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Abstract  

 

The longevity industry has been expanding for several years now, with the goal 

to prolong not only the lifespan of people but also their healthspan. One of the most 

remarkable techniques in the field is the CRISPR Cas-9 gene-editing tool, which owing 

to its flexibility and efficiency, allows humans to develop new treatments to prevent or 

cure a great variety of diseases. This paper aims to forecast the future state of the 

CRISPR Cas-9 technology in Germany in 2035 by using the INKA 4 scenario manager 

software. A total of five areas of influence –– i.e. scientific, economic, demographic, 

ethical, and legal –– were identified. From those, 11 descriptors were created based 

on relevant scientific literature and were introduced in the INKA software to develop 

the scenarios. This process resulted in three clearly differentiated scenarios that 

exhibit high probabilities of a positive outlook for the CRISPR-Cas9 technology in 

Germany by 2035. 

 

Keywords: Scenario Planning, CRISPR-Cas9, Longevity Research, INKA4 

 

 

Key Findings  

 

1. Longevity research has become increasingly relevant within the last years; the 

scientific community is well established in the research field. However, on a 

corporate level, Germany’s position is still expandable. 

 

2. Among the most promising technologies, based on the remarkable number of 

papers published in recent years and various applications, outstands the 

CRISPR-Cas9 technology. 

 

3. According to the scenario analysis conducted, an integration of the technology 

is possible, in case specific factors of influence change, and CRISPR-Cas9 may 

be available or, to some degree, available in Germany until 2035.
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1. Introduction 

Healthcare has been playing an important role in the development of modern 

society. The fundamental purpose of healthcare is to enhance the quality of life by 

enhancing health (Berry, 2018). The spending and investments in healthcare have 

been increasing rapidly around the world. According to the Organization for Economic 

Co-operation and Development (OECD) forecasts in 2019, it is estimated that health 

expenditure will outpace GDP growth over the next 15 years in almost every OECD 

country. On the other hand, Germany is considered one of the countries in the world 

with the best healthcare system, attributing to the heavy investment in it. Statistics 

show that among all the EU Member States, Germany has the highest healthcare 

expenditure in 2018. The amount accounts for 384 billion Euros, equivalent to 11.5% 

of their gross domestic product (GDP). 

  

The healthcare and medical technologies in Germany have been improving rapidly in 

the past decades, thanks to the advanced development of science and technology, as 

well as the growing awareness of health. The COVID-19 pandemic in 2020 has been 

an accelerator for the research and techniques in the pharmaceutical and medical 

industry to prosper. Gene editing tools, especially CRISPR Cas-9, seem to have a 

bright and promising future on potentially curing the genetically inherited diseases that 

researchers and scientists have been struggling to find solutions to in decades. 

However, doubts and hesitation from the public and the German government still exist, 

leaving uncertainty about the medical field's game-changing disruption. Hence, this 

paper discusses the following research question: 

  

What will the future of CRISPR-Cas 9 in Germany look like in 2035? 

 

After an extensive literature review, the factors that potentially influence the research 

question are categorized into five areas –– scientific, social and demographic, ethical, 

legal/political, and economic. They are discussed in detail and are part of the selection 

of the future scenarios of this paper. 
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This paper is divided into eleven chapters. The first chapter outlines the research 

question. The second chapter provides a rough introduction to life expectancy, which 

is closely related to longevity. The third and fourth chapter describes longevity, the 

technologies used in longevity research, and the companies devoted to it. The fifth 

chapter introduces this paper's main gene-editing tool –– CRISPR-Cas9 and the 

relevant companies. The sixth chapter narrates the current situation in Germany 

regarding CRISPR-Cas9 and longevity research. In the seventh chapter, the 

methodology of the research team is introduced, as well as the five areas of influence 

on the future scenarios. The eighth chapter presents the main results, which are 

categorized into three main scenarios. Finally, in the ninth, tenth and eleventh 

chapters, the outlook, the conclusion, and the limitations are specified. 

 

2. Life Expectancy: Historical Evolution 

It is difficult to know for sure how long the average human lived in the prehistoric 

period due to the lack of data and fossils of human remains. However, recent analyses 

of some fossil teeth of the australopithecines and the Neandertals showed that most 

of them died before 30. Thus, it was not until around 30,000 years ago that evidence 

of early modern European remains proved that three generations might have co-

existed for the first time (Caspari, 2012). 

 

Caleb Finch describes in the article that the demographers believed the life 

expectancy in ancient Greek and Roman times was between 20 to 35 years. The 

leading cause for these short life spans would possibly be infections from diseases, 

parasites, as well as wounds (Finch, 2010, p.371). 

 

The short life expectancy in ancient times does not mean humans all died before 40 

years old. In fact, the short life span was caused by high child mortality. Statistics show 

that from 1200 to 1745, if a man reached the age of 21, he could live to an expected 

age between 62 to 70 years, almost as long as a human can live today. Except for the 

14th century, when the widespread plague greatly drove the average life expectancy 

to an extraordinarily low number (Lancaster, 1990, p.8). 
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Coming to the 1800s, the improvement of sanitation and nutrition conditions has 

contributed to the doubling of life expectancy; however, life expectancy was still low 

due to the limitation of medical knowledge (Finch et al., 2012). During this period, 

infectious diseases such as typhoid and scarlet fever were still common, which have 

impacted life expectancy significantly.  

 

The life expectancy during the 1800s was less than 40 years of age around the world. 

Until 1950, the gap of life expectancy in different countries started to grow (See Figure 

1). For example, Africa had an average life expectancy of only 36 years, while in other 

world regions, people could expect to live twice as long (Roser et al., 2013). 

 

 

Figure 1: Life expectancy in 1800,1950 and 2015 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Extracted from: Roser, M., Ortiz-Ospina, E., & Ritchie, H. (2013). Life Expectancy 
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Since 1960, the United Nations has begun to keep global data, and life expectancy 

has increased dramatically worldwide (See Figure 2). At that time, a person born in 

Germany was expected to live 69.5 years of age. Now in 2021, the average life 

expectancy in Germany is around 81.5 years (Roser et al., 2013). 

 

This rapid growth could be a result of the development of the healthcare system. 

Figure 3 shows that countries with higher healthcare expenditure tend to have a higher 

life expectancy. However, China had a comparatively good outcome at relatively low 

expenditure, while the United States did not have an anticipated long life expectancy, 

being the country with the highest expenditure on health (Roser et al., 2013). 

