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Abstract: Metformin, an antihyperglycemic drug, has been associated with antineoplastic
effects and could potentially improve colorectal cancer prognosis. The association between
metformin and colorectal cancer prognosis has shown conflicting results. This study aims to
define the association between metformin and colorectal cancer prognosis in colorectal
cancer patients in the Brunei population. The study was a retrospective cohort study that
included colorectal cancer patients from The Brunei Cancer Center (TBCC) treated between
July 2014 and July 2019. Kaplan-Meier and multivariate Cox proportional hazard regression
models were used to analyze the data, construct survival curves, and adjust for comorbidities.
Of a total of 112 diabetic patients, 79 patients (70.5%) were on metformin, and 33 patients
(29.5%) were on other antihyperglycemic medications. An association between metformin
use and lower incidence of stage IV colorectal cancer (p = 0.046) was observed, but no
significant difference between the metformin group and the non-metformin group in terms
of survival probability (log rank p = 0.13) was shown. Analysis using multivariate models
showed that metformin reduces the hazard ratio by 31.2%, although this value is statistically
insignificant (HR, 0.688; 95% CI1 0.286 — 1.654; p = 0.403). Among the diabetic colorectal
cancer patients, there was no association between survival and metformin therapy. However,
the association between cancer progression and metformin use requires further investigation,
and high-powered clinical trials are needed to support these findings.
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Good health and well-being

1. Introduction

To date, cancer continues to be one of the major causes of mortality worldwide. It is
expected to be the leading cause of mortality in the 21% century and will be a challenge that
needs to be overcome to increase the life expectancy of the worldwide population. Within
2020, it was estimated that there were more than 1.9 million newly diagnosed colorectal
cancer (CRC) cases and around 930,000 CRC-related deaths [*21. A projection of 3.2 million
new CRC cases and 1.6 million CRC-related deaths has been predicted to occur by 2040 B,
In the context of Brunei Darussalam, CRC carries a heavy burden on the population,
attributing to 18.3% of cancer-related mortality [4l.

Diabetes is associated with an increased risk of CRC 11, This relationship has been
highlighted as one of the potential comorbidities that should be considered and is one of the
shared risk factors (old age, obesity, and inactivity) between the two diseases 124, While
this notion seems likely, a meta-analysis noted that there was still a positive association
between CRC and diabetes, despite controlling for risk factors [>17 Thus, the study
demonstrated that shared risk factors played little to no role in CRC incidence. This
association is more likely because the hormonal and metabolic changes that occur in diabetes
promote the formation of the microenvironment for tumor formation and progression, leading
to a higher probability of developing cancer 1518201 A meta-analysis of the relationship
between diabetes and CRC has elucidated that diabetes further decreases the life expectancy
of those with CRC by about five years, and overall survival is decreased by 18% [?41,

Understanding the link between CRC and diabetes is important because metformin,
the first-line oral drug given to type 2 diabetic patients, has been reported by several studies
to improve the rates of survival as well as reduce the risk for CRC among diabetic patients
[22-271 ' Metformin is an oral hypoglycemic drug that falls into the biguanide family of drugs
and is commonly used in obese type 2 diabetic patients due to its ability to cause weight
loss[?8l. While its mechanism of action has not been fully clarified, it is believed that
metformin accumulates within mitochondria and inhibits complex I of the electron transport
chain. This affects ATP production and causes an increase in the ADP: ATP and AMP: ATP
ratio, which in turn leads to the inhibition of gluconeogenesis due to the inhibition of fructose-
1,6-bisphosphatase. Moreover, Adenosine monophosphate-activated protein kinase (AMPK)
is activated as a result of the increased ratios, and this further impairs the hepatic glucose
production while also increasing the uptake of glucose into adipose and muscle cells through
GLUT-4 channels [252%-31],

In the context of cancer, not only has metformin been shown to improve the survival
outcomes of colorectal cancer, but it has also been associated with the enhancement of other
anticancer medications and chemotherapy 231, These antineoplastic effects of metformin
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are largely due to the inhibition of the mammalian target of the rapamycin complex 1
(mTORC1) pathway as well as the activation of the Liver Kinase B1 (LKB1)-AMPK
pathways®. LKB1 has been identified as one of the kinases that phosphorylates and
activates AMPK following energy stress, and it has been noted that during carcinogenesis,
LKBL1 is inactivated. The activation of this pathway is important, as it controls and inhibits
the mTOR pathway, which comprises two distinct complexes, mTORC1 and mTORC2.
mTORCL1 is the more relevant complex as it regulates the translation of growth factors,
including cyclin D1, hypoxia-inducible factor 1a, and c-myc B35l Thus, the energy stress
brought on by metformin causes the upregulation of the LKB1-AMPK pathway that, in turn,
inhibits the mTORC1 complex. This inhibits processes, including cell growth, angiogenesis,
and the progression of the cell cycle, which affects tumorigenesis [°1,

