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Valorisation
In this thesis several real‐life studies based on patients with type 2 diabetes mellitus
(T2DM) using anti‐hyperglycaemic agents and patients with cancer using anticancer
agents, are presented. Both cancer and T2DM are among the most frequently
diagnosed diseases worldwide, whose incidence is only increasing. Both diseases are a
major threat to human health, affecting burden of morbidity and leading to mortality in
millions of people worldwide. Of the 56.9 million deaths worldwide in 2016,
respectively 9.0 and 1.6 million were attributed to the death of people from cancer and
T2DM1. Cancer is characterised by an uncontrolled division of cells which can invade
local tissue and metastasize to other organs. T2DM is a chronic disease characterised by
high blood glucose levels. Patients with cancer often also suffer from other
comorbidities, including T2DM. It is known that about 8‐18% of patients with cancer
also have T2DM2. This thesis provides value for society by gaining real‐life insight in
1) safety of the use of anti‐hyperglycaemic agents, 2) effectiveness and implementation
of anticancer agents, and 3) treatment optimisation of patients with cancer.
In the first part of this thesis, the association between the use of biguanides and the
risk of colorectal cancer and the use of incretin‐based therapies and the risk of
pancreatic cancer was investigated. We found no beneficial effect for the use of
biguanides and the risk of colorectal cancer in T2DM patients3. In addition, we found no
increased risk of pancreatic cancer with the use of incretin agents in T2DM patients4.
Last, both studies showed that T2DM itself seemed to be associated with an increased
risk of colorectal and pancreatic cancer3,4. These findings are of societal benefit. First,
the finding that our study and others did not show any beneficial effects of biguanide
use with the risk of colorectal cancer, supports no need to further investigate this
potential inverse association in randomized controlled trials (RCTs). Given that RCTs are
expensive and potentially not that effective in investigating (very) rare adverse events
that take longer than one year to develop5, this study may help to save society both
costs and valuable time. In addition, participants of RCTs will not unnecessarily need to
be exposed to biguanides. Second, it is valuable for society to learn that the use of
incretin agents is not associated with pancreatic cancer. The initial concern of the risk
of pancreatic cancer with the use of incretin agents was based on histological findings
in human pancreata and spontaneous reports in an adverse event database6,7. The
European Medicines Agency (EMA) published an assessment report regarding the
safety of glucagon‐like peptide‐1 (GLP‐1) based therapies in 2013, stating that large
observational studies with minimal residual confounding are needed to investigate this
association8. To date, our study is one of the largest observational studies that has
investigated this association. Residual confounding was minimal as we were able to
statistically adjust our analysis for important confounders such as body mass index
(BMI), alcohol use and glycosylated hemoglobin type A1c (HbA1c) value. Thus, the
findings from our study provide important reassurance to society that incretin agents
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can probably be safely used as second‐line treatment in T2DM patients, including those
at high risk of pancreatic cancer. This reassurance is especially valuable given that
pancreatic cancer is one of the most lethal worldwide with 5‐year survival rates of stage
IV exocrine pancreatic cancer of about 1%9. Third, both studies provide evidence that
the disease T2DM itself may be associated with a risk of cancer. There are several
explanations for the increased risk of cancer in patients with T2DM. The explanations
include pathophysiological mechanisms, such as hyperglycemia, hyperinsulinemia or
chronic inflammation, and shared risk factors, such as obesity, low physical activity,
alcohol consumption or smoking10. As a consequence, both patients at risk of T2DM
and cancer are likely to benefit from changing an unhealthy lifestyle into a healthy
lifestyle10. This learns us that health care should probably focus more on prevention.
Next to safety, we assessed the effectiveness of targeted oncologic therapies in
real‐life populations of patients with cancer. We determined the median progression‐
free survival (PFS) of patients with advanced breast cancer treated with exemestane
plus everolimus and of patients with metastatic BRAF V600 mutated melanoma treated
with vemurafenib. We found that the real‐life PFS was slightly shorter as seen in the
RCTs, 6.3 months versus 7.8 months for the patients treated with exemestane plus
everolimus11,12, and 6.0 months versus 6.9 months for the patients treated with
vemurafenib13,14. This information may help us to inform patients making treatment
decisions. What is more, we found a large difference in median PFS of patients with
advanced breast cancer treated with exemestane plus everolimus per type of hospital,
which was respectively 8.5 months, 4.2 months and 5.5 months for the patients treated
in academic, teaching and non‐teaching hospitals11. The borderline significantly
difference in median PFS between hospital types was possibly the result of a different