 

 

Figure 2: Life expectancy,1770 to 2019 

 

Extracted from: Roser, M., Ortiz-Ospina, E., & Ritchie, H. (2013). Life Expectancy 
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Figure 3: Life expectancy vs healthcare expenditure, 1991 to 2014 

 

Extracted from: Roser, M., Ortiz-Ospina, E., & Ritchie, H. (2013). Life Expectancy 

 

3. Longevity 

When talking about longevity, two terms must be clarified: life expectancy and 

lifespan. Longevity, life expectancy, and lifespan are often confused as synonyms; 

however, they are slightly different in definition. Life expectancy refers to the estimated 

number of years a person can expect to live. It is an average so that a particular person 

may die years before or years after the "expected" survival. Many factors can affect 

life expectancy; for example, family inherited genes, diet, lifestyle, environment, and 

even age and gender. Lifespan is defined by the longest observed human life from 

birth to death. While longevity refers to the characteristics of the relatively long lifespan 

of some members of a population, reflections on longevity have usually gone beyond 

acknowledging the basic shortness of human life and have included thinking about 

methods to extend life. Therefore, scientists and researchers have developed various 
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medical technologies in the past decades, all of them with the same goal: to cure 

diseases and prolong human life. 

 

On the other hand, aging is the necessary process that humans must go through in 

their lifetime, despite how much effort scientists have put into longevity research. The 

term aging is defined by Zhavoronkov et al. as “… a gradual, multifactorial, and time-

dependent process that leads to loss of function, biological and physical damage, and 

the appearance of multiple age-related diseases" (Zhavoronkov, et al., 2019). 

Although aging is not considered a disease in itself, it does represent the origin of a 

large number of them. That is because death comes hand in hand with the wear and 

tear of biological mechanisms. The longer humans live, the more chances they will 

develop to let their cells mutate, becoming the origin of many diseases. It is often 

inscribed in the DNA sequence, whose genetic load carries the probability of 

developing a particular disease (Velasco, 2018). For this reason, different 

technologies are being used to modify the genes responsible for pathologies and, 

through gene editing, reprogram them to lead humans to a longer life. 

 

4. Longevity Research 

Research on longevity and healthy aging has increased by exorbitant steps in 

recent years. That is reflected in the number of companies interested in the field and 

the different technologies developed in the market. In addition, that development has 

also led the health industry to focus not only on the cure of diseases but on intervention 

and prevention, which characterize the longevity industry. 

  

In 2013 the first longevity report was published. This report indicated that the longevity 

industry was worth $ 7.1 trillion (Oxford Economics, 2016). However, six years later, 

the industry reached $ 17 trillion (Colangelo, The Longevity Industry and the 7th 

Continent, 2020), and it is expected that it continues to grow.  
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4.1. Technologies  

Longevity Technology Company has classified the technologies that make up the 

longevity industry. These technologies are shown in figure 4. Within these 

classifications, different technologies have been developed. The following paragraphs 

detail some of the technologies with promising potential in longevity research. 

 

Figure 4: Technologies that make up the emerging longevity market 

 

 

Extracted from Longevity Technology website 
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4.1.1. Artificial Intelligence (AI) 

"Artificial Intelligence refers to any human-like intelligence exhibited by a 

computer, robot, or another machine" (IBM Cloud Education, 2020). In other words, it 

refers to the ability of a machine to imitate human capabilities through a combination 

of algorithms. 

 

With Deep Learning1, Artificial Intelligence has been used in various biological 

applications, from drug discovery to predicting clinical trials and specialty therapies.  

For example, due to a shortage of medical professionals worldwide, especially in 

highly specialized fields. AI could be a diagnostic tool that automatically diagnoses a 

patient. That would reduce the doctor shortage and allow for diagnoses in a shorter 

time, which means people are more likely to obtain treatment quicker. AI and deep 

learning can also reduce the time it takes to create drugs and vaccines. That has 

already been implemented and is likely to have a significant role by the 2030s. In this 

sense, experts predict a near future where doctors will not be able to diagnose without 

Artificial Intelligence because they will not want to miss any information. 

 

Likewise, Deep Learning allows the development of the Deep Aging Clock, which 

generates estimations of an individual's biological age state based on routine blood 

analyses (Zhavoronkov, Bischof, & Lee, 2021). With this tool, the assessment and 

monitoring regarding patients’ risks will be more accurate. 

 

More companies have started to invest in longevity projects in recent years through 

Artificial Intelligence, such as (1) Deep Longevity Inc., one of the most important 

companies in longevity research, provides aging and longevity clocks to measure 

human biological age (Deep Longevity, n.d.). (2) Human Longevity, whose research 

is based on "combining DNA sequencing with machine learning to shift medicine to a 

more data-driven science and create the potential for a longer and healthier human 

life" (Pistilli, 2021) and (3) Calico, a Google-owned company whose objective is 

combating aging and associated diseases (Fortune, 2017). 

 
1 “Deep learning (DL) was a breakthrough for AI research, allowing for the training of deep neural networks (DNNs) on massive 
longitudinal data sets, which were previously almost impossibly difficult to comprehensively mine and interpret in the longevity 
arena.” (Zhavoronkov, Bischof, & Lee, 2021) 
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4.1.2. Prime Editing 

This technology has been developed by researchers from the Broad Institute of 

MIT and Harvard University. It consists of a genome editing technique that combines 

elements of the CRISPR-Cas9 system with reverse transcriptase to introduce 

modifications in human cells. 

 

Anzalone et al. define Prime Editing as "..a genome editing method that writes new 

genetic information into a specified DNA site using a catalytically impaired Cas9 

endonuclease fused to an engineered reverse transcriptase, programmed with a prime 

editing guide RNA (pegRNA) that both specify the target site and encodes the desired 

edit" (Anzalone, et al., 2019).  

 

This new "search-and-replace" technique improves some of the features of the 

existing methods. It produces fewer by-products and has a lower 'margin of error' than 

other types of gene editing. That could make gene therapies based on the new 

technique safer for use in human beings. It is also estimated that it can edit about 89% 

of human genetic variants associated with diseases  (Anzalone, et al., 2019). 

 

The potential of this technique is staggering. However, the tests carried out have only 

been with model organisms such as rice and mice, giving positive results. From there 

to treating humans in a realistic context, there is a giant leap. Nevertheless, it is very 

encouraging to see all the genetic diseases that could be cured in principle. For all 

that, substantial advances in technology and its use are lacking to know the real 

impact. 