Several similar studies have been conducted with conflicting results. While most
studies have demonstrated and concluded that metformin has clear impacts on the survival
rates of diabetic colorectal cancer patients, few studies have shown no association between
metformin use and colorectal cancer risk and survival B, However, these studies had their
limitations. For example, in Kowall et al. B8, there was no significant association between
risk and metformin therapy. However, lifestyle variables like smoking and physical activity
were not adjusted for due to a lack of availability of such information, leading to potential
confounding factors 8. Thus, this study aims to provide supporting information and
clarification regarding metformin’s effect on survival outcomes when analyzed against
confounding factors in type 2 diabetic colorectal cancer patients based in Brunei Darussalam.

In this study, we aim to compare survival outcomes between metformin use and
colorectal cancer mortality using the Kaplan-Meier test and multivariate Cox proportional
hazard regression models to eliminate potential confounding.

2. Materials and Methods
2.1. Study Design Population

The study was a retrospective cohort study, whereby data from patient records in The
Brunei Cancer Center (TBCC) were collected and analyzed to determine the relationship
between metformin therapy and mortality.

2.2. Population and Sample

The cases are comprised of colorectal cancer patients who presented to TBCC
between July 2014 and July 2019. Information from all diabetic colorectal cancer patients
was collected and included in this study. Patients without diabetes, patients with histologies
other than colorectal adenocarcinoma, and patients with carcinoma in situ were excluded. All
eligible cases were collected, and there were 480 colorectal cancer patients recorded before
February 2020, of which 114 patients were diabetic. The records of these 114 colorectal
cancer patients were used for analysis.
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2.3. Data Collection

Data collection commenced after receiving approval from the joint committee of the
Institute of Health Sciences Research Ethics Committee and the Ministry of Health Research
Ethics Committee (Ethics reference number: UBD/PAPRSBIHSREC/2019/31). The data
collected includes patient demographics and clinical findings (age and date of diagnosis,
gender, race, smoking status, height, weight, BMI, stage of cancer, metformin usage, other
specific treatments for diabetes and cancer, use of aspirin, HBALc levels, presence of
comorbidities, as well as overall survival status). The treatment and management of diabetes
included the use of medications in the form of gliclazide, sitagliptin, tolbutamide, linagliptin,
and acarbose, and the treatment of cancer was delineated through either surgery,
chemotherapy, or radiotherapy. The survival outcome of patients was determined by the date
of death as recorded in patient files at TBCC. The patient’s survival status was last checked
in February 2020.

A staging calculator (Integrated Cancer Research TNM Cancer Staging Calculator)
was used to generate an overall TNM staging. Comorbidities were numericized using the
Charlson Comorbidity Index (CCI), which takes into consideration factors such as age,
HBAIc levels, history of heart failure, chronic kidney disease, as well as other medical
conditions associated with mortality.

2.4. Data Analysis

Descriptive analyses were conducted for the collected socio-demographic and clinical
data. Comparisons were made between the metformin and non-metformin user groups: Chi-
squared test and Fisher’s exact test for categorical data, and the independent Student’s t-test
for numerical data. Data analysis was done with a particular focus on estimating the effect of
metformin usage on survival statistics. Kaplan-Meier analysis was used to determine whether
metformin usage affects CRC patient survival and a logrank test was used to compare the
generated survival curves. Multivariate Cox proportional hazard regression analysis was
done to determine any factors associated with patient survival. The following factors were
included: metformin usage, age at diagnosis, cancer stage, BMI, and CCL. Assumption
checking for this model was done, including residuals and multicollinearity checking. All
tests were two-sided and a p-value of less than 0.05 indicated significant findings. Data
analysis was performed using the “RStudio Version 1.2.5033” software [“% with the
following packages: survival, survminer, and ggplot2.

3. Results

3.1. Demographic and Clinical Characteristics

Initially, 114 diabetic colorectal cancer patients were identified. Two patients were
excluded due to unavailable and insufficient information, leading to a total of 112
observations. Patient demographics and clinical characteristics based on their metformin
status are summarised in Table 1.
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The predominantly Malay population (79.5%) comprised 79 diabetic patients on
metformin (70.5%) and 33 patients who were on antihyperglycemic medications other than
metformin (29.5%). The mean age of patients was 61 years old, with the youngest patient
being 29 years old and the oldest being 85 years old. The group of patients who were on
metformin therapy was younger than the group of patients who were on other therapies when
comparing the mean age of both groups. The chi-squared test revealed a statistically
significant difference between metformin use and cancer stage (p-value = 0.046), with a
lower proportion of stage IV patients among metformin users when compared with non-
metformin users.

Table 1. Demographics of diabetic colorectal cancer patients by metformin treatment status.

