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Abstract

The majority of studies involving translational research focus on the 
assessment of useful molecular mechanisms leading to basic scientific 
discoveries capable of being translated into diagnostic and therapeutic 
interventions. Often the full scope of translational research – from bench-
side discovery to clinical and community application and assessment of 
cost-effectiveness – gets lost in this initial focus. In this review we consider 
the development of genetic testing for Lynch syndrome, the most prevalent 
hereditary form of colorectal cancer, as an exemplar representing all the key 
phases of translational research. The details of each research stage and 
respective creative developments are examined, leading up to recent work 
at the T4 outcomes research stage. The review concludes with questions of 
implementation in the current healthcare environment.
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research. LS is the most common heritable cause of colorectal and 
endometrial cancer (1/35 CRC and 1/40 EC cases, respectively) [4]. 
LS genetic mutations carry a 40-80% lifetime risk of developing 
colorectal cancer (CRC), and are associated with at least seven other 
cancer types (e.g., endometrial, intestinal, ovarian, stomach) [5]. 

While the initial observations of the syndrome and its family 
clustering first took place at the University of Michigan as early as 1895 
and under Henry T. Lynch in 1971, the era of basic genetic discovery 
spanned 1993 through 2004, the year in which a comprehensive 
mutational database was established [6]. Major scientific milestones 
included linkage analysis of the first genetic locus for LS and the 
discovery of microsatellite instability in human tumors in 1993, 
positional cloning of responsible genes (MSH2, MLH1, PMS2, 
MSH6 and others) from 1994 onwards, and the discovery of MLH1 
epigenetic defects in 2002. The discovery process showed various 
transitions between basic laboratory (yeast and bacteria) models 
and humans, rapid adoption of genetic technology (gene mapping, 
positional cloning, gene sequencing), and high levels of collaboration. 
Genetic epidemiology was needed to characterize the phenotypic 
heterogeneity of the germline mismatch repair (MMR) gene defects, 
and to correlate pathogenicity with mutations in affected families.

The discovery of the responsible genetic defects and their 
presentation led to the development of means of assessment. The 
CDC-supported Evaluation of Genomic Applications in Practice and 
Prevention (EGAPP) Working Group performed a systematic review 
in 2009 of the analytical and clinical validity, and clinical utility of 
three forms of preliminary tumor testing (microsatellite instability 
(MSI) testing, immunohistochemistry (IHC) testing, and BRAF 
mutation testing) that determine suitability for conclusive MMR 
gene mutation testing in a given case [7]. EGAPP found adequate 
evidence to extrapolate the clinical sensitivity and specificity of 

Introduction: The Levels of Translational 
Research

The last decade has witnessed tremendous growth in translational 
research, with the U.S. National Institutes of Health currently 
awarding Clinical and Translational Science awards to more than 50 
research institutions in 31 states [1]. At the same time, studies of the 
“natural history” of promising therapeutic or preventive interventions 
have shown that only ~5% of “highly promising” basic science 
findings become licensed for clinical use, and only 1% are used for the 
licensed indication [2,3]. The Annals has published exciting articles 
demonstrating the basic science behind molecular developments 
pointing the way to therapeutic and diagnostic techniques. It is vital 
to hold in mind that basic science discoveries will eventually move 
through what Khoury et al. of the U.S. Centers for Disease Control 
and Prevention (CDC) label a “continuum” of translational research 
on the way to promising application [2]. T1 translation research 
aims to move a basic biomedical discovery into a candidate health 
application (clinical or genetic test/therapeutic intervention). T2 
translation research evaluates the value of a given application for health 
practice, leading to the development of evidence-based guidelines 
(clinical or population level). T3 translation research seeks to move 
evidence-based guidelines into health practice through research into 
dissemination, implementation, and widespread diffusion of the 
technology. T4 translation research is geared towards the evaluation 
of “real world” outcomes, which includes assessment of morbidity 
and mortality, quality-of-life indicators, and cost-effectiveness.

Phases 1 and 2 of Lynch syndrome translational research
The attention devoted to the mechanisms and management of 

hereditary nonpolyposis colorectal cancer or Lynch syndrome (LS) 
by the basic science, medical and public health communities serves 
as an exemplar of progress through the various stages of translational 
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these preliminary screens and compare four select combined testing 
strategies, though the Working Group noted further early-stage 
population research comparing MMR testing and preliminary 
screening results would have strengthened the findings even further.