4.1.3. Telomerase Activation 

Telomeres are pieces of genetic material found at the ends of chromosomes. 

They are highly repetitive non-coding DNA regions (National Human Genome 

Research Institute, n.d.), whose primary function is to protect the genetic material that 

carries the rest of the chromosome (BBC Mundo, 2018).  As cells divide throughout 

life, telomeres become shorter. The wear and tear of the telomere in cell cycles prevent 

its protective function, making the chromosome unstable. Telomere degradation 

results from the action of DNA polymerase, which is the enzyme responsible for DNA 
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replication, not working correctly at the ends of chromosomes. When telomeres are 

too short, they are no longer viable, and apoptosis or programmed cell death 

processes are activated. This mechanism helps cells prevent cells that have unstable 

genetic material from replicating. 

 

In 2009, Elizabeth Blackburn, Carol Greider, and Jack Szostak were awarded the 

Nobel Prize in medicine for their work on aging cells and their relationships towards 

cancer (Hamilton, 2009). They investigated telomeres and found that the enzyme 

telomerase can regulate shortening and regeneration, therefore, protect 

chromosomes from aging - it can cause telomeres to regenerate and prolong them. 

 

This enzyme helps prevent telomeres from shrinking with cell division, assisting with 

maintaining the biological youth of cells. In this sense, telomerase activation is 

considered "a potential therapeutic target for age-related diseases" (Bernades de 

Jesus & Blasco, 2013). 

 

These discoveries are used to analyze telomerase levels in different behaviors, such 

as diet or smoking, therefore, find a relationship between these behaviors and cell 

aging. Additionally, the topic is also being studied in cancer therapy, as telomere 

restriction can hinder rapidly occurring cell division in cancerous tumors  (Hamilton, 

2009). 

4.2. Companies 

Some of the leading companies currently involved in the industry are detailed in 

the following paragraphs.2  

4.2.1. Insilico Medicine 

Insilico Medicine was founded in 2014 and has been seeking to accelerate drug 

discovery and development through artificial intelligence. 

 
2 A broader idea of the companies can be seen in Appendix B. 
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It provides services to pharmaceutical and biotechnological companies that allow the 

development of therapeutic programs, such as "cancer, fibrosis, anti-infectives, 

immunology, and senescence".3 

 

One of the company's latest advances is a novel pre-clinical candidate addressing 

Idiopathic Pulmonary Fibrosis (IPF). The experiments carried out have shown 

excellent efficacy in vitro and in vivo studies and a good safety profile in the 14-day 

study in mice. "This discovery marks the first scientific validation of the industry's 

Artificial Intelligence for R&D, leading to pre-clinical studies". (Insilico Medicine, 2021). 

Likewise, Insilico has shown that "deep learning allows the rapid identification of potent 

DDR1 kinase inhibitors" (Zhavoronkov, et al., 2019). 

4.2.2. Juvenescence 

Juvenescence is a British company founded in 2016 with the mission of 

developing therapies that delay aging and promote "juvenescence" (Sanchez, 2019). 

It is in this way that the investment portfolio is extensive (Hill, 2019). Among the three 

most important companies in which it has been investing are a) LyGenesis, which is 

working with lymph nodes as bioreactors to regenerate functioning ectopic organs, 

including the liver, kidneys, thymus, and pancreas (LyGenesis, Inc. , 2020), b) Agex, 

which is working with pluripotent stem cells to produce new cells and induced tissue 

regeneration and c) FoxBio which is conducting studies to eliminate senescent cells. 

 

In April of this year, Juvenescence announced its first product, Metabolic Switch, a C6 

ketone Di-ester drink that stimulates the ketosis process and promotes a healthy 

metabolism. 

 

 Metabolic Switch switches on your metabolism which over time can sustain energy, 
protect, and promote lean muscle and support healthy blood sugar and immune 
function— all conditions associated with aging. It is a clinically proven product developed 
by Juvenescence to help consumers support their healthy aging goals (Juvenescence 
Ltd., 2021). 

 Colin Wats – JuvLife, Chief Executive Officer. 

 
3 Obtained from insilico.com. 
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4.2.3. Agex Therapeutics 

The company, founded in 2017, develops and commercializes novel 

therapeutics targeting human aging. Some of the leading patented technologies are 

a) PureSteam that can "generate young cells derived from pluripotent stem cell for 

application in degenerative diseases of aging," and b) Induced Tissue Regeneration 

(iTR), a "longevity platform that seeks to unlock cellular immortality and the 

regenerative ability to reverse age-related changes in the body". 4 

 

At the moment, its drugs are still in the pre-clinical stage of being approved by the FDA 

(Life Sciences - Nanalize, 2019). One of the latest studies is about Brown Adipose 

Tissue (BAT). They have been analysing if AGEX-BAT1 could help with diabetes and 

obesity problems. For this, the company is collaborating with the University of Ohio. In 

this collaboration, studies are being carried out in mice, which undergo a BAT implant 

to evaluate later if metabolic health and cardiac function improve  (Business Wire, 

2021). 

4.2.4. Human Longevity Inc. 

The company was founded in 2013 and has the largest database of sequenced 

genotype and phenotype data. The data is recollected through cell therapy 

technologies, genomic sequencing, proteomics, and other technological advances to 

obtain as much information as possible about healthcare and thus tackle the diseases 

associated with aging.   

  

One of the latest and most important advances was in 2020. The company published 

a study called “Precision medicine integrating whole-genome sequencing, 

comprehensive metabolomics, and advanced imaging”. Data from 1,190 individuals 

collected by the company were used in this study and concluded that by integrating 

whole genome sequencing with advanced imaging and blood metabolites, it is 

possible to identify adults with the risk of diseases such as cancer, heart disease, and 

diabetes (Merryman, 2020). 

 

 
4 Obtained from https://www.agexinc.com/ 
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5. CRISPR – Cas9 Technology 

CRISPR Cas-9, abbreviated from Clustered Regularly Interspaced Short 

Palindromic Repeats, is a powerful genome-editing tool that allows researchers to 

precisely manipulate specific genomic elements and, therefore, change the genetic 

material of essentially any living being. It has recently become one of the most 

promising gene-editing technologies and has the potential to revolutionize medicine 

and many other areas such as agriculture (Vidyasagar, 2018). 