Variable Total Population Metformin Non-Metformin p-value
n (%) n (%) n (%)
Age at diagnosis 61.0 (10.6) f 60.0 (11.0) 63.6(9.1)f 0.101
Age at death 64 (11.3) 62.9 (11.6)* 65.7 (11.0) 0.491
Sex 0.852
Male 60 (53.6%) 41 (51.9%) 19 (57.6%)
Female 52 (46.4%) 38 (48.1%) 14 (42.4%)
Race 0.243
Malay 89 (79.5%) 60 (75.9%) 29 (87.9%)
Chinese 18 (16.1%) 15 (19%) 3(9.1%)
Others 5 (4.4%) 4 (5.1%) 1 (3.0%)
Stage 0.046*
1 13 (10.9%) 7( 9.0%) 6 (15.6%)
2 35 (31.7%) 24 (30.8%) 11 (34.4%)
3 44 (39.1%) 37 (46.2%) 7 (21.9%)
4 20 (18.2%) 11 (14.1%) 9 (28.1%)
Smoking Status 0.057
Smoker 11 (10.3%) 5 (6.7%) 6 (18.8%)
Non-Smoker 88 (82.2%) 66 (88.0%) 22 (68.8%)
Ex-Smoker 8 (7.5%) 4 (5.3%) 4 (12.5%)
Body Mass Index 25.1(4.8)F 255(5.2)F 24.3(3.8)1 0.258
HbA1C 7.3% (1.9%) 7.2% (1.8%) 7.4% (2.1%) 0.566
Cancer treatments
Chemotherapy, Yes 87 (79.1%) 63 (80.8%) 24 (72.7%) 0.499
Radiotherapy, Yes 21 (18.9%) 13 (15.4%) 8 (25.0%) 0.298
Surgery, Yes 63 (56.8%) 46 (59.0%) 17 (51.5%) 0.623

"mean (Standard Deviation), * p < 0.05
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3.2. Use of Metformin and Survival

Among the 112 patients, 80 patients (71.4%) were still alive as of the time of the last
follow-up, while 32 patients (28.6%) were reported to be deceased. The group on metformin
therapy showed better survival statistics compared to the group without metformin. In the
metformin group, there were 60 patients alive (75.9%) and 19 deaths (24.1%), while the non-
metformin group had 20 patients still alive (60.6%) and 13 deaths (39.4%). Figure 1 shows
the survival curves of these two groups. Although not statistically significant (p-value =
0.13), visual inspection shows that the group not on metformin therapy was associated with
a lower chance of survival compared to the group on metformin therapy.

Strata Without Metformin == With Metformin

Survival probability

p=0.13

200 300 400 500 600 700 800 900 1000
Time in days

Figure 1. Overall Survival according to metformin use.

The findings of the multivariate Cox proportional hazards regression model are
summarised in Table 2. Multivariate regression analysis revealed no statistically significant
differences, though we observed a negative association between metformin usage and
survival (adjusted HR, 0.688; 95% CI1 0.286 — 1.654; p = 0.403)
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Table 2. Showing adjusted hazard ratios after considering the comorbidities.

Variable Regression Hazard Ratio p-value
Coefficient (95% CI)

Metformin Used -0.374 0.688 (0.286, 1.653) 0.403

Age at diagnosis 0.006 1.007 (0.994, 0.959) 0.791

Stage

1 0.000 1.000

2 -1.115 0.328 (0.045, 2.407) 0.273

3 0.786 2.196 (0.472, 10.205) 0.316

4 1.509 4.522 (0.607, 33.714) 0.141

BMI -0.253 0.776 (0.467, 1.292) 0.330

Charlson Comorbidity Index - 0.007 0.993 (0.717, 1.374) 0.964
4. Discussion

Overall, the findings of this study showed no significant association between
metformin and all-cause mortality in diabetic colorectal cancer patients, even after adjusting
for confounding factors using multivariate analysis. While the survival curves show that
metformin patients have a higher survival probability compared to those not on metformin,
this association is not statistically significant. These findings are similar to the findings of a
study conducted by McMenamin et al. % which boasted several strengths, including large
sample size, completeness of data allowing more detailed analyses as well as adjustments to
prevent immortal time bias %, Other studies have also shown that metformin is not
associated with colorectal cancer risk and has no impact on disease-free and progression-free
survival #1421,

While there was no significant association between metformin use and mortality in
diabetic colorectal cancer patients, there are multiple aspects of this study that are worth
noting. From Table 1, in terms of cancer stage, the group on metformin therapy appears to
be suffering from more advanced stages of cancer (60.3%) compared to the group not on
metformin therapy (50.0%). Despite this, the survival curves still show that metformin
increases the probability of survival in these patients. The negative association observed in
our study between metformin usage and survival is in line with the study by Paulus et al. [
where they found a significant reduction in the hazard ratio by 13.0%!®l. The fact that this
study was a population study and did not do sampling should also be a factor that should not
be overlooked.