assessment approach in the first 12‐week treatment period11. The transparency on the
variation in outcome by type of hospital may help to improve the quality of health care,
as there is a willingness to share best practices, treatment protocols and treatment
experiences. The OncoZON (Comprehensive Cancer Network Southeast Netherlands)
initiative, which started in 2010, is a good example, where knowledge on best practices
in oncological health care is optimally shared. The results from the presented regional
real‐life studies will be used to improve health care of future patients overall and more
specifically in the OncoZON region.
Besides determining the real‐life safety and effectiveness of (anticancer) treatment
options, we have also investigated methods to measure and potentially optimize the
safety and effectiveness of anticancer agents15,16. Currently, patients with cancer are
increasingly being treated with fixed‐dosed anticancer agents that are given orally. Yet,
the oral administration route may result in large inter‐individual variability in
pharmacokinetics and introduces the risk for treatment adherence risks17, potentially
resulting in less optimal treatment outcomes. Therapeutic drug monitoring (TDM) of
anticancer agents has the potential to individualize the dose and thereby potentially
optimize treatment outcomes. This thesis includes two studies that describe the
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development of a bioanalytical method together with the analytical and clinical
validation of a DBS method to quantify everolimus in patients with cancer15,16. The
results of these studies showed that the everolimus DBS sampling method in patients
with cancer had a sufficient analytical and clinical validity15,16, thereby for the first time
ever enabling the possibility to perform everolimus DBS sampling in patients with
cancer. The benefit for society may especially be present to early recognise patients
with cancer that are over‐ or underexposed and deserve a dose adaption especially to
avoid everolimus induced toxicity.
Further, the development and validation of this DBS sampling method also
facilitates the miniaturisation of blood collection, since it only requires a blood spotting
volume of 30 µL18. This, in addition to the ability to have patients perform DBS sampling
themselves at their homes and sent the samples to the laboratory by regular mail for
analysis, potentially eases the use of TDM in oncology18. One of the future
improvements may be to use DBS sampling to determine all routine health (check‐up)
parameters along with the (trough) concentration of an anticancer agent, enabling the
early detection of deviations or abnormalities. An effective clinical tool may be used to
interpret the analysis results and provide the patient and physician with an individual
(dosing) advice. Although these ideas are currently both analytically and technologically
challenging, it may be achievable when collaborating with the right professionals with
the desired expertise.
Last, this thesis consists of real‐life (cohort) studies, which are of benefit to society
as they provide insight in new, real‐life evidence. Real‐life evidence cannot be provided
by RCTs, as these use well‐regulated and controlled settings. Thus, real‐life studies are
necessary to translate data from RCTs to real‐life patients and this thesis has
contributed to that. Yet, given that the importance of real‐life studies is very clear, it is
remarkable that the digital collection and storage of real‐life data is not yet available.
Data from electronic patient files are not in a standard fashion recorded and also not
transferred to a central database. For that reason data in registries, such as the
SOutheast Netherlands Advanced BReast cancer (SONABRE) registry, are manually and
retrospectively collected by data clerks. The SONABRE registry is quite unique, also
showing that it is not easy to build a database on patients with distant recurrence of
cancer which is currently not captured in national cancer registries. One of the future
improvements should therefore be the collection of relevant real‐life data in a
consistent, structured and digital (automated) way. By doing so, the SONABRE registry
and comparable initiatives can be extended to other regions in the Netherlands and
abroad. Further, it should become easier to link data from different databases. Data
linkage is not only an important tool to provide complementary information from one
data source that will not be captured in the other, but also to enable identifying and
reducing potential misclassification. It may therefore be one step forward to link the
real‐life data from the studies in this thesis to another large health care database.
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In conclusion, this thesis provides essential real‐life insight in safety and
effectiveness of antidiabetic and anticancer agents in patients with T2DM and cancer.
The safety and effectiveness of targeted anticancer agents may be improved by using
DBS sampling, which enables to measure drug exposure in routine care to optimise
dosing. We hope that the results from this thesis will help stimulate to perform more
real‐life studies and to generate more real‐life evidence. It is only by collaboration of
multiple professionals and physicians that we can provide the best possible health care
to all real‐life patients, regardless of their comorbidities, or type of hospital they are
treated in.

