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Abstract

Background: Gastric cancer is often comorbid with hypertension and diabetes mellitus and increases the mortality
risk.

Materials and methods: \We conducted this prospective cohort study to investigate antidiabetics and antihyperten-
sives'impact on gastric cancer survival. 3012 patients with gastric carcinoma undergoing radical gastrectomy were
enrolled since January 2000 and followed up until July 2020.

Results: Hypertension and diabetes patients had worse survival than patients without hypertension and diabetes
[median survival time (MST): 48 versus 112.5 months, p<0.001 for hypertension, MST: 32.7 versus 183+ months,
p<0.001 for diabetes]. Compared to untreated patients, treated patients had better survival (MST: 109.7 months
versus 39.1 months, p<0.001 for antihypertensives, MST: 120.9 months versus 22.3 months, p<0.001 for antidiabetics).
Antihypertensives and antidiabetics were related to 42% (HR 0.58, 95% Cl 0.47-0.73, p <0.001) and 70% (HR 0.30, 95%
(1 0.24-0.38, p<0.001) reduced mortality risk relative to those without medications. metformin and Calcium channel
blockers can better-improved prognosis compared to others (p=0.00029 and p=0.015).

Conclusion: Post-surgical gastric cancer patients could benefit substantially from anti-diabetes and antihypertensive
therapy. Metformin and Calcium channel blockers may be superior to other medications.
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Introduction of gastric carcinoma, the prognosis of gastric cancer

Gastric carcinoma (GC) is the fifth most prevalent can-
cer and the third leading cause of cancer death worldwide
[1, 2]. Particularly in China, which accounts for nearly
half of the global incidence and cancer-related deaths
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remains unfavorable [2, 3]. Consequently, finding rational
and practical strategies to reduce mortality risk and pro-
long survival is strongly required.

Hypertension (HT) and diabetes mellitus (DM) are
the most common comorbidities of GC [4, 5]. Moreover,
the impact of HT and DM on cancer prognosis has been
extensively studied [6]. Meta-analysis revealed that DM
doubles the mortality risk of GC patients, and HT sig-
nificantly increases overall mortality and cancer-related
mortality [7, 8]. Likewise, our previous reports suggested
that hyperglycemia and elevated blood pressure were
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significant predictive figures for mortality of GC patients
[9].

Nevertheless, the impact of antihypertensive and anti-
diabetic medication on GC prognosis remains contro-
versial. Cohort studies suggested that metformin was
related to a lower recurrence and higher survival rate of
GC [10, 11]. Parallelly, a recent study suggested that vera-
pamil improved the overall survival of late-stage gastric
patients under chemotherapy [12]. Conversely, several
cohort studies found no extra benefit from antidiabetic
therapy on cancer survival [13, 14].

We explored the long-term antihypertensive and anti-
diabetic therapy efficacy on GC patients’ prognosis
through the detabase of the Fujian prospective investiga-
tion of cancer (FIESTA) study.

Materials and methods

The FIESTA study

The FIESTA study is a long-term prospective study to
assess risk factors for death in patients with common
gastrointestinal cancers (including esophagus, stomach,
and colon) undergoing surgery [9, 15-17].

Inclusion and exclusion criteria

Since January 2000, patients with gastric carcinoma who
underwent radical gastrectomy were recruited from the
Department of Thoracic Surgery, Fujian Provincial Can-
cer Hospital. The most recent follow-up was in July 2020.
Non-Han Chinese population and patients with previ-
ous radical gastrectomy, preoperative chemotherapy, or
radiotherapy were excluded. Only participants who were
followed up for more than one month and with complete
data on HT or DM were analyzed.