One significant finding, however, was the association between metformin use and the
reduced incidence of metastatic colorectal cancer. This may point towards the notion that
metformin therapy helps to improve prognosis by inhibiting the progression of cancer to a
metastatic state, contrary to the idea that metformin therapy has direct impacts on colorectal
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cancer mortality. Kang et al. 3 researched the anti-metastatic effects of metformin through
repression of IL-6 induced epithelial mesenchymal transition (EMT), demonstrating this
notion. IL-6 is a cytokine that is vital in mediating inflammation and immune responses, as
well as mediating the tumor-promoting effects of inflammation-related conditions by
inducing EMT. EMT, in turn, promotes the migration and invasion of cancer cells and
initiates metastasis. The study found that through genomic data analysis, there is reduced IL-
6 signaling epithelial mesenchymal transitioning 41,

Despite the limitations, there were certain merits in our study that are worth
mentioning. Firstly, due to the availability of extensive and detailed records found in the
national healthcare information system, information about comorbidities was recorded
comprehensively. Within this database, detailed test results reflecting the severity and control
of the diabetes were also easily accessible. This was important as the severity of the diabetes
could well prove to be a potentially strong time-varying confounder. Moreover, the survival
status of all patients was analyzed, and no single patient was lost to follow-up.

Several limitations should also be addressed. Because of the low sample size, it may
not truly mirror the antineoplastic effects of metformin. One further weakness was the failure
to obtain data on the duration of metformin exposure, including metformin dosing, to
determine the dose-response relationship between the drug and the outcome. Moreover, the
findings of this study may have been attributed to immortal time bias as the drug exposure
was not treated as time-dependent. Lastly, this study only examines the impact of metformin
on all-cause mortality and may not be reflective of cancer-related mortality as information
about the specific cause of mortality was not readily available. However, the study was able
to control for the potential confounding by adjusting for glycemic control (HBALc), age,
body mass index, and other comorbidities.

These limitations mean that there are areas in the research field that need to be
improved especially with the advent of deep learning and new signaling pathways 1441, Both
diabetes and CRC are heterogeneous diseases that require comprehensive and holistic
approaches. An area that is worth exploring is the gut microbiome of diabetic or CRC patients
(or dually affected) patients and healthy individuals 6471, The importance of the homeostasis
of the gut microbiome was emphasized (reviewed in Lau et al. &), Diet impacts the gut
microbiota, and gut microbiome modulation has been observed to ameliorate type 2 diabetes
[4950 " Evidence on how the ketogenic diet influences gut microbiome homeostasis and,
therefore, cancer treatment and other diseases has been building B*52. The role of gut
microbiome and utilization of the gut microbiome for the treatment of diseases have to be
studied thoughtfully to enable effective treatments 54,

In line with the modulation of the gut microbiome for the prevention of these diseases,
another area that has been commonly used by the general population is the consumption of
supplements or traditional Chinese medicine or herbal medicine P>%1, It is believed that there
are anticancer potentials in certain supplements or beverages, and evidence on the
effectiveness of these supplements has been collected. Nerolidol, a naturally occurring
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sesquiterpene exuding floral odour, has been utilised in daily products and food.
Interestingly, it is also a promising candidate for agricultural or medicinal use 71, Similarly,
Formononetin, derived from red clovers and a Chinese herb, is a 7-hydroisoflavones that
exerts antitumorigenic effects via cell apoptosis and cell cycle arrest 8, Citrus peel is a
common Eastern snack containing Nobiletin, which is used to prevent CRC *°l. Resveratrol,
found in red wine, possesses antioxidant, anti-inflammatory, and anticancer effects %62, In
addition, probiotics have been found to exert anticancer effects by modulating the gut
microorganisms within the colon-associated biofilms ©3. Similarly, the usage of herbal
medicine for diabetic management has been documented [%41. Therefore, the consumption of
food and herbs is critical for cancer and diabetes treatment and prevention ©5-72, Another
aspect that is frequently looked into is the knowledge and management of diabetes [3-761,

Gene and protein expression of both CRC cells and diabetic cells are crucial in basic
research to determine the biology of cell states. The availability of genes and protein
expression data led to genomics and proteomics data, which aggregate to multi-omics. An
analysis of differential gene expression illustrated the critical genes that are responsible for
lymph node metastasis in papillary thyroid carcinoma '"78l while an example of how the
sequencing results led to deeper insights via multi-omics is carried out by Azman et al. [°],
MicroRNA signatures in CRC have been analyzed based on functional and stage prediction
[80-831  |mmunohistochemistry of tumour samples will aid in the diagnosis of cancer stages
and statuses [#4. Another avenue to be explored is the therapy and treatment avenues, for
example, potential cancer cure via targeting the membrane lipid and potential therapy by
magnetic cellulose nanocrystal emulsions %%, Thus, there are multifaceted areas of cancer
research awaiting to be discovered.

