related factors, such as age, serum albumin, BMI,
serum CA 19-9 levels, the presence of stones, and tumor
differentiation, were not associated with preoperative high
blood glucose levels.

Of the 83 patients, 53 died, 4 were lost to follow-up,
and 26 survived. For the OS (P<0.001) (Figure 1) and RFS
(P<0.001) (Figure 2), the prognosis was significantly worse
in patients with high fasting blood glucose levels than in
patients with normal fasting blood glucose levels. Patients
in the normal blood glucose level group had a median OS
time of 47 months (95% CI, 31.69-62.30), and those in the
preoperative fasting hyperglycemia group had a median OS
of 18 months (95% CI, 15.183-20.817). The recurrence rate
during follow-up in this study was 71.1% (59 patients), and
the median disease-free survival in our series was 17 months.
The median RFS was significantly shorter in the hyperglyce-
mic group than in the normal blood glucose group (8 months
and 31 months, respectively; P<0.001).

Table 2 shows the OS-related variables after GBC radical
surgery according to univariate and multivariate Cox propor-
tional hazard models. In the univariate analysis, preoperative
fasting hyperglycemia, invasive depth III + IV, TNM III + 1V,
lymph node metastasis, poor differentiation, serum albumin
levels, NLR >2.6, and CA 19-9 >37 U/mL were correlated
with poor OS. Multivariate analysis identified that serum
albumin (HR, 0.942; 95% CI, 0.895-0.992; P=0.022) and
poor differentiation (HR, 0.233; 95% CI, 0.107-0.508,;
P<0.001) positively affected OS. However, TNM stage 111
+ IV (HR, 8.024; 95% CI, 2.635-24.439; P<0.001) and
hyperglycemia (HR, 2.832; 95% CI, 1.480-5.418; P=0.002)
negatively impacted OS. Table 3 shows a univariate and mul-
tivariate Cox proportional hazard regression model for RFS.
According to the univariate analysis, significant prognostic
factors for RFS were preoperative fasting hyperglycemia,
invasive depth I11 4+ IV, TNM III + IV, lymph node metastasis,
poor differentiation, decreased serum albumin levels, NLR
<2.6, and CA 19-9 >37 U/mL. Multivariate analysis identi-
fied two adverse prognostic factors, high blood glucose levels
(HR, 2.051;95% CI, 1.127-3.733; P=0.019) and TNM III +
IV (HR, 3.140; 95% CI, 1.444-6.828; P=0.004), which affect
RFS. Poor differentiation positively affected RFS (HR, 0.277;
95% CI, 0.137-0.560; P<0.001).

Discussion
GBC is a rare disease that is the most common invasive
tumor in the biliary system.'¢ However, GBC progresses
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Table | Clinical and pathologic characteristics of the 83 study patients

Variables Total (n=83) Higher glucose Normal glucose P-value
levels (n=35) levels (n=48)
Sex (n), male/female 23/60 5/30 18/30 0.020
Age (SD), years 66.1 (10.4) 66.4 (11.3) 65.9 (9.9) 0.829
Median body mass index (kg/m? [IQR]) 22.0 (21.7-22.9) 222 (21.3-23.2) 21.9 (21.4-23.2) 0.923
Hemoglobin mean (SD), g/L 120.35 (19.84) 113.40 (17.66) 125.41 (19.98) 0.006
Serum albumin mean (SD), g/L 36.01 (6.10) 34.97 (6.21) 36.77 (5.97) 0.185
NLR [No. (%)] <0.001
<2.6 43 (51.8) 10 (23.3) 33 (76.7)
>2.6 40 (48.2) 25 (62.5) 15 (37.5)
Serum CA 19-9 level (U/mL) >37 [No. (%)] 0.309
No 41 (494) 15 (36.6) 26 (63.4)
Yes 42 (50.6) 20 (47.6) 22 (52.4)
Serum CEA level (ng/mL) >5 [No. (%)] 0.002
No 54 (65.1) 16 (29.6) 38 (70.4)
Yes 29 (34.9) 19 (65.5) 10 (34.50)
T [No. (%)] 0.001
-1 27 (32.5) 4(14.8) 23 (85.2)
-1v 56 (67.5) 31 (55.4) 25 (44.6)
Gallstones [No. (%)] 0.255
No 44 (53.0) 16 (36.4) 28 (63.6)
Yes 39 (47.0) 19 (48.7) 20 (51.3)
Tumor size (cm) >3 [No. (%)] 0.002
No 40 (48.2) 10 (25.0) 30 (75.0)
Yes 43 (51.8) 25 (58.1) 18 (41.9)
Differentiation of GBC [No. (%)] 0.073
Poor/unknown 55 (66.3) 27 (49.1) 28 (50.9)
Well/moderate 28 (33.7) 8 (28.6) 20 (71.4)
TNM stage [No. (%)] 0.002
-l 27 (32.5) 5(18.5) 22 (81.5)
-1V 56 (67.5) 30 (53.6) 26 (46.4)
Lymph node metastases [No. (%)] <0.001
No 45 (54.2) 10 (22.2) 35(77.8)
Yes 38 (45.8) 25 (65.8) 13 (342)

Note: Variables in bold are statistically significant (P<0.05).