 

To understand how it works, first, we need to consider that even though CRISPR is 

known to be merely the gene-editing technique, every bacteria has CRISPRs inside 

its DNA. They are actually a "warehouse" of copies of small pieces of viruses that are 

used to identify and later destroy matching external bodies when they attack the 

bacteria again in the future. In the first step, these strips of DNA of the virus are 

captured and stored in the CRISPR region where a collection of invaders' DNA is 

located, then another protein called CAS-9 binds to the RNA copy of that virus DNA 

and starts to go around the bacteria to identify a future infection of this virus. When it 

detects this type of virus is entering the bacteria again, it cuts it off and destroys it 

(Janssen, 2020). 

 

It was not until 2012 when scientists figured out how CRISPR-Cas9 could target 

virtually any DNA in almost any living organism and not just virus DNA, describing 

CRISPR Cas-9 as a gene-editing tool by using this similar procedure as these proteins 

are used naturally. When administering the Cas9 protein and the appropriate RNA 

guide to a cell, the cell's genome can be cut at desired locations, the sequences of 

which will be complementary to those of the guide RNAs used. This allows the 

functional deletion of genes or the introduction of mutations. The scientists that 

developed the technique, Jennifer Doudna and Emmanuelle Charpentier, earned the 

Nobel Prize in Chemistry in 2020 (Hsu et al., 2014). 

 

Among the many applications of CRISPR as a gene-editing tool, the cure of diseases 

is found. One disease type stands out in this field, those caused by a known and 

contained genetic sequence like sickle cell anemia. However, potentially more 

complex diseases caused by many genetic errors like genetic cancers may be cured 
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with this technique in the future. Moreover, CRISPR could also be used, for example, 

to ease and improve diagnostics, to create genetically modified mosquitoes that 

cannot transmit malaria, develop parasite resistant crops, and therefore reduce the 

need for pesticides, create crops able to yield more nutritious food, and many others 

(Fernández, 2020). 

 

However, CRISPR comes with many challenges, including ethical and legal ones and 

problems that arise from the technology itself. To become a truly versatile and powerful 

gene-editing tool, scientists must find a solution to these handicaps. First of all, off-

target mutations occur because CRISPR/Cas-9 not only binds to those of the guiding 

DNA sequences but also cleaves identical or highly similar DNA sequences, which 

leads to mutations at undesired sites that can either kill the gene or create unwanted 

mutations. Secondly, Protospacer Adjacent Motif (PAM) has dependence/restrictions. 

PAM serves as an essential site required for the precision of CRISPR technology. The 

problem is that since each type of PAM determines the cutting frequencies of the 

CRISPR-Cas9 for a given genome, and there are not enough PAMs identified that 

could cover any whole genome sequences, this partly restricts CRISPR to be used 

freely in all living organisms. Moreover, other scientific challenges of the technique 

include variations in efficacy, proper delivery methods, and difficulties in the production 

of gRNA (Zhang et al., 2014). 

5.1. Companies5 

CRISPR-Cas9 is a revolutionary gene-editing technique whose efficacy and ease 

of use has already boosted innovation across numerous industries, as indicated in the 

preceding chapter. There have been many novel applications of CRISPR in many 

fields, from agriculture to healthcare, since its discovery in 2012, with a growing list of 

companies researching to develop its full potential. This chapter provides some 

interesting examples of both, start-ups and big companies, using this tool. 

 

 
5 Information regarding companies retrieved from: https://www.synthego.com/blog/crispr-startup-
companies.  (Prabhune, 2021) 
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Starting with the start-ups, there is a growing list of these small and innovative 

companies that are taking advantage of the potential of the CRISPR Cas-9 editing 

tool.  

5.1.1. NTrans Technologies (2015, the Netherlands) 

This business is working to make genome engineering possible in all cell types. 

For example, NTrans invented a cellular absorption technique that solves the 

challenge of CRISPR component delivery for therapeutic reasons. The transduction 

component propane betaine is paired with an increase in salt content (osmocytosis) 

to create their technology. 

 

This approach, known as "iTOP" (induced transduction by osmocytosis and propane 

betaine), allows the cell to take up huge fluid-filled vesicles called macropinosomes, 

which can contain CRISPR guide RNAs and Cas9. Then, the contents of these 

vesicles are released into cells, allowing CRISPR genome editing to take place. 

5.1.2. CariBou Biosciences (2011, US) 

Caribou is a clinical-stage biopharmaceutical firm that aims to develop genome-

edited off-the-shelf immune cell treatments for cancer therapy. A variety of tumour 

types build a pipeline of genome-edited, off-the-shelf called CAR-T and CAR-NK cell 

treatments. 

5.1.3. Intellia (2014, US) 

 This company aims to create a new class of medicinal solutions by using “more 

straightforward manufacturing techniques”. They want to create CRISPR-based 

medicines that are both individualized and curative. Lipid Nanoparticles (LNPs) are 

employed to transport the CRISPR-Cas9 complex to the liver in their current in vivo 

research. They have teamed up with Regeneron Pharmaceuticals to develop a 

treatment for transthyretin amyloidosis (ATTR). In addition, Intellia has developed 

NTLA-2002, another experimental genome editing medicine for treating hereditary 

angioedema (HAE). 
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5.1.4. CRISPR Therapeutics (2014, Switzerland) 

Their main objective is to develop gene-based human therapies by taking 

advantage of the CRISPR/Cas9 technology. Their first allogeneic CAR-T program 

targeting B-cell malignancies has started clinical development, same as their lead 

program targeting blood illnesses such as ß-thalassemia and sickle cell disease. 

Additional blood stem cells, immuno-oncology, regenerative medicine, and in vivo 

initiatives also move on to clinical trials. 

5.1.5. Verve Therapeutics (2018, US) 

Verve Therapeutics is on a mission to prevent cardiovascular disease across 

the world. Their objective is to produce gene-editing medicines that will lower the 

likelihood of adult coronary artery disease by permanently lowering LDL cholesterol 

levels in the blood. 

 

Many more start-up companies are working on developing CRISPR applications; 

however, large and established pharmaceutical companies are also working on this 

technology. As an example, the US company Pfizer has its own division working on 

CRISPR based gene therapy as well as other gene-editing tools like adeno-associated 

virus gene therapy (rAAV) called Pfizer Rare Disease, which aims to develop 

treatments for illnesses with single-gene mutations by the likes of hemophilia A, 

hemophilia B, and Duchenne muscular dystrophy (DMD) (Pfizer, 2019). Another 

example that shows the industry's interest is the recent licence worth more than $800 

million to access CRISPR technology from a start-up company that Janssen realized. 