5. Conclusions

Although many studies have tried to demonstrate the antitumor effects of metformin,
the results have not been conclusive, raising unanswered questions about the antineoplastic
effects of metformin. This study adds valuable information, as previous studies have noted
an association between colorectal cancer and diabetes. Moreover, metformin is a relatively
low-risk drug that is affordable. The evidence provided by this study does not support a
significant association between metformin and colorectal cancer mortality. This study has
several limitations, including small sample size, immortal time bias, failure to obtain specific
information on metformin therapy, and all-cause mortality. Given the findings of this study,
further studies are warranted to investigate the association between cancer progression and
metformin usage. Larger powered trials are needed to further assess the impact of metformin
on survival outcomes of colorectal cancer patients.

Author Contributions: YCL, SKL, and RP conceived and designed the study, and supervised the primary

researcher. LLC aided in the analysis and interpretation of data. ABW collected the data. ABW and YCL wrote
the final manuscript. LCM, YCL, and WHC edited the manuscript and all authors approved the final manuscript.

Funding: This work was funded by a Competitive Research Grant of Universiti Brunei Darussalam
UBD/OAVCRI/CRGWG(020)/180101.



PMMB 2023, 6, 1; a0000390 150f15

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial
or financial relationships that could be construed as a potential conflict of interest.

Data Availability Statement: All raw data from this study was available on request.

References

1.

10.

11.

12.

13.

14.

15.

16.

Lye KL, Tan LT-H, Yap H-M. Insight of microRNA role in Colorectal Cancer. Prog Microbes Mol
Biol 2020;3(1): a0000083.

Yunos RI, Ab Mutalib NS, Khor SS, et al. Whole exome sequencing identifies genomic alterations in
proximal and distal colorectal cancer. Prog Microbes Mol Biol 2019; 1(1): a0000036

Morgan E, Arnold M, Gini A, et al. Global burden of colorectal cancer in 2020 and 2040: incidence
and mortality estimates from GLOBOCAN. Gut 2023; 72: 338-344.

Ministry Of Health. Brunei Darussalam Cancer Registry. Brunei Darussalam Cancer Registry 2021.

Paulus JK, Williams CD, Cossor FI et al. Metformin, diabetes, and survival among US veterans with
colorectal cancer. Cancer Epidemiol Biomarkers Prev 2016; 25: 1418-1425.

Wang K, Ma W, Hu Y, et al. Endoscopic Screening and Risk of Colorectal Cancer according to Type
2 Diabetes Status. Cancer Prev Res (Phila) 2022; 15: 847-856.

Erbach M, Mehnert H, Schnell O. Diabetes and the risk for colorectal cancer. J Diabetes Complicat
2012; 26: 50-55.

Agache A, Mustitea P, Mihalache O, et al. Diabetes Mellitus as a Risk-factor for Colorectal Cancer
Literature Review - Current Situation and Future Perspectives. Chirurgia (Bucur) 2018; 113: 603-610.

Murphy N, Song M, Papadimitriou N, et al. Associations between Glycemic Traits and Colorectal
Cancer: A Mendelian Randomization Analysis. J Natl Cancer Inst 2022; 114: 740-752.

Yu GH, Li SF, Wei R, et al. Diabetes and Colorectal Cancer Risk: Clinical and Therapeutic
Implications. J Diabetes Res 2022; 2022: 1747326.

Suh S, Kim KW. Diabetes and cancer: is diabetes causally related to cancer? Diabetes Metab J 2011;
35:193-198.

Yuhara H, Steinmaus C, Cohen SE, et al. Is diabetes mellitus an independent risk factor for colon
cancer and rectal cancer? Am J Gastroenterol 2011; 106: 1911.

Sun L, Yu S. Diabetes mellitus is an independent risk factor for colorectal cancer. Dig Dis Sci 2012;
57: 1586-1597.

Yee YK, Tan VP, Chan P, et al. Epidemiology of colorectal cancer in Asia. J Gastroenterol Hepatol
2009; 24: 1810-1816.

Singh RK, Shrinet K, Tripathi A, et al. Risk established between type Il diabetes mellitus and cancer:
A review. J Sci Res 2019; 63: 69-77.

Qiang JK, Sutradhar R, Giannakeas V, et al. Impact of diabetes on colorectal cancer stage and
mortality risk: a population-based cohort study. Diabetologia 2020; 63: 944-953.



PMMB 2023, 6, 1; a0000390 150f15

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Singh S, Singh H, Singh PP, et al. Antidiabetic medications and the risk of colorectal cancer in patients
with diabetes mellitus: a systematic review and meta-analysis. Cancer Epidemiol Biomarkers Prev
2013; 22: 2258-2268.

Melia F, Udomjarumanee P, Zinovkin D, et al. Pro-tumorigenic role of type 2 diabetes-induced cellular
senescence in colorectal cancer. Front Oncol 2022; 12: 975644.