Patient characteristics and diagnosis

Participants completed a self-designed questionnaire
containing age, gender, tobacco and alcohol histories, and
family history of tumors. Certified examiners measured
blood pressure by mercury sphygmomanometers three
times every 5 min. After fasting for 8—12 h, patients’
venous blood samples were collected before surgery to
examine blood routine tests, blood glucose, blood lipids,
and other biochemical indicators according to a stand-
ard procedure. During surgery, participants’ cancerous
and normal gastric tissue samples were taken to evaluate
the pathological characteristics of the tissue. Antihyper-
tensive and antidiabetic medication use were according
to self-report during the follow-up. Antihypertensives
were classified as calcium channel blockers (CCB), angi-
otensin-converting enzyme inhibitors (ACEI), angio-
tensin receptor blocker (ARB), diuretics, beta-receptor
antagonists (B-blocker), and unclear. Antidiabetics were
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classified as metformin, sulfonylurea, glucosidase inhibi-
tor, insulin, and unclear.

Diagnose of HT and DM were based on physical
examination and venous blood test preoperative and
during the follow-up. HT was defined as systolic blood
pressure >140 mmHg and/or diastolic blood pres-
sure >90 mmHg, antihypertensive medication use, or
former medication records. DM was defined as fasting
plasma glucose>7.0 mmol/L, positive OGTT test (2 h
glucose >11.1 mmol/L), antidiabetic medication use, or
former medication records. GC was diagnosed through
pathological examination.

Follow-up and outcome assessments

The annually follow-up assessment of GC patients,
mainly through outpatient check-ups, telephone, or
postal mails. We acquired death dates through fam-
ily members or medical reports. The primary outcome
was overall mortality. Survival time was calculated from
the date of receiving radical resection until death or last
follow-up.

Statistical analysis

Baseline characteristics were compared by chi-square
test for Categorical/dichotomic variables and ANOVA
or Kruskal-Wallis test for continuous variables. Kaplan—
Meier curves and Log-rank tests were used to present
and test the differences in cumulative survival rates. The
effect of antihypertensive and antidiabetic medication on
mortality risk was applied by Cox proportional hazards
regression. Risk prediction assessment was expressed
by hazard ratio (HR) and 95% confidence interval (95%
CI). All statistical analyses were done by the STATA 16.0
(StataCorp, College Station, TX, USA) and R 4.1.1.