Abbreviations: CEA, carcinoembryonic antigen; GC, gallbladder carcinoma; NLR, neutrophil-to-lymphocyte ratio.

quickly and has few early symptoms.!” Therefore, early
detection and early surgical treatment'® are advocated, but
the prognosis for GBC remains poor. It is, thus, necessary
to find new biomarkers that could be used for GBC prog-
nosis. We found that preoperative fasting hyperglycemia is
a poor predictor of OS and RFS in GBC patients after GBC
radical surgery.

In our study, women with preoperative fasting hyper-
glycemia had a higher prevalence than those with normal
blood glucose levels. However, according to univariate and
multivariate analyses, gender is not an important predictor of
OS difference. There was no correlation between preoperative
fasting hyperglycemia levels and age, BMI, serum albumin
levels, serum CA 19-9 levels, gallstones, or histopathologic
differentiation. Although previous studies have shown that

high preoperative fasting blood glucose levels are associ-
ated with lower serum albumin levels,'® we did not find a
significant correlation between these parameters in our study.
Some studies have also shown that the preoperative BMI
level is associated with hyperglycemia in non-small-cell lung
cancer patients.!” However, our study and Cai et al’s study
confirmed that preoperative fasting hyperglycemia was not
associated with BMI.!® However, our sample size is small,
and the association between high preoperative fasting blood
glucose levels and BMI should be further clarified with a
larger sample size.

Gallstones are the main cause of GBC,?*?! but we did not
find an association between gallbladder stones and overall
OS or RFS in GBC patients undergoing GBC radical surgery.
Preoperative fasting hyperglycemia was a poor predictor of
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Figure | The overall survival rate of GBC patients after GBC radical surgery.

Notes: The Kaplan—Meier curve showed significant differences in the probability of total survival after GBC radical surgery in patients with preoperative fasting hyperglycemia

and preoperative fasting normal blood glucose levels. P<0.001 (log-rank test).
Abbreviation: GC, gallbladder carcinoma.
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Notes: Kaplan—Meier curves show significant differences in RFS probability after GBC radical surgery in patients with preoperative fasting hyperglycemia and preoperative

fasting normal blood glucose levels. P<0.001 (log-rank test).
Abbreviations: GC, gallbladder carcinoma; RFS, recurrence-free survival.

overall OS and RFS in GBC patients who underwent GBC
radical surgery. Compared to patients with normal fasting
blood glucose levels before surgery, patients with preopera-
tive fasting hyperglycemia had poorer GBC differentiation
(P=0.005), higher possibilities to present lymph node metas-
tasis (P<0.001), more advanced TNM staging (P=0.002),

lower hemoglobin levels (P=0.006), higher NLR (=2.6;
P<0.001), higher serum CEA levels (P=0.002), greater tis-
sue infiltration (P=0.001), and larger tumor size (P=0.002).
However, in the study by Cai et al,'® hemoglobin levels were
not associated with preoperative fasting hyperglycemia.
The difference between our experiments may be related to
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Table 2 Univariate and multivariate analyses of prognostic factors associated with overall survival

Variables Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value
Age 1.023 (0.996-1.050) 0.094
Sex female 0.857 (0.464—1.585) 0.623
Body mass index 0.979 (0.888-1.080) 0.676
Serum albumin (g/L) 0.930 (0.889-0.972) 0.001 0.942 (0.895-0.992) 0.022
Serum CA 19-9 (U/mL) >37 2.204 (1.526-3.868) 0.006
Serum CEA (ng/mL) >5 1.700 (0.782-2.943) 0.058
Hemoglobin 0.990 (0.977-1.004) 0.155
NLR >2.6 2.126 (1.228-3.280) 0.007
Gallstones 1.513 (0.881-2.598) 0.134
Tumor size >3 cm 1.643 (0.945-2.854) 0.078
TV 2.667 (1.401-5.116) 0.003
Poor differentiation 0.305 (0.155-0.599) 0.001 0.233 (0.107-0.508) <0.001
Lymph node metastases 2.047 (1.182-3.545) 0.011
TNM stage Ill + IV 8.108 (3.203-20.22) <0.001 8.024 (2.635-24.439) <0.001
Hyperglycemia 3.215 (1.846-5.601) <0.001 2.832 (1.480-5.418) 0.002
Note: Variables in bold are statistically significant in multivariate analysis (P<0.05).
Abbreviation: NLR, neutrophil-to-lymphocyte ratio.
Table 3 Univariate and multivariate analyses of prognostic factors associated with RFS
Variables Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value
Age 1.017 (0.992-1.043) 0.180
Sex female 0.709 (0.389-1.292) 0.216
Body mass index 0.976 (0.890-1.070) 0.604
Serum albumin (g/L) 0.933 (0.893-0.975) 0.002
Serum CA 19-9 (U/mL) >37 2414 (1.421-4.101) 0.001
Serum CEA (ng/mL) >5 1.573 (0.919-2.694) 0.099
Hemoglobin 0.998 (0.976-1.001) 0.068
NLR >2.6 2.014 (1.192-3.403) 0.009
Gallstones 1.271 (0.760-2.126) 0.360
Tumor size >3 cm 1.381 (0.825-2.309) 0.219
TV 2.299 (1.274-4.150) 0.006
Poor differentiation 0.297 (0.159-0.556) <0.001 0.277 (0.137-0.560) <0.001
Lymphonodus metastasis 1.829 (1.094-3.057) 0.021
TNM stage Il + IV 4.165 (2.161-8.026) <0.001 3.140 (1.444-6.828) 0.004
Hyperglycemia 2.644 (1.562—4.474) <0.001 2.051 (1.127-3.733) 0.019