The pharmaceutical company will use this know-how to develop treatments that target 

antibiotic resistant infections (Hargreaves, 2019). 

 

6. Current Situation in Germany 

The following subchapters describe the current situation of the longevity industry 

and the advances of CRISPR technology in Germany. 
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6.1. Longevity Research 

The initial purpose of this research project was to review new technologies and 

advances in medical research to improve human longevity. Age-related diseases have 

become more prevalent with the increase of global life expectancy. As outlined in 

chapter two, the average life expectancy in Germany is around 81.5 years (Roser et 

al., 2013). Global wealth has been steadily improving; once developing countries turn 

into developed nations, health-related challenges change. For example, a lack of 

sanitation or hygiene is no longer a significant cause of unpleasant health outcomes. 

Instead, the focus shifts. Current challenges in industrialized countries emphasize on 

extending life span and improving the quality of life even in the later stage of life. Major 

causes of death are different types of cancer, which accounted for a quarter of all 

deaths in the year 2019 in Germany. The number increased by approximately ten 

percent compared with the figures from 1999 (Statistisches Bundesamt, 2021).  

 

Generally, not only rare types of cancer, but also rare diseases and genetic conditions 

lack treatment options and cures. Pharmaceutical and biotechnological innovations, 

especially gene therapies and the discovery of biomarkers, may revolutionize 

treatment options and increase longevity during the last decades. Never in history did 

biotechnological research and innovation advance so rapidly. A quantitative study 

conducted by Lichtenberg (2012) concluded that there is a correlation between 

pharmaceutical innovation and increased longevity in Germany. A second key finding 

from the study is that German states with more significant increases in drug vintage 

had larger increases in life expectancy (Lichtenberg, 2012, p.210). Industrialized 

countries like Germany increasingly face an aging population and are starting to 

dedicate greater attention toward longevity research.  

 

Significant research efforts can be observed; an example are those investigations of 

the German research institutes. The Leibniz Institute on Aging, Fritz Lipmann Institute 

(FLI) was one of the largest non-university research institutes on molecular 

biotechnology, focusing on diagnosis and therapy of human diseases in the 1980s. In 

2005, the FLI developed a new research focus and was transformed into the first 

national research institute dedicated to broad biomedical research on aging in 

Germany (Leibniz Institute on Aging, 2021). Along with the FLI, there are other notable 
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institutes, such as the Max Planck Institute for Biology of Aging, the Network Aging 

Research (NAR) of Heidelberg University, and the Cologne Graduate School of Aging 

Research, including the Cluster of Excellence Cellular Stress Responses in Aging-

Associated Diseases (CECAD), a research center located on campus and close by 

the university teaching hospital (CECAD, 2021). All these research institutes provide 

multiple publications, ongoing projects, and international collaborations regarding 

aging research on their websites.  

 

Apart from scientific institutes emphasizing longevity research, the current situation on 

a corporate level in Germany needs to be addressed. As shown in Appendix A, start-

up activity in longevity research is primarily dominated by companies in the United 

States; on the European level, only two start-ups, located in the UK and Ireland, 

appear in the ranking of the global top 30 start-ups in longevity research in 2021. The 

lack of longevity start-ups in Germany reflects the observation that, although research 

institutes are well established, there are still barriers on the corporate level. Except for 

sizeable German pharmaceutical companies, such as Merck KGaA, who dedicate 

resources toward longevity research and collaborate with longevity research-intensive 

companies, our research efforts could not identify notable longevity companies based 

in Germany (Human Longevity Inc., 2017).  

 

6.2. CRISPR-CAS 9 Technology 

In Germany, the CRISPR-Cas9 technology is still in its infancy due to, among other 

reasons, regulations in place, ethical concerns, economic feasibility, and technological 

regress. Specific reasons holding back the launch and application of CRISPR-Cas9 at 

present are outlined in the following chapters and evaluated in the follow-up analysis. 

However, on an international scale, growing emphasis is provoked by experiments on 

embryos carried out by a Chinese scientist and the technology's pioneering scientists 

winning the 2020 Nobel Prize in Chemistry (Schmidt, 2020).  

 

Current technological breakthroughs regarding genetic medicine, particularly mRNA 

technology, may fuel further debates on other technologies in the field and serve as a 

gatekeeper. Concerning the Severe acute respiratory syndrome - coronavirus 2 
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(SARS-CoV-2) pandemic, genetic technologies and innovations are gaining relevance 

to tackle medical challenges. The current state of emergency opens the discussion 

anew on how far genetic biotechnology ought to be regulated and if current regulations 

are obsolete in Germany (Lindner, 2020).  

 

According to Cathomen, the head of the institute for transfusion medicine and gene 

therapy at the teaching hospital of Freiburg, Germany, CRISPR-Cas9 will be restricted 

to clinical applications in the foreseeable future. However, Cathomen predicts that 

there will be an increased number of clinical trials and acknowledges that the 

technology may benefit numerous patients (Beck, 2020). As a matter of fact, there are 

approximately 8,000 rare diseases prevalent in Germany, 80% of whom are of genetic 

origin, and the number is continuously growing (Die Deutschen Universitätsklinika, 

2021). For such diseases, treatment options are relatively scarce or tenuous; although 

rare in nature, they represent society's economic and health burden. Consequently, 

reflecting on the integration of CRISPR-Cas9 as a potential treatment option may 

become inevitable in the near future.  

 

The teaching hospital Charité Berlin, among the most popular teaching hospitals in 

Germany, shows various collaborative efforts, for example, jointly with the German 

Max-Planck Institute's team for molecular genetics, to foster research in this field on a 

national scale. One such example is a paper about exome sequencing and CRISPR-

Cas9 genome editing to identify mutations of the human gene Leucine-zipper and 

sterile-α motif kinase (ZAK) as a cause of limb defects in humans and mice, which 

demonstrates the rapid utility of the technology and its potential to reverse such 

mutations, from which these individuals otherwise bear the burden or impairment over 

a lifetime (Spielmann et al., 2016). Accordingly, German scientists from different 

disciplines have pointed out the potential of CRISPR-Cas9 and are calling for a 

paradigm shift. The German National Academy of Sciences Leopoldina has published 

a series of discussion papers regarding the matter, one such workpiece dealing with 

the 'ethical and legal assessment of genome editing in research on human cells' 

(Bonas et al., 2017).  