Kim DS, Scherer PE. Obesity, Diabetes, and Increased Cancer Progression. Diabetes Metab J 2021;
45: 799-812.

Ochman B, Mielcarska S, Kula A, et al. Do Elevated YKL-40 Levels Drive the Immunosuppressive
Tumor Microenvironment in Colorectal Cancer? Assessment of the Association of the Expression of
YKL-40, MMP-8, IL17A, and PD-L1 with Coexisting Type 2 Diabetes, Obesity, and Active Smoking.
Curr Issues Mol Biol 2023; 45: 2781-2797.

Zhu B, Wu X, Wu B, et al. The relationship between diabetes and colorectal cancer prognosis: a meta-
analysis based on the cohort studies. PL0oS One 2017; 12: e0176068.

Cheng Y, Chen Y, Zhou C, et al. For colorectal cancer patients with type Il diabetes, could metformin
improve the survival rate? A meta-analysis. Clin Res Hepatol Gastroenterol 2019; 44(1):73-81.

Henderson D, Frieson D, Zuber J, et al. Metformin has positive therapeutic effects in colon cancer and
lung cancer. Am J Med Sci 2017; 354: 246-251.

Demb J, Yaseyyedi A, Liu L, et al. Metformin is associated with reduced odds for colorectal cancer
among persons with diabetes. Clin Transl Gastroenterol 2019; 10 (11) e00092.

Lv Z, Guo Y. Metformin and Its Benefits for Various Diseases. Front Endocrinol (Lausanne) 2020;
11:191.

Higurashi T, Nakajima A. Metformin and Colorectal Cancer. Front Endocrinol (Lausanne) 2018; 9:
622.

Jones GR, Molloy MP. Metformin, Microbiome and Protection Against Colorectal Cancer. Dig Dis
Sci 2021; 66: 1409-1414.

Ritter J, Lewis L, Mant T, et al. A textbook of clinical pharmacology and therapeutics. CRC Press
2008.

Rena G, Hardie DG, Pearson ER. The mechanisms of action of metformin. Diabetologia 2017; 60:
1577-1585.

Scarpello JH, Howlett HC. Metformin therapy and clinical uses. Diab Vasc Dis Res 2008; 5: 157-167.

Ma T, Tian X, Zhang B, et al. Low-dose metformin targets the lysosomal AMPK pathway through
PEN2. Nature 2022; 603(7899): 159-165.

Zhang H-H, Guo X-L. Combinational strategies of metformin and chemotherapy in cancers. Cancer
Chemother Pharmacol 2016; 78: 13-26.

Martin-Montalvo A, Mercken EM, Mitchell SJ, et al. Metformin improves healthspan and lifespan in
mice. Nat Commun 2013; 30;4(1):2192.



PMMB 2023, 6, 1; a0000390 150f15

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

Li M, Li X, Zhang H, Lu Y. Molecular mechanisms of metformin for diabetes and cancer treatment.
Front Physiol 2018; 9.

Shackelford DB, Shaw RJ. The LKB1-AMPK pathway: metabolism and growth control in tumour
suppression. Nat Rev Cancer 2009; 9: 563-575.

Panwar V, Singh A, Bhatt M, et al. Multifaceted role of mMTOR (mammalian target of rapamycin)
signaling pathway in human health and disease. Sig Transduct Target Ther 2023; 8: 375.

Bodmer M, Becker C, Meier C, et al. Use of metformin is not associated with a decreased risk of
colorectal cancer: a case—control analysis. Cancer Epidemiol Biomarkers Prev 2012; 21: 280-286.

Kowall B, Stang A, Rathmann W, et al. No reduced risk of overall, colorectal, lung, breast, and prostate
cancer with metformin therapy in diabetic patients: database analyses from Germany and the UK.
Pharmacoepidemiol Drug Saf 2015; 24: 865-874.

McMenamin UC, Murray LJ, Hughes CM, et al. Metformin use and survival after colorectal cancer:
A population-based cohort study. Int J Cancer 2016; 138: 369-379.

R R Core Team. R: A language and environment for statistical computing. 2013. Available online:
https://apps.dtic.mil/sti/pdfs/AD1039033.pdf. Accessed 17 August 2023.

Bradley MC, Ferrara A, Achacoso N, et al. A cohort study of metformin and colorectal cancer risk
among patients with diabetes mellitus. Cancer Epidemiol Biomarkers Prev 2018; 27(5): 525-530.

Fransgaard T, Thygesen LC, Gogenur I. Association between metformin use after surgery for
colorectal cancer and oncological outcomes: A nationwide register-based study. Int J Cancer 2018;
143: 63-72.

Kang S, Kim BR, Kang MH, et al. Anti-metastatic effect of metformin via repression of interleukin 6-
induced epithelial-mesenchymal transition in  human colon cancer cells. PloS one
2018;13(10):e0205449.