Results

Baseline characteristics

A total of 3012 participants have completed the follow-
up ranging from 1.1 months to 183.3 months (median:
44.05 months). Baseline characteristics are summarized
in Tables 1 and 2 (additional comparisons between base-
line characteristics are in Additional file 1: Table S1 and
Table S2). Among them, 312 and 497 patients had treated
and untreated hypertension. Meanwhile, 243 and 733
patients had treated and untreated diabetes. Patients
without HT and DM were significantly younger and
with lower blood pressure, fasting plasma glucose (FPG),
blood lipids, and body mass index (BMI) than hyperten-
sive and diabetic patients. Plus, untreated HT patients
have higher systolic blood pressure, and untreated DM
patients have significantly higher systolic blood pres-
sure and FPG than treated patients. Besides that, the
untreated DM group had more stage IV and underwent
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Table 1 Baseline characteristics of gastric cancer patients per hypertension and medications
Characteristics no HT Treated HT Untreated HT P
Number 2203 312 497
Age (year) 56.92 (11.31) 64.51(9.2) 61.50 (10.46) <0.001
Male (N%) 1636 (74.26%) 230 (73.71%) 373 (75.05%) 0.904
Smoking (N %) 409 (20.70%) 63 (20.25%) 84 (16.90%) 0.158
Alcohol (N %) 118 (5.98%) 20 (6.43%) 30 (6.03%) 0.955
Family history (N %) 178 (9.03%) 36 (11.61%) 44 (8.85%) 0.324
BMI (kg/mz) 2244 (2.98) 2433 (3.13) 23.35(3.03) <0.001
CCB (N%) NA 149 (50.96%) NA
ACEI/ARB (N%) NA 52 (16.67%) NA
Diuretic (N%) NA 7 (2.24%) NA
b-blocker (N%) NA 15 (4.81%) NA
Unclear (N%) NA 116 (37.18%) NA
SBP (mmHg) 115.11 (12.06) 1443 (13.63) 152.35 (14.46) <0.001
DBP (mmHg) 72.55 (8.63) 88.16 (9.04) 88.58 (10.43) <0.001
FPG (mmol/L) 5.93(2.27) 6.9 (2.63) 6.83 (2.86) <0.001
TG (mmol/L) 1.17 (0.87) 1.32(0.85) 1.31(0.95) <0.001
TC (mmol/L) 4.46 (1.04) 469 (1.1) 4.67 (1.14) <0.001
HDL (mmol/L) 1.05 (0.40) 1.02 (0.37) 1.01(0.37) 0.011
LDL (mmol/L) 2.92 (0.90) 3.16 (0.9) 3.11(0.97) <0.001
TNM stage (N%) 0.052
I 248 (12.18%) 39 (12.50%) 57 (11.52%)
Il 308 (15.13%) 53 (16.99%) 63 (12.73%)
Il 1167 (57.32%) 178 (57.05%) 271 (51.75%)
v 313 (15.37%) 42 (13.46%) 104 (21.01%)
Pathological type (N%) 0.696
adenocarcinoma 1519 (76.87%) 243 (78.90%) 385 (78.09%)
signet-ring cell 424 (21.46%) 58 (18.83%) 100 (20.28%)
neuroendocrine 16 (0.81%) 3(0.97%) 6 (1.22%)
Other 17 (0.86%) 4 (1.30%) 2 (0.41%)
Differentiated 0.682
High 22 (1.11%) 6 (1.95%) 6 (1.22%)
Middle 745 (37.72%) 121 (39.29%) 180 (36.51%)
Low 1208 (61.16%) 181 (58.77%) 307 (62.27%)
Chemotherapy (N %) 700 (31.77%) 101 (32.4%) 151 (30.4%) 0.792
Chemotherapy courses (N) 3.67(24) 332(2.3) 340(23) 0.161

Data are represented as mean (standard deviation) or count (percentage%)

Chi-square test for Categorical variables and ANOVA or Kruskal-Wallis test when nonparametric for continuous variables were used

HT, hypertension; DM, diabetes mellitus; Alcohol: alcohol use history; Smoking: tobacco use history; Family history, Family history of cancer; BMI, Body mass index;
CCB: calcium channel blockers, ACEl: angiotensin-converting enzyme inhibitors, ARB: angiotensin receptor blocker, B-blocker: beta-receptor antagonists; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; TG, Triglyceride; TC, Total Cholesterol; LDL, Low-density Lipoprotein; HDL, High-density

Lipoprotein

chemotherapy patients than the other two groups. No
other characteristic significance was found across the
three groups.

Survival comparison

The comparison of cumulative overall survival rates
across groups was provided in Fig. 1. Not unexpect-
edly, patients with DM and HT had remarkably poorer

survival duration than non-hypertension and non-dia-
betic patients (MST: 48 versus 112.5 months, Log-rank
test p<0.001 for HT, MST: 32.7 versus 183+ months,
p<0.001 for DM).