 

In addition, the German corporate setting for biotechnologies, as CRISPR-Cas9 can 

be considered as in this context, ought to be scrutinized. According to Müller (2002), 
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there is evidence that the situation of the biotechnology industry is improving since the 

new millennia. During the 1990s and before, Germany "provided perhaps the most 

inhospitable climate for biotechnology in the Western world" (Dickmann, 1996). 

According to the author, the relapse was caused by the deeply rooted and far spread 

public scepticism embedded in the country's history and culture. The national course 

changed due to promotions from pharmaceutical companies' campaigns and 

statements from several scientists, educating the public on drug and alternative 

treatment discovery. Government subsidies and a change in perception by the public 

appear to be the catalyst for biotechnological start-up activities at the turn of the 

millennium. As seen in Figure 5, Munich, Rhine-Ruhr area, and 

Heidelberg/Ludwigshafen have been the initial locations granted with government 

subsidies. In addition, a special vote was given to Jena to accelerate biotechnological 

activity in the former Eastern part of Germany (Dickmann, 1996). As pointed out by 

Müller (2002), industrial biotech activity also started to increase around the capital of 

Germany, Berlin, alongside the previously mentioned locations. In addition to industrial 

activities concentrated in subsidized areas, the biotechnology sector also started to 

grow in other locations in the following years. 

 

Figure 5: Initial, regional government incentives, and industrial Biotech activity 

 

Extracted from Dickman (1996) and Müller (2002) 
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After the initial government incentives were distributed to the selected regions, the 

German biotechnology sector developed steadily; Figure 6 displays the situation in 

2012. The yellow-colored icons indicate academic institutions that added 

biotechnological research to their agenda. Moreover, the red icons represent 

dedicated biotech companies, always closely linked to the locations of academic 

institutions. Compared to the beginning of the new millennium, corporate and research 

activities in the biotech sector are visible in many more locations than the initial 

government subsidies have spurred. 

 

Figure 6: German biotechnology sector in 2012 

 

 

Extracted from BioPro Baden-Württemberg GmbH (2013) 
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During the most recent years, biotech start-up activities in Germany have declined. 

German biotech start-ups find it difficult to raise capital; more than one-third of 

European biotech start-ups can be found in the United Kingdom (UK) (Lang, 2021). 

However, data obtained from the financial year 2018 offers a rather promising outlook. 

A seven percent increase (totaling 1.19 billion €) in R&D spending has been accounted 

for in the industry, the largest throughout the last ten years. In addition, financing in 

the industry reached a record high –– stock listed companies generated 2.5 times 

more capital on the stock exchange (898 Billion €)6 than in the previous year. Venture 

capital (VC) accumulation has been at a ten year high, resulting in 422 Billion €, albeit 

half of the VC amount has been distributed to a single company (BIOCOM AG, 2021). 

According to these figures, the biotechnological industry’s financing structure is slightly 

changing, and investors may be more willing to support the industry with VC.  

 

During an interview with Ingmar Hoerr in the German magazine Wirtschaftswoche, the 

founder of the notable biotech company CureVac also criticized the current situation 

in Germany, highlighting the importance of VC in the biotech sector (Balzli, 2021). 

Although Germany does not follow the VC approach like, for example, the United 

States, the German research landscape is substantially broad, resulting from 

government funding for basic scientific research on a large scale. High-quality German 

science generates opportunities and fosters knowledge and progress, making it 

attractive for investors (Lang, 2021). The solid scientific position of Germany is 

favorable for advances in therapeutic research and serves as a positive indicator for 

the future of emerging technologies, such as CRISPR-Cas9, in Germany until 2035. 

 

7. Methodology - Scenario Planning 

To create the longevity scenario, the software Inka 4 was used. This program 

allows for the creation of forecasts based on descriptors as inputs. These descriptors 

are based on future social, political, technological developments, economic climate 

forecasts, and expectations (Szenariotechnik, 2021). The forecasts should not be 

 
6 It must be mentioned that capital acquired has not resulted from initial public offerings (IPOs), no 
IPOs have taken place in the financial year 2018, capital was solely raised by companies that are 
already traded on the stock exchange.  
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interpreted as entirely accurate predictions but rather as future analyses of 

possibilities. It allows for a relatively accurate analysis of how the descriptors can 

influence the area being investigated. This scenario project allows the future analysis 

of how longevity research can develop in the medium term.  

7.1. The Scenario Building Technique 

Inka 4 is the scenario planning tool used in this paper. Inka 4 was developed by 

Professor Geschka and his colleagues in 1976. Since then, the program has been in 

continuous development and allows for the accurate creation of scenarios based on 

inputs called descriptors. Furthermore, the software shows assumption structures 

together with networks and their associated effects with possible influences. The Inka 

4 algorithm follows eight steps in order to create scenarios.  

 

Figure 7: The eight steps of INKA 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Extracted from Geschka and Schwarz-Geschka 2012, p. 7 
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Step 1: Structure the content and goals. 

It is of significant importance for scenario planning to have structured the 

content correctly. That means, have a very concise and precise scope definition; what 

is aimed at being achieved? The objective of the first step is to provide a specific 

overview of what the software should achieve. 

 

Step 2: Structure and identify areas of influence. 

  This is the process of finding and identifying assumptions/expectations about 

what is to happen in the future. All relevant factors must be identified, collected, and 

structured. The factors are categorized in so-called "areas of influence." These areas 

of influence can consist of, but not limited to headers such as social and demographic, 

political and economic, as examples. 

  

Step 3: Formulate future assumptions. 

  This is creating realistic speculations about the future and the state of variables. 

This is in the form of identifying and creating descriptors. Descriptors are a 

subcategory of areas of influence and are more precise compared to the overarching 

header.  

  

Step 4: Determine the impact of assumptions. 

Each descriptor is allocated a weighting. This is based on research and facts, 

as well as making assumptions into account. Certain assumptions can change the 

likelihood of the future implementation or level of integration. For example, economic 

instability may reduce the likelihood of technology A being integrated into the medium 

term due to a lack of economic viability.  

  

Step 5: Interpret and visualize the impact of assumptions. 

  Area of influence and descriptors can be linked with one another. That means 

the impact of another can change the impact of assumptions made. Relationship 

status between descriptors and links can be made and allocated a different weighting 

compared to one another.  
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Step 6: Construction of scenarios. 