Azmi NS, Samah AA, Sirgunan V, et al. Comparative Analysis of Deep Learning Algorithm for
Cancer Classification using Multi-omics Feature Selection. Prog Microbes Mol Biol 2022; 5(1):
a0000278.

Chan PF, Hamid RA. An overview of breast cancer: Classification and related signaling pathways.
Prog Microbes Mol Biol 2021; 4(1): a0000194.

Ong 1J, Loo KY, Law LNS, et al. Exploring the impact of Helicobacter pylori and potential gut
microbiome modulation. Prog Microbes Mol Biol 2023; 6(1): a0000273.

Sim AAXH, Cheam JY, Law JWF, et al. The ameliorative role of probiotics in 5-fluorouracil induced
intestinal mucositis. Prog Microbes Mol Biol 2023;6(1): a0000339

Lau AWY, Tan LTH, Ab Mutalib NS, et al. The chemistry of gut microbiome in health and diseases.
Prog Microbes Mol Biol 2021; 4(1): a0000175.

Durganaudu H, Kunasegaran T, Ramadas A. Dietary Glycaemic Index and Type 2 Diabetes Mellitus:
Potential Modulation of Gut Microbiota. Prog Microbes Mol Biol 2020; 3(1): a0000082.

Wang HJ, Battousse O, Ramadas A. Modulation of gut microbiota by dietary macronutrients in type 2
diabetes: A review. Prog Microbes Mol Biol 2021; 4(1): a0000182



PMMB 2023, 6, 1; a0000390 150f15

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Tan-Shalaby J. Ketogenic Diets and Cancer: Emerging Evidence. Fed Pract 2017; 34: 37S-42S.

Lim JM, Letchumanan V, Tan LTH, et al. Ketogenic diet: A dietary intervention via gut microbiome
modulation for the treatment of neurological and nutritional disorders (a narrative review). Nutrients
2022;14(17):3566.

Thye AY, Law JWF, Tan LTH, et al. Exploring the Gut Microbiome in Myasthenia Gravis. Nutrients
2022;14(8):1647.

Lee SH, Ahmad SR, Lim YC, et al. The Use of Probiotic Therapy in Metabolic and Neurological
Diseases. Nutrients 2022; 9: 1-8.

Ong YS, Tan LT-H. Cancer, Natural Products and Nanodrug Delivery Systems. Prog Microbes Mol
Biol 2020; 3(1): a0000089.

Lim WQ, Cheam JY, Law JWF, et al. Role of Garlic in Chronic Diseases: Focusing on Gut Microbiota
Modulation. Prog Microbes Mol Biol 2022; 5(1): a0000271.

Chan WK, Tan LT, Chan KG, et al. Nerolidol: a sesquiterpene alcohol with multifaceted
pharmacological and biological activities. Molecules 2016;21(5):529.

Tay KC, Tan LTH, Chan CK, et al. Formononetin: a review of its anticancer potentials and
mechanisms. Front Pharmacol 2019;10:820.

Goh JXH, Tan LTH, Goh JK, et al. Nobiletin and derivatives: functional compounds from citrus fruit
peel for colon cancer chemoprevention. Cancers 2019;11(6):867.

Ko JH, Sethi G, Um JY, et al. The role of resveratrol in cancer therapy. Int J Mol Sci 2017;18(12):2589.

Ma DS, Tan LTH, Chan KG, et al. Resveratrol—potential antibacterial agent against foodborne
pathogens. Front Pharmacol 2018;9:102.

Tan LK, How CW, Foo JB, et al. Resveratrol as a potential broad-spectrum compound for cancer
treatment. Prog Microbes Mol Biol 2020;3(1): a0000098.

Chew SS, Tan LTH, Law JWF, et al. Targeting gut microbial biofilms-a key to hinder colon
carcinogenesis? Cancers 2020; 12(8): 2272.

Salleh NH, Zulkipli IN, Mohd Yasin H, et al. Systematic review of medicinal plants used for treatment
of diabetes in human clinical trials: an ASEAN perspective. Evid Based Complement Alternat Med
2021; Article ID 5570939.

Hossain S, Kader A, Goh KW, et al. Herb and Spices in Colorectal Cancer Prevention and Treatment:
A Narrative Review. Nutrients 2022; 13: 1-23.

Kamarudin MN, Sarker MM, Kadir HA, et al. Ethnopharmacological uses, phytochemistry, biological
activities, and therapeutic applications of Clinacanthus nutans (Burm. f.) Lindau: A comprehensive
review. J Ethnopharmacol 2017; 206: 245-266.

El Menyiy N, Aboulaghras S, Bakrim S, et al. Genkwanin: An emerging natural compound with
multifaceted pharmacological effects. Biomed Pharmacother 2023; 165: 115159.