Note: Variables in bold are statistically significant in multivariate analysis (P<0.05).
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; RFS, recurrence-free survival.

the lymphoma itself, and a larger sample size is needed for
verification. We found no correlation between the NLR and
the long-term prognosis of gallbladder cancer, which is also
different from Pang et al’s study.'

Glucose is a nutrient required for tumor growth, and the
infinite growth characteristics of tumors have attracted great
interest in the relationship between tumors and glucose.?
Studies have found that diabetes can increase the risk and
mortality of several cancers, such as pancreatic cancer, liver
cancer, and rectal cancer.? Patients with type 2 diabetes often

present with insulin resistance. Many studies have found that
insulin-like growth factor and insulin resistance increase
the prognosis and risk of some cancers.?* At the same time,
diabetic patients have increased cardiovascular risk, delayed
wound healing, increased risk of wound infection, arrhyth-
mia, and delayed gastric emptying caused by neurologic com-
plications, which affect the prognosis.?® Moreover, although
hyperglycemia is a characteristic of metabolic disorders in
diabetic patients,* there are few studies on hyperglycemia
and cancer. Recent studies have found that a high-sugar diet
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is associated with increased cancer cell proliferation,” and
hyperglycemia can synergize with cancer cell proliferation,
migration, invasion, and recurrence.?® For example, in JAR
cells, a choriocarcinoma cell line, the expression of glucose
transporters is altered under hyperglycemic conditions.
Increased glucose uptake and glycolysis rates?>° have been
shown in endometrial and breast tumors, and GLUT1 and
GLUT3 expressions are higher in tumors with low differentia-
tion.?! In addition, decreasing blood glucose levels during the
remission period in gynecologic tumor patients are currently
considered to be related to decreased GLUT1 expression.*
Hyperglycemia is also associated with cell proliferation,
and studies have found that hyperglycemia regulates cyclin-
dependent kinase 2, E2F, cycln A, and the cell cycle.?”
In addition, hyperglycemia is important for cancer cells to
synthesize DNA, RNA, and protein.** The blood glucose
concentration influences endometrial cancer cell prolifera-
tion and is positively correlated with endometrial cancer cell
production,* which is also associated with unrestricted cell
growth due to the dysregulation of apoptosis.* Recently,
some studies have found that hyperglycemia and GBC are
related.* GLUT]1 expression was also found in GBC and was
associated with its prognosis.'* In addition, we found that
miR-139-5p was significantly downregulated in GBC tissue
and predicted poor prognosis. miR-139-5p overexpression
directly inhibits PKM?2 expression and regulates glycolysis.*

It is undeniable that our research has some shortcomings.
For example, our study is a retrospective study, and the num-
ber of patients is not very large. All of the patients included
in the study were Asian, and both diabetes and nondiabetes
patients were included. Thus, we could not avoid the effects
of the diabetes status. However, the patients included in the
study were newly diagnosed patients with preoperative data,
and we excluded pretreated patients. The blood glucose levels
were also calculated using samples collected at 5—6 am after
8 hours of fasting, which reduced the variation caused by eat-
ing and the circadian rhythm effect on glucose metabolism.

Conclusion

This study demonstrates that preoperative fasting hyperglyce-
mia is a reliable and objective indicator of GBC mortality and
recurrence after GBC radical surgery. Preoperative fasting
blood glucose levels can supplement clinical considerations
for decision making in preoperative GBC patients. Further
investigation is needed to better understand the mechanisms
by which blood glucose levels are associated with clinical
outcomes. In the future, we need to prospectively and continu-
ously check the fasting blood glucose levels in the months

and years after surgery to detect the relationships between the
average fasting blood glucose concentration and the survival
time and/or RFS.
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