  After linking descriptors and areas of influence and having appropriate 

correlation weightings, the next step is running the software. That creates scenarios. 

The outcome can vary from very few scenarios (very desirable) to many scenarios 

(less desirable). For example, if the software generates over 12 scenarios, it means 

the descriptors were not specific enough and dilutes the accuracy of the scenarios. 

On the other hand, very few generated scenarios mean the descriptors were specific, 

and the scenarios' quality is outstanding.  

 

Step 7: Scenario analysis. 

  This is the analysis of generated output. If too many scenarios are created, the 

descriptors must be reformatted to gain more specific outputs.  

  

Step 8: Documentation. 

  If the INKA 4 software has created results as desired, the information can be 

downloaded and interpreted by the user. 

 

7.2. Areas of Influence 

The scenario planning project aims to study the longevity industry in Germany, 

through CRISPR technology, by the year 2035. Moreover, extensive literature 

research was performed to understand the general overview and trends in the 

longevity industry. Therefore, based on that research, the following areas of influence 

were identified: Scientific, social and demographic, ethical, legal/political, and 

economical. 

7.2.1. Scientific 

Probably one of the most critical areas of influence in this scenario project is 

the scientific and technological, which will determine in what situation the CRISPR 

Cas-9 gene-editing tool is by 2035 in Germany with the greatest weight. If the scientific 

challenges that CRISPR poses are not solved, the technology will be left behind or will 

drastically reduce its potential to a few not too complex applications.  
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Among the most significant challenges that this tool poses, scientifically speaking, are 

off-target mutations due to the high frequency of off-target activity (≥50%) at sites other 

than the intended on-target site. These happen when the CAS-9 protein reaches the 

wrong sequence of DNA as it coincides with the proper sequence, and therefore cuts 

it in an unwanted area, potentially causing severe and unpredicted genome instability 

(Zhang & Y Tee, 2015).  

 

To solve these issues, detecting off-target sites in a highly sensitive and 

comprehensive manner remains critical in the field of gene editing. There are also 

some new techniques to reduce off-target mutations, like Modification in the CRISPR 

enzymes. That works by binding the negatively charged DNA to a groove in Cas9 

protein, which is positively charged. The researchers then replaced some of the 

positively charged amino acids with neutral ones to decrease "off-target" sequences' 

binding. Another technique is, for instance, called in-silico CRISPR editing that uses 

computer modelling and AI, which takes in data and identifies cleavage locations of 

Cas9 nuclease and selects the nuclease having the fewest off-target cleavage 

locations (Gaikwad, 2020). 

 

There are other important scientific challenges like in vivo delivery methods that need 

to be addressed. However, the massive increase in funding and research on the topic 

and the growing number of big and small companies developing solutions for the 

challenges that CRISPR implies will most likely solve these challenges in the mid-

term. It should be noted that the number of scientific papers on the topic since its 

discovery in 2012 adds up to 14,000 issues. That is mainly due to the boost in R&D 

not only in the US and Europe but also in China (Cohen & Desai, 2020). 

7.2.2. Social and Demographic 

Public perception of CRISPR technology plays a significant part in its 

implementation and success thereof. Muller et al. (2020) researched CRISPR and its 

associated public opinion. The research has found an initial positive perception, but 

peaks of negativity have decreased this perception. Furthermore, there is a strong 

correlation between (consumer) perception and implementation (Gollwitzer & Schaal, 

1998).  
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CRISPR is a concept that is relatively new to the public, and most familiar with the 

technology may have gained their knowledge (albeit inaccurately) via movies and 

social media. This is a cause for unrealistic expectations of the current state of 

CRISPR technology. Nevertheless, the issue is so serious and important that the 

Biophysical Society has even published a guide for companies pioneering CRISPR on 

how to educate the public on the technology.  

 

The question is who should be educated on CRISPR in the public. The younger 

generations, Gen Z and millennials, are most likely to be highly interested due to the 

technology being pioneered during their relative early stages of life. However, the 

impact of CRISPR is most likely to be most effective and influential in the near future 

for the older Generation X and the Baby Boomer generation. Therefore, the logical 

answer would be that all generations should be aware of this technology's realistic 

state and potential.  

7.2.3. Ethical 

The ethical aspect also plays a part in affecting the implementation of the 

CRISPR technology, and one of the main reasons why Germany and many other 

countries still hesitate to allow gene editing to be put into practice.  

 

One big concern is whether gene editing will only be used in treating diseases; thus, 

it is very important to draw a clear line between disease treatment and enhancement 

before humans are ready to bring CRISPR into the healthcare and medical system. In 

an interview, Robert Truog, director of the Center for Bioethics at Harvard Medical 

School, stressed the importance of focusing gene editing on life-threatening diseases. 

 

To assess if a medical or healthcare practice is ethical, there are principles followed 

by researchers and scientists for a few decades. The Four Principles of Biomedical 

Ethics include autonomy, non-maleficence, beneficence, and justice. The 'autonomy' 

principle is related to human dignity and freedom. The patient should only be treated 

with their or their parent's consent, under the premise of being fully informed of the 

risks, benefits, and the likelihood of success. 'Beneficence' implies that the result 

should be positive or benefit the patient, while 'non-maleficence requires the medical 
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procedure not to harm the patient, or at least minimize the harm. The principle of 

'justice' suggests that all groups in the society should have an equal chance of getting 

the benefits of the treatment, and the resources should be distributed fairly 

(Beauchamp and Childress, 1979). 

 

Despite the existing principles and guidelines to assess ethical practices, morals and 

ethics are still subjective to some extent. Some countries are more optimistic and 

willing to accept the new technologies, while others might be more cautious and 

conservative. Surveys showed that countries where Christianity prevails, are less likely 

to accept gene-editing technology (Pew Research Center, 2020). For this reason, we 

cannot ignore the religious factor in determining the possibility of CRISPR technology 

being implemented in the future. 

7.2.4. Legal/ Political 

The legal and political area of influence is very decisive in the case example of 

Germany. As one of the EU Member States, Germany has one of the strictest 

jurisdictions regarding gene editing. The nature of the CRISPR-Cas9 technology falls 

into these legal restrictions. Currently, legislators rely on the first article of the German 

Constitution, which entails the principle of ‘human dignity above everything else’; thus, 

gene editing is almost entirely banned in Germany; other relevant legal frameworks 

are ‘The German Act for Protection of Embryos’ (Rixen, 2018).  