Moreover, antihypertensive and antidiabetic thera-
pies were significantly associated with improved prog-
nosis and prolonged survival time (MST: 109.7 versus
39.1 months, p<0.001 for antihypertensive, MST: 120.9
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Table 2 Baseline characteristics of gastric cancer patients per diabetes mellitus and medications
Characteristics no DM Treated DM ( Untreated DM P
Number 2036 243 733
Age (year) 57.95(11.26) 6143 (10) 59.19 (11.54) <0.001
Male (N%) 1551 (76.18%) 179 (73.66%) 509 (69.44%) 0.002
Smoking (N %) 381 (21.12%) 44 (18.11%) 131 (17.90%) 0.137
Alcohol (N %) 120 (6.66%) 19 (7.82%) 29 (3.96%) 0.017
Family history (N %) 178 (9.87%) 26 (10.70%) 54 (7.39%) 0.109
BMI (kg/m?2) 2243 (2.86) 24.02 (3.4) 2335(3.28) <0.001
Metformin (N %) NA 170 (69.96%) NA
Sulfonylurea (N %) NA 54 (22.22%) NA
Glucosidase inhibitor (N %) NA 4 (1.65%) NA
Insulin (N %) NA 5 (2.06%) NA
Unclear (N %) NA 22 (9.05%) NA
SBP (mmHq) 12246 (18.65) 12649 (19.61) 133.65 (21.77) <0.001
DBP (mmHg) 76.51(11.16) 77.92 (11.47) 7842 (12.94) 0.001
FPG (mmol/L) 4.87 (0.74) 849 (2.61) 9.15(2.67) <0.001
TG (mmol/L) 1.09 (0.71) 1.55(1.27) 1.37 (1.05) <0.001
TC (mmol/L) 449 (1) 4.59 (1.03) 457 (1.24) <0.001
HDL (mmol/L) 1.1 (0.35) 0.92 (0.34) 0.93 (0.47) 0.011
LDL (mmol/L) 2.95(0.88) 2.99 (0.92) 3.04(1.02) 0.293
TNM stage (N%) <0.001

I 280 (14.97%) 30 (12.35%) 34 (4.66%)

I 314 (16.78%) 38 (15.64%) 72 (9.88%)

Il 1048 (56.01%) 146 (60.08%) 422 (57.89%)

v 229 (12.24%) 29 (11.93%) 201 (27.57%)
Pathological type (N%) 0.252

Adenocarcinoma 1426 (78.74%) 181 (74.79%) 540 (74.59%)

Signet-ring cell 357 (19.71%) 54 (22.31%) 171 (23.62%)

Neuroendocrine 14 (0.77%) 4 (1.65%) 7 (0.97%)

Other 14(0.77%) 3(1.24%) 6 (0.83%)
Differentiated <0.001

High 25 (1.38%) 3(1.24%) 6 (0.83%)

Middle 734 (40.55%) 90 (37.19%) 222 (30.66%)

Low 1051 (58.07%) 149 (61.57%) 496 (68.51%)
Chemotherapy (N %) 608 (29.8%) 101 (32.4%) 151 (30.4%) 0.010
Chemotherapy courses (N) 35114 409 (2.4) 3.61(2.3) 0.078

Data are represented as mean (standard deviation) or count (percentage%)

Chi-square test for Categorical variables and ANOVA or Kruskal-Wallis test when nonparametric for continuous variables were used. HT, hypertension; DM, diabetes
mellitus; Alcohol: alcohol use history; Smoking: tobacco use history; Family history, Family history of cancer; BMI, Body mass index; CCB: calcium channel blockers,
ACELl: angiotensin-converting enzyme inhibitors, ARB: angiotensin receptor blocker, B-blocker: beta-receptor antagonists; SBP, systolic blood pressure; DBP, diastolic
blood pressure; FPG, fasting plasma glucose; TG, Triglyceride; TC, Total Cholesterol; LDL, Low-density Lipoprotein; HDL, High-density Lipoprotein

versus 22.3 months, p <0.001 for antidiabetics). The com-
bined effect of hypoglycemic and antihypertensive on
gastric cancer survival is presented in Additional file 1:
Fig. S1.

Mortality risk estimation
To further explore the effect size of hypoglycemic and
antihypertensive therapy on GC patients’ prognosis.

After the proportional-hazards assumption was satisfied,
overall and stratified Cox regression was conducted to
derive survival estimates (Additional file 1: Fig. S2).

As presented in Figs. 2, 3, and Additional file 1:
Table S3, after adjusting for age, gender, tobacco and
alcohol use history, and family history of tumor, the
overall mortality risk of patients with antihypertensive
and hypoglycemic therapies were lower by 42% (HR
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Survival curve

Kaplan-Meier survival Estimates per HT, DM and their therapy
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0.58, 95% CI 0.47-0.73, p<0.001) and 70% (HR 0.30,
95% CI 0.24-0.38, p <0.001).