Bakrim S, Benkhaira N, Bourais I, et al. Health benefits and pharmacological properties of
stigmasterol. Antioxidants. 2022;11(10):1912.



PMMB 2023, 6, 1; a0000390 150f15

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Ang WS, Law JWF, Letchumanan V, et al. A Keystone Gut Bacterium Christensenella minuta—A
Potential Biotherapeutic Agent for Obesity and Associated Metabolic Diseases. Foods
2023;12(13):2485.

Taha D, El Hajjaji S, Mourabit Y, et al. Traditional Knowledge, Phytochemistry, and Biological
Properties of Vachellia tortilis. Plants 2022;11(23):3348.

Tan HL, Chan KG, Pusparajah P, et al. Gynura procumbens: An overview of the biological activities.
Front Pharmacol 2016; 7.

Elouafy Y, Mortada S, El Yadini A, et al. Bioactivity of walnut: Investigating the triterpenoid saponin
extracts of Juglans regia kernels for antioxidant, anti-diabetic, and antimicrobial properties. Prog
Microbes Mol Biol 2023; 6(1): a0000325

Eva JJ, Kassab YW, Neoh CF, et al. Self-care and self-management among adolescent T2DM patients:
a review. Front Endocrinol 2018;9:489.

Muhammad Haskani NH, Goh HP, Wee DV, et al. Medication Knowledge and Adherence in Type 2
Diabetes Mellitus Patients in Brunei Darussalam: A Pioneer Study in Brunei Darussalam. Int J Environ
Res Public Health. 2022;19(12):7470.

Muhammad Haskani NH, Ming LC, Dhaliwal JS, et al. Diabetes Mellitus and Its Therapy in Brunei
Darussalam — A Critical Revisit. Patient Prefer Adherence 2023; 17: 1131-1136.

Bukhsh A, Goh BH, Zimbudzi E, et al. Type 2 diabetes patients' perspectives, experiences, and barriers
toward diabetes-related self-care: a qualitative study from Pakistan. Front Endocrinol 2020;11:534873.

Nazarie WFWM, Yusof AM, Tieng FYF, et al. Differential gene expression analysis of papillary
thyroid carcinoma reveals important genes for lymph node metastasis. Prog Microbes Mol Biol 2022;
5(1): a0000269

Yunos RIM, Ab Mutalib NS, Sean JKS, et al. Development of a Semiconductor Sequencing-based
Panel for Screening Individuals with Lynch Syndrome. Prog Microbes Mol Biol 2022; 5(1): a0000274

Azman NS, Samah AA, Lin JT, et al. Support Vector Machine — Recursive Feature Elimination for
Feature Selection on Multi-omics Lung Cancer Data. Prog Microbes Mol Biol 2023; 6(1): a0000327.

Mohamed SS, Ahmad A, Ab Mutalib NS, et al. A Panel of Three MicroRNA Signatures as a Potential
Biomarker for CRC Screening Based on Stages and Functional Prediction Using Bioinformatic
Analysis. Prog Microbes Mol Biol 2023; 6(1): a0000343

Nasir SN, Ishak M, Ab Mutalib NS, et al. Circular RNA-EPHB4 as a Potential Biotarget in Colorectal
Cancer: A Preliminary Analysis. Prog Microbes Mol Biol 2022; 5(1): a0000249

Mutalib N-SA, Ismail I, Ser H-L. Molecular profiling and detection methods of microRNA in cancer
research. Prog Microbes Mol Biol 2020; 3(1): a0000099.

Yusof AM, Tieng FY, Muhammad R, et al. In-depth characterisation of miRNome in papillary thyroid
cancer with BRAF V600E mutation. Prog Microbes Mol Biol 2020; 3(1): a0000043.

El Aje R, Naya A, Khoaja A, et al. A Study Comparing Immunohistochemistry, Fluorescence in situ
Hybridisation, and GeneXpert® Breast Cancer STRAT4 assay for Determining Hormone Receptor,



PMMB 2023, 6, 1; a0000390 150f15

85.

86.

Human Epidermal Growth Factor Receptor 2, and Ki67 Status in Invasive Breast Carcinoma in
Moroccan Women. Prog Microbes Mol Biol 2023; 6(1): a0000332.

Low LE, Tan LTH, Goh BH, et al. Magnetic cellulose nanocrystal stabilised Pickering emulsions for
enhanced bioactive release and human colon cancer therapy. Int J Biol Macromol 2019; 127: 76-84.

Tan LTH, Chan KG, Pusparajah P, et al. Targeting membrane lipid a potential cancer cure? Front
Pharmacol 2017; 8(12).

Author(s) shall retain the copyright of their work and grant the Journal/Publisher right for the first publication
with the work simultaneously licensed under:

Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0). This license allows for the
copying, distribution and transmission of the work, provided the correct attribution of the original creator is
stated. Adaptation and remixing are also permitted.