The development and promulgation of clinical guidelines is an 
important process for the adoption of a biomedical technology once 
it has passed muster. The clinical guidelines for Lynch syndrome have 
come in three waves, each further articulating and refining the use of 
genetic testing. Most of the clinical guidelines for Lynch syndrome 
are based on the Amsterdam Criteria and Bethesda Guidelines, which 
were developed and disseminated in the early 1990s [5,6]. The Revised 
Bethesda Guidelines, which specify the circumstances under which a 
person should undergo MSI testing for a CRC, came out in 2004, and 
other CRC risk assessment tools able to identify cases with likelihood 
of an hereditary component also emerged around that time [8,9]. 
Currently the Amsterdam II/Revised Bethesda Guidelines are used 
to select patients with CRC for IHC analysis and/or MMR genetic 
testing. Part of the success of the guidelines may be attributed to the 
involvement of expert groups such as the National Comprehensive 
Cancer Network (NCCN), the American Society of Clinical Oncology 
(ASCO), and the American Gastroenterology Association (AGA) 
in their development and dissemination [5]. Calls for “universal 
screening” of CRC patients to detect LS started in 2008, with major 
consensus-building efforts to yield recommendations for universal 
screening, which could also lead to screening of high-risk relatives, 
beginning in 2010 [10-12].

Phases 3 and 4 of Lynch syndrome translational research
At the T3 translation research level, studies in the U.S and 

abroad have demonstrated uptake by family members of genetic 
testing for LS and of procedures for universal testing of CRC cases. 
Palomaki et al. describe a study in Finland looking at LS testing in 
252 family members and 22 index cases selected initially by family 
history [13]. One hundred thirty-three family members chose colonic 
examination; 78 chose to forgo clinical screening, and all subsequent 
cases of CRC underwent genetic testing. In seven studies looking at 
provision of genetic counseling and testing to LS families, about half 
of relatives received counseling, and 95% of these individuals chose 
to have MMR genetic testing [7]. In 2011 leading cancer institutions 
and public health agencies in the U.S formed the Lynch Syndrome 
Screening Network (now containing 85 member organizations), 
which in turn formed an LSSN database to allow exploration of key 
gaps in universal screening implementation [14]. This network and 
individual institutions are in the process of developing protocols and 
descriptive data on the implementation of universal LS screening 
procedures among CRC cases [14,15].

T4 translational research examining “real world” outcomes is quite 
vigorous at this point. Psychosocial research looking at the impact 
of LS genetic testing on probands and their families is beginning 
to catch up to the earlier literature covering the consequences of a 
positive BRCA1/2 diagnosis in families with a history of hereditary 
breast and ovarian cancer. A 2015 University of Toronto study 
found that most individuals undergoing LS genetic testing were able 
to adapt to their genetic testing results over time, and continue to 
successfully engage in long-term monitoring [16]. Surprisingly, 25% 
of those testing negative showed moderate depressive symptoms 

on the Center for Epidemiologic Studies for Depression Scale, and 
were felt by the authors to require added psychosocial support. The 
research demonstrates the importance of attention to clinical subsets. 
The consensus conferences to date, both in the U.S and Europe, have 
pooled together and published in summary form study findings 
on surveillance and surgical outcomes of multiple organ systems, 
including the results of prophylactic hysterectomy and bilateral 
salpingo-oophorectomy, and colectomy, and resultant morbidity 
[10,11]. Recommendations have tended on the conservative side. Most 
importantly, comprehensive cost-effectiveness analyses are emerging. 
In 2015 Scott Grosse of the CDC examined seven LS studies from the 
U.S and Europe looking at medical/surgical follow-up and universal 
or “near universal” testing of LS relatives with CRC, and found that 
all but one displayed incremental cost-effectiveness ratios less than 
$100,000 per life-year or quality-adjusted life-year gained [17]. In 
2016 Chen et al. closed the geographic gap by calculating incremental 
cost-effectiveness ratios for four LS testing strategies with data from 
Taiwan – results were cost-effective for the three strategies combining 
MMR gene sequencing with preliminary tumor testing [18].

Conclusion: The Circle and Trajectory of 
Translational Research

Lynch syndrome genetic testing represents translational research 
come full circle – from bench science to population intervention. 
One could not expect this level of development for the wider range of 
disease categories today for which genetic tests are being developed, 
but LS does serve as an exemplar to be followed. Epidemiologic 
research enters at each stage, from examination of genetic variation 
and evaluation of test validity and utility, to assessment of population 
morbidity (and mortality in surgical instances and for final disease 
outcomes). Having considered the breadth of translational research 
in this area, one is left to ponder how far healthcare reform can move 
the actual employment of LS testing to prevent CRC into clinical 
and community reality, and the role of stakeholders in promoting 
the needed implementation. Conversely, one might ask, “How can 
the example of LS translational research help inform the current 
healthcare environment?”.

References
1. National Center for Advancing Translational Sciences (NCATS). CTSA 

Program Hubs. Bethesda, MD: NCATS, U.S. Department of Health & Human 
Services. 2016. 