In stratified analysis by personal and family history,
only patients without drinking and smoking history and
age more than 50 years reduce significant risk in the
antihypertensive group. By blood routine test and bio-
chemical indicators, only patients with dyslipidemia,
and blood type A/O, white blood cell counts between 4
and 10*1079/L, and platelet under 300*1079/L reduced
significant mortality risks. All stratified groups with
antidiabetic reduced significant risks despite stratifica-
tion of blood routine tests and biochemical indicators,
personal and family history. Noteworthily, gastric can-
cer patients with distant metastasis, tumor size under
4 cm, non-adenocarcinoma type, sited in the gastric
antrum and whole gastric did not receive significant
advantage undertaken antihypertensives. By contrast,
there was significant risk reduction for antidiabetic
therapy in all patients despite TNM stages, tumor sites,
pathological types, and tumor size, except for patients
with T1/T2 stages.

Survival comparison of medications

Figure 4 and Additional file 1: Table S4 represent the
efficacy of each antidiabetic and antihypertensive
medication on cumulative survival rates. After being
stratified by antihypertensives, CCB users had a signifi-
cantly better survival rate after surgery than those who
received other medications: the HR for CCB is 0.33, the
HR for other antihypertensives was 0.71 and the log-
rank test among groups was 0.015. Similarly, after strat-
ification by antidiabetic medications, gastric cancer
patients who received metformin had a better survival
rate than patients who received other antidiabetics: the
HR for metformin is 0.16, the HR for other antidiabet-
ics was 0.78 and the log-rank test among groups were
0.00029. Moreover, in co-existing DM and HT patients,
CCB and metformin better reduced mortality risk
compared to other medications (HR=0.4land 0.18,
respectively).
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variable Groups Deaths/Patient _Forest pllot HR(95%CI) P
Overall Overall 350/635 4 0.58(0.47,0.73)  <0.001
Gender Males 261/478 4 Wi 0.61(048,0.8)  <0.001

Females 89/157 - H- 0.48(0.31,0.75)  0.001
AGE Age<50 25/48 - |—|——| 0.39(0.11,129)  0.122
Age>50 325/587 - 0.59(0.47,0.74)  <0.001
Smoking history Smoking 54/97 . |—|—~—| 0.74(043,129) 0291
Non-Smoking 296/538 - 0.56(0.44,0.72)  <0.001
Drinking history Drinking 1020 A ————— 10603378) 0923
Non-Drinking 340/615 -+ 0.57(0.46,0.72)  <0.001
TNM stage 11 32172 A 0.36(0.16,0.81)  0.014
1111A% 318/463 H i 0.62(0.49,0.78)  <0.001
Invasion depth TI/T2 13/103 A —H—H 0.72(02422) 0563
T3/T4 337/532 - 0.58(0.46,0.73)  <0.001
Local lymph node NO/N1 155/384 . "I" g i 0.49(0.35,0.69) <0.001
N2 162/215 - |—|—| 0.7(0.50.96)  0.029
N3 33/36 — |—|—~—| 0.76(0.37,1.57)  0.457
Distant metastasis Non-metastasis 287/568 - 0.53(0.42,0.69)  <0.001
metastasis 63/67 e s e 123(0.74,2.08) 0417
Location gastric corpus 128/237 - |-|-| é i 0.25(0.15,0.4) <0.001
gastric antrum 791179 4 H— 095061,15) 0837
whole gastric 45/59 - |—|—§—| i 0.74(0.41,1.35)  0.327
Esophagogastric 98/160 - |-|—| § i 0.54(0.36,0.81)  0.003
Pathological type adenocarcinoma 270/502 — |-|-| § i 0.57(0.44,0.73)  <0.001
Non-adenocarcinoma 80/133 1 l—l—‘zl E 0.66(0.41,1.04) 0.079
tumor size <4 39/145 4 0.790.41,1.5) 0471
>4 311/490 ~ W 055043,07)  <0.001
kol embolus 179251 4 0.54(04,074)  <0.001
Non-embolus 171/384 -+ 0.58(042,08)  0.001
differentiate High / Middle 126/257 + HH 0.64(0.44,0.93) 0018
Low 224/378 -+ W 0.56(0.42,0.75)  <0.001
Blood lipids Non-dyslipidemia 35/74 4 0.74(0.37,1.48) 0399
Dyslipidemia 315/561 A 0.57(0.45,0.72)  <0.001
Fasting plasma glucose >7.0mmol/L 172/230 - |‘I‘| ; ; 0.58(0.43,0.8) 0.001
<7.0 mmol/L 177/404 - HH 051(0.37,0.71)  <0.001
Body mass index Normal 237/431 4 0.48(034,0.68)  0.007
Abnormal 176/302 - HHi 0.64(0.47,0.86)  <0.001
ety Vies 104/178 -+ H 0.5(033.076) 0001
No 246/457 - i 0.63(0.48,0.82)  0.001
T T T
0 1 2 3
Fig. 2 Overall and stratified analyses of effect with antihypertension therapy on mortality risk of post-surgical gastric cancer
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Fig. 3 Overall and stratified analyses of effect with antidiabetic therapy on mortality risk of post-surgical gastric cancer
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variable Groups Deaths/Patient Folrest plotl HR(95%CI) P
Overall Overall 483/706 4 0.3(024,038)  <0.001
Gender Males 349/507 ST 03(02304)  <0.001