176

Valorisation

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

World Health Organization. Home/News/Fact
sheets/Detail/the‐top‐10‐causes‐of‐death.
Retrieved from: https://www.who.int/news‐
room/fact‐sheets/detail/the‐top‐10‐causes‐
of‐death. Accessed December 2018.
Ko C, Chaudhry S. The need for a
multidisciplinary approach to cancer care. J
Surg Res. 2002;105(1):53‐7.
Knapen LM, Dittrich ST, de Vries F, et al. Use
of biguanides and the risk of colorectal cancer:
a register‐based cohort study. Curr Drug Saf.
2013;8(5):349‐56.
Knapen LM, van Dalem J, Keulemans YC, et al.
Use of incretin agents and risk of pancreatic
cancer: a population‐based cohort study.
Diabetes Obes Metab. 2016;18(3):258‐65.
Vandenbroucke JP. When are observational
studies as credible as randomised trials?
Lancet. 2004;363(9422):1728‐31.
Butler AE, Campbell‐Thompson M, Gurlo T, et
al. Marked expansion of exocrine and
endocrine pancreas with incretin therapy in
humans with increased exocrine pancreas
dysplasia and the potential for glucagon‐
producing neuroendocrine tumors. Diabetes.
2013;62(7):2595‐604.
Raschi E, Piccinni C, Poluzzi E, et al. The
association of pancreatitis with antidiabetic
drug use: gaining insight through the FDA
pharmacovigilance database. Acta Diabetol.
2013;50(4):569‐77.
European Medicines Agency. Assessment
report for GLP‐1 based therapies. 25 July
2013.
Retrieved
from:
https://www.ema.europa.eu/documents/rep
ort/assessment‐report‐article‐53‐procedure‐
glp‐1‐based‐therapies_en.pdf.
Accessed
January 2019.
American cancer society. Pancreatic Cancer
Survival Rates, by Stage. Retrieved from:
https://www.cancer.org/cancer/pancreatic‐
cancer/detection‐diagnosis‐staging/survival‐
rates.html. Accessed December 2018.
Giovannucci E, Harlan DM, Archer MC, et al.
Diabetes and cancer: a consensus report.
Diabetes Care. 2010;33(7):1674‐85.

11.

12.

13.

14.

15.

16.

17.

18.

Knapen LM, Geurts SME, De Boer M, et al. A
real‐life study on everolimus plus exemestane
therapy in a cohort of HR‐positive, HER2‐
negative postmenopausal advanced breast
cancer patients; A study of the SOutheast
Netherlands Advanced BREast cancer
(SONABRE) Registry. European Journal of
Cancer. 2018;92:S3‐S113.
Yardley DA, Noguchi S, Pritchard KI, et al.
Everolimus
plus
exemestane
in
postmenopausal patients with HR(+) breast
cancer: BOLERO‐2 final progression‐free
survival analysis. Adv Ther. 2013;30(10):
870‐84.
Knapen LM, Koornstra RHT, Driessen JHM, et
al. The Impact of Dose and Simultaneous Use
of Acid‐Reducing Agents on the Effectiveness
of Vemurafenib in Metastatic BRAF V600
Mutated Melanoma: a Retrospective Cohort
Study. Target Oncol. 2018;13(3):363‐70.
McArthur GA, Chapman PB, Robert C, et al.
Safety and efficacy of vemurafenib in
BRAF(V600E) and BRAF(V600K) mutation‐
positive melanoma (BRIM‐3): extended
follow‐up of a phase 3, randomised, open‐
label study. Lancet Oncol. 2014;15(3):323‐32.
Knapen LM, Beer Y, Brüggemann RJM, et al.
Development and validation of an analytical
method using UPLC‐MS/MS to quantify
everolimus in dried blood spots in the
oncology setting. J Pharm Biomed Anal. 2018;
149:106‐13.
Willemsen AECAB, Knapen LM, de Beer YM, et
al. Clinical validation study of dried blood spot
for determining everolimus concentration in
patients with cancer. Eur J Clin Pharmacol.
2018;74(4):465‐71.
Foulon V, Schoffski P, Wolter P. Patient
adherence to oral anticancer drugs: an
emerging issue in modern oncology. Acta Clin
Belg. 2011;66(2):85‐96.
Bardin C, Veal G, Paci A, et al. Therapeutic
drug monitoring in cancer‐‐are we missing a
trick? Eur J Cancer. 2014;50(12):2005‐9.

177