2. Khoury MJ, Gwinn M, Yoon PW, Dowling N, Moore CA, Bradley L. The 
continuum of translation research in genomic medicine: how can we 
accelerate the appropriate integration of human genome discoveries into 
health care and disease prevention? Genet Med. 2007; 9: 665-674.

3. Contopoulos-Ioannidis DG, Ntzani E, Ioannidis JP. Translation of highly 
promising basic science research into clinical applications. Am J Med. 2003; 
114: 477-484.

4. Modell SM, Greendale K, Citrin T, Kardia SL. Expert and advocacy group 
consensus findings on the horizon of public health genetic testing. Healthcare 
(Basel). 2016; 4: E14.

5. Arar N, Knight SJ, Modell SM, Issa AM; for the GAPPNetTM Inaugural 
Knowledge Synthesis & Dissemination Working Group. The Genome-based 
Knowledge Management in Cycles model: a complex adaptive framework for 
implementation of genomic applications. Personalized Med. 2011; 8: 191-
205.

6. Lynch HT, Snyder CL, Shaw TG, Heinen CD, Hitchins MP. Milestones of 
Lynch syndrome: 1895-2015. Nat Rev Cancer. 2015; 15: 181-194.

https://ncats.nih.gov/ctsa/about/hubs
https://ncats.nih.gov/ctsa/about/hubs
https://ncats.nih.gov/ctsa/about/hubs
https://www.ncbi.nlm.nih.gov/pubmed/18073579
https://www.ncbi.nlm.nih.gov/pubmed/18073579
https://www.ncbi.nlm.nih.gov/pubmed/18073579
https://www.ncbi.nlm.nih.gov/pubmed/18073579
https://www.ncbi.nlm.nih.gov/pubmed/12731504
https://www.ncbi.nlm.nih.gov/pubmed/12731504
https://www.ncbi.nlm.nih.gov/pubmed/12731504
https://www.ncbi.nlm.nih.gov/pubmed/27417602
https://www.ncbi.nlm.nih.gov/pubmed/27417602
https://www.ncbi.nlm.nih.gov/pubmed/27417602
http://www.futuremedicine.com/doi/abs/10.2217/pme.11.5
http://www.futuremedicine.com/doi/abs/10.2217/pme.11.5
http://www.futuremedicine.com/doi/abs/10.2217/pme.11.5
http://www.futuremedicine.com/doi/abs/10.2217/pme.11.5
http://www.futuremedicine.com/doi/abs/10.2217/pme.11.5
https://www.ncbi.nlm.nih.gov/pubmed/25673086
https://www.ncbi.nlm.nih.gov/pubmed/25673086


Ann Transl Med Epidemiol 4(1): id1012 (2017)  - Page - 03

Modell SM Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

7. Evaluation of Genomics Applications in Practice and Prevention (EGAPP) 
Working Group. Recommendations from the EGAPP Working Group: genetic 
testing strategies in newly diagnosed individuals with colorectal cancer aimed 
at reducing morbidity and mortality from Lynch syndrome in relatives. Genet 
Med. 2009; 11: 35-41.

8. Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Ruschoff 
J, et al. Revised Bethesda Guidelines for hereditary nonpolyposis colorectal 
cancer (Lynch syndrome) and microsatellite instability.  J Natl Cancer Inst. 
2004; 96: 261-268.

9. Kastrinos F, Allen JI, Stockwell DH, Stoffel EM, Cook EF, Mutinga ML, et 
al. Development and validation of a colon cancer risk assessment tool for 
patients undergoing colonoscopy. Am J Gastroenterol. 2009; 104: 1508-
1518.

10. Giardiello FM, Allen JI, Axilbund JE, Boland CR, Burke CA, Burt RW, et 
al. Guidelines on genetic evaluation and management of Lynch syndrome: 
a consensus statement by the US Multi-Society Task Force on Colorectal 
Cancer. Am J Gastroenterol. 2014; 109: 1159-1179.

11. Vasen HFA, Bianco I, Aktan-Collan K, Gopie JP, Alonso A, Aretz S, et al. 
Revised guidelines for the clinical management of Lynch syndrome (HNPCC): 
recommendations by a group of European experts. Gut. 2013; 62: 812-823.

12. Bellcross CA, Bedrosian SR, Daniels E, Duquette D, Hampel H, Jasperson K, 
et al. Implementing screening for Lynch syndrome among patients with newly 
diagnosed colorectal cancer: summary of a public health/clinical collaborative 
meeting. Genet Med. 2012; 14: 152-162.

13. Palomaki GE, McClain MR, Melillo S, Hampel HL, Thibodeau SN. EGAPP 
supplementary evidence review: DNA testing strategies aimed at reducing 
morbidity and mortality from Lynch syndrome. Genet Med. 2009; 11: 42-65.

14. Mange S, Bellcross C, Cragun D, Duquette D, Gorman L, Hampel H, et al. 
Creation of a network to promote universal screening for Lynch syndrome: 
the Lynch Syndrome Screening Network. J Genet Couns. 2015; 24: 421-427.