Females 134/199 ST 0.33(021,0.53)  <0.001
AGE Age<50 69/102 —H— 0.240.09,0.6)  0.006
Age>50 414/604 — 0.3(024,039)  <0.001
Smoking history Smoking 63/87 o 0.24(0.11,048)  <0.001
Non-Smoking 570/799 LN 03(02,038)  <0.001
Drinking history Drinking 9/16 R 0.15(0.03,0.79)  0.025
Non-Drinking 674/690 L 0.31(025,04)  <0.001
TNM stage 1 31/119 4 0.12(0.04,0.39)  <0.001
111A% 452/587 T 0.34(0.27,044)  <0.001
Invasion depth TIT2 11/71 A 037(0.1,143)  0.153
T3/T4 472/635 S 0.33(0.25,041)  <0.001
Local lymph node NO/N1 190/356 - |'|'| ; E 0.26(0.19,0.38)  <0.001
N2 281/233 — 0.39(0.27,0.56)  <0.001
N3 61/69 ~ HH 0.44(0.24,0.81)  0.008
Distant metastasis Non-metastasis 384/600 L 0.29(022,038) <0.001
metastasis 99/106 - HH 049(030.81)  0.006
Location gastric corpus 167/250 1 *|'| i i 0.15(0.09,0.29)  <0.001
gastric antrum 121203 ST 0.3400.22,0.54)  <0.001
whole gastric 82/101 i 0.26(0.14,0.48)  <0.001
Esophagogastric 113/152 - |'|'| i i 0.36(0.24,0.54) <0.001
Pathological type adenocarcinoma 356/531 - |‘|'| ; ; 0.32(0.24,0.42) <0.001
Non-adenocarcinoma  127/175 —tH 0.26(0.16,042)  <0.001
sumor size <4 109/214 1t 029(0.18,0.47) 0014
>4 374/492 L 033(0.25,043)  <0.001
embolus embolus 271/343 LA 0.39(0.29,0.54)  <0.001
Non-embolus 212/363 LR 0.24(0.17,0.36)  <0.001
differentiate High / Middle 1431247 o 0.320.21,049)  <0.001
Low 340/459 o 03(023,041)  <0.001
Blood lipids Non-dyslipidemia 44778 A H— 0.39(0.19,0.8)  0.009
Dyslipidemia 439/628 - 03(023039)  <0.001
Fasting plasma glucose | >7.0mmol/L 127/226 —H— 0.34(0.14,0.83)  0.018
<7.0 mmol/L 355/479 L 0.19(0.13,027)  <0.001
Body mass index Normal 250/356 L 028(0.19,04)  <0.001
Abnormal 233/350 s 0.35(0.25,048)  <0.001
Chemotherapy Yes 160227 o 42(029,0.61)  <0.001
No 323/479 - 0.26(0.19,0.36)  <0.001
| |
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Kaplan-Meier survival Estimates
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Discussion

In this present study, we found that co-existing DM or
HT are related to significant mortality risk in post-sur-
gical gastric cancer patients. Whereas antidiabetic and
antihypertensive therapy can remarkably improve GC
patient outcomes. Our finding supports the needing for
enhanced screening and targeted intervention of HT
and DM in all GC patients.

Numerous epidemiological evidences support that
DM and HT could increase cancer mortality [6, 8, 18].
In supporting our findings, a meta-analysis including
66 studies indicated that HT was associated with a 20%
overall mortality risk and a 12% cancer-specific mortal-
ity risk increased [7]; our findings suggested that anti-
hypertensive intervention can prolong survival time
and reduce overall mortality risk by 42% of GC patients.
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Meta-analysis demonstrated that DM could significantly
increase GC risk and mortality [19]; our results further
revealed that antidiabetic intervention could reduce the
70% mortality risk of GC patients. Antihypertensive and
antidiabetic medication may improve GC prognosis by
several means. First of all, decreased glucose suppresses
tumor growth and metastasis [20, 21]. Additionally,
hypertension and hyperglycemia correlated to more
anti-cancer cardiovascular complications [22, 23]. Fur-
thermore, studies have suggested that antidiabetics and
antihypertensives may increase the efficacy of chemo-
therapy [24].

Another important finding is that metformin and CCB
can better-improved prognosis compared to other medi-
cations. A recent study revealed that metformin could
activate adenosine 5-monophosphate-activated protein
kinase (AMPK) by inhibiting the lysosomal proton pump
vacuolar-type ATPase [25], and the AMPK pathway has
been found to promote apoptosis in tumor cells [26].
Metformin can regulate the expression of programmed
cell death 1 ligand 1 (PD-L1) to enhance the immune
response against cancer [27]. Some scholars support that
metformin can reduce the helicobacter pylori infection to
inhibit gastric cancer invasion and migration [28]. There-
fore, metformin users may obtain more benefits other
than blood glucose reduction. Merely a few studies have
focused on the antitumor effect of CCB. Though, recent
studies have indicated that CCB could specifically repress
voltage-gated Ca+ channels (VGCCs) and other path-
ways to suppress gastric cancer cell growth [29]. Besides
that, observation studies demonstrated that CCB is also
associated with lower risk and better prognosis of cancer
[12, 30]. Nevertheless, Further investigation is awaited.

Several limitations of our study need to be considered.
Foremost, this study spans more than ten years; in the
meantime, profoundly surgical techniques in advance
might introduce a possible bias, which may underesti-
mate the influence of antihypertensives or antidiabet-
ics. Secondly, patients with untreated diabetes tend to
have more progressed tumors, which may overestimate
the impact of antidiabetics. Finally, this study merely
included post-operation patients from a single-center,
which made the finding lack external authenticity among
other gastric patients.

Conclusion

After all, post-surgical gastric cancer patients could ben-
efit substantially from anti-diabetes and antihyperten-
sive therapy. Metformin and Calcium channel blockers
may be superior to other medications in gastric cancer
patients. This study emphasized that supporting screen-
ing programs and pharmacological treatment for diabetes
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mellitus and hypertension is critical to prolonging the
survivorship of gastric cancer patients.
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