15. Cohen SA, Laurino M, Bowen DJ, Upton MP, Pritchard C, Hisama F, et al. 
Initiation of a universal tumor screening for Lynch syndrome in colorectal 
cancer patients as a model for the implementation of genetic information into 
clinical oncology practice. Cancer. 2016; 122: 393-401.

16. Esplen MJ, Wong J, Aronson M, Butler K, Rothenmund H, Semotiuk K, et al. 
Long-term psychosocial and behavioral adjustment in individuals receiving 
genetic test results in Lynch syndrome. Clin Genet. 2015; 87: 525-532. 

17. Grosse SD. When is genomic testing cost-effective? Testing for Lynch 
syndrome in patients with newly-diagnosed colorectal cancer and their 
relatives. Healthcare (Basel). 2015; 3: 860-878.

18. Chen Y-E, Kao S-S, Chung R-H. Cost-effectiveness analysis of different 
genetic testing strategies for Lynch syndrome in Taiwan. PLoS One. 2016; 
11: e0160599.

Citation: Modell SM. Lynch Syndrome Genetic Testing as an Exemplar of Translational Research as a Whole. 
Ann Transl Med Epidemiol. 2017; 4(1): 1012.

Ann Transl Med Epidemiol - Volume 4 Issue 1 - 2017
ISSN: 2472-3649 | www.austinpublishinggroup.com 
Modell. © All rights are reserved

https://www.ncbi.nlm.nih.gov/pubmed/19125126
https://www.ncbi.nlm.nih.gov/pubmed/19125126
https://www.ncbi.nlm.nih.gov/pubmed/19125126
https://www.ncbi.nlm.nih.gov/pubmed/19125126
https://www.ncbi.nlm.nih.gov/pubmed/19125126
https://www.ncbi.nlm.nih.gov/pubmed/14970275
https://www.ncbi.nlm.nih.gov/pubmed/14970275
https://www.ncbi.nlm.nih.gov/pubmed/14970275
https://www.ncbi.nlm.nih.gov/pubmed/14970275
https://www.ncbi.nlm.nih.gov/pubmed/19491864
https://www.ncbi.nlm.nih.gov/pubmed/19491864
https://www.ncbi.nlm.nih.gov/pubmed/19491864
https://www.ncbi.nlm.nih.gov/pubmed/19491864
https://www.ncbi.nlm.nih.gov/pubmed/25070057
https://www.ncbi.nlm.nih.gov/pubmed/25070057
https://www.ncbi.nlm.nih.gov/pubmed/25070057
https://www.ncbi.nlm.nih.gov/pubmed/25070057
https://www.ncbi.nlm.nih.gov/pubmed/23408351
https://www.ncbi.nlm.nih.gov/pubmed/23408351
https://www.ncbi.nlm.nih.gov/pubmed/23408351
https://www.ncbi.nlm.nih.gov/pubmed/22237445
https://www.ncbi.nlm.nih.gov/pubmed/22237445
https://www.ncbi.nlm.nih.gov/pubmed/22237445
https://www.ncbi.nlm.nih.gov/pubmed/22237445
https://www.ncbi.nlm.nih.gov/pubmed/19125127
https://www.ncbi.nlm.nih.gov/pubmed/19125127
https://www.ncbi.nlm.nih.gov/pubmed/19125127
https://www.ncbi.nlm.nih.gov/pubmed/25220566
https://www.ncbi.nlm.nih.gov/pubmed/25220566
https://www.ncbi.nlm.nih.gov/pubmed/25220566
https://www.ncbi.nlm.nih.gov/pubmed/26480326
https://www.ncbi.nlm.nih.gov/pubmed/26480326
https://www.ncbi.nlm.nih.gov/pubmed/26480326
https://www.ncbi.nlm.nih.gov/pubmed/26480326
https://www.ncbi.nlm.nih.gov/pubmed/25297893
https://www.ncbi.nlm.nih.gov/pubmed/25297893
https://www.ncbi.nlm.nih.gov/pubmed/25297893
https://www.ncbi.nlm.nih.gov/pubmed/26473097
https://www.ncbi.nlm.nih.gov/pubmed/26473097
https://www.ncbi.nlm.nih.gov/pubmed/26473097
https://www.ncbi.nlm.nih.gov/pubmed/27482709
https://www.ncbi.nlm.nih.gov/pubmed/27482709
https://www.ncbi.nlm.nih.gov/pubmed/27482709

	Title
	Abstract
	Introduction: The Levels of Translational Research
	Phases 1 and 2 of lynch syndrome translational research
	Phases 3 and 4 of lynch syndrome translational research

	Conclusion: The Circle and Trajectory of Translational Research
	References