 

Moreover, gene editing activities are also restricted on the EU level. The Convention 

on Human Rights and Biomedicine (widely known as the Oviedo Convention) of the 

Council of Europe was established in 1997 for this objective. Article 18 of the Oviedo 

Convention prohibits the creation of human embryos for genetic research purposes. 

The convention is binding once translated and ratified into the national jurisdiction of 

the member state, respectively. Countries that ratified the Oviedo Convention are 

bound to maintain the ban. Although all member states have not adopted the 

convention, Germany never signed the convention into its national legislation 

(Vergallo, 2021). However, national laws already place a tight regulatory framework 

on the CRISPR-Cas9 technology. Therefore, the legal area of influence plays a crucial 

role in determining the future of CRISPR-Cas9 in Germany. In the absence of a 
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broader legal scope, an adoption of the technology by the public for commercial or 

medical use are impossible within German borders (Bonas et al., 2017). 

 

The second subcategory of the area of influence is political forces. The political climate 

and decisions made by politicians directly influence the future of technologies, 

especially in Germany, where a strong tendency for state funding in the biotechnology 

sector is inherent (Adleberger, 1999). Although politicians and legislators are fairly 

inseparable, politicians often have a strong influence on society's attitude. Due to 

increasing globalization at the turn of this decade, one cannot solely consider the 

national political climate. Instead, significant decisions revolving around such far-

reaching technologies are placed on international political agendas (Reardon, 2015). 

One such example is the Oviedo Convention which illustrates growing collaboration to 

find a uniform framework (Vergallo, 2021). For this reason, the authors deemed not 

only Germany's political attitude regarding gene editing as decisive but generally 

examined political forces on an international scale. Therefore, it is essential to 

investigate if the international political community encourages or hinders the CRISPR-

Cas9 breakthrough. 

7.2.5. Economic 

The economic area plays an essential role in the longevity industry. It has been 

reflected in the constant growth of the industry in recent years and has led to global 

attention. For example, in 2018, UBS Investor Watch surveyed 5,000 investors 

worldwide and obtained an optimistic attitude regarding longevity (UBS Investor 

Watch, 2018).  In this sense, investors are interested in the longevity industry because 

they recognize the growth capacity of the market and because it serves as a means 

for the extension of their own lives (Colangelo, 2019). A similar thought is that of 

Margaretta Colangelo7, who indicated that the longevity industry has 

"…unprecedented prospects for growth and profitability" (Colangelo, The Longevity 

Industry will be the Biggest and Most Complex Industry in Human History, 2019). 

It is for that reason that entrepreneurs and investors would lean towards this industry. 

However, the high level of complexity in the industry translates into a level of risk when 

 
7 Co- Founder and CEO at Jthereum 
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investing. For example, Colangelo indicates that this complexity hinders the ability to 

anticipate challenges and recognize opportunities. 

 

On the other hand, many technologies are patented, which leads to the therapies 

being expensive and limited access for patients. That is why there is significant 

uncertainty of whether health insurance companies will include gene editing in their 

coverage (Kozubek, 2017).  Also, insurance coverage for costly treatments is declining  

(Sherkow, 2017). 

7.3. Process Outline 

The scenario planning with INKA 4.0 software requires defining areas of influence, 

which are relevant to determine the future of CRISPR-Cas 9 in Germany. These areas 

of influence, described in the previous section, help to better structure and clarify the 

development of the analysis. In this sense, each area of influence includes a group of 

descriptors detailed in Appendix C. Descriptors are descriptive parameters for an 

external influencing factor. These descriptors are the ones used to compute the 

scenario planning. Therefore, each descriptor includes between two to three 

specifications, and the probabilities of occurrence of each specification are determined 

according to the extensive literature collected and personal judgment. 

  

For this analysis, eleven descriptors and their respective specifications were selected. 

The latter were juxtaposed according to the extensive literature review. In this regard, 

the specifications could be polarized, reliable, contrary, or unrelated. These 

relationships are displayed on a scale from -3 to +3. The meaning of each scale is 

shown in Figure 8. With these data, the relationship between the specifications of each 

descriptor is obtained, forming a consistency matrix (See Appendix D). 

 

With all the information provided in INKA 4, six scenarios were obtained (See Figure 

9). Each scenario has a consistency sum, which indicates the quality of the 

scenario created. In this respect, scenario S-1 is the scenario with the highest 

consistency and is ranked first. Despite having a lower consistency, Scenario S-3 is 

very similar to S-1; therefore, it has been decided to merge scenarios S-1 and S-3 in 

ranking 1. The same happens with scenarios S-6 and S-4; for that reason, they have 
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also been merged in ranking 2. That leaves scenario S-5 in ranking 3 and scenario S-

2 in ranking 4, but this last one was discarded due to its lower consistency and lack of 

value it would add to the research. That results in a total of three scenarios instead of 

six scenarios previously.  

Figure 8:  Consistency values 

 

 

 

 

 

 

 

 

 

 

Extracted from Manual INKA 4 – Scenario Software (Schwarz-Geschka, 2017) 

 

 

Figure 9: Consistency Sum 

 

 

 

 

 

Extracted from INKA report 

 

Scale Meaning 

+3 Mutually dependent 

+2 Supportive each other 

+1 Fits into the same climate 

0 Unrelated (coexistence possible) 

-1 Fits badly together 

-2 Contradictory 

-3 Mutually exclusive 
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8. Results 

The following subchapters detail the most relevant scenarios as explained in the 

previous chapter.8 

8.1. Scenario 1 (S-1 & S-3)   

 

“Bright days for the CRISPR Cas-9 technology are soon to 

come.” 

 
This first scenario is the combination of scenarios S-1 and S-3 due to their high 

similarity. This scenario presents a favorable position regarding the development of 

the CRISPR-Cas9 technology. It is characterized mainly by a total or partial degree of 

insurance coverage and a liberal reform eliminating the current restrictions which 

prohibit scientific and medical research projects and experiments in the gene-editing 

field. 

  

In the scientific area, the European Union Commission is expected to continue 

supporting bilateral cooperation and scientific research with more countries, allowing 

scientific cooperation at an international level. Likewise, the advantages of the 

technology are going to allow CRISPR-Cas 9 to continue to play an essential role in 

the future genome editing field. In the same way, the scientific community is going to 

be able to solve the main challenges of the CRISPR tool within the time frame.  

  

In the social and demographic area, similarly, the forecast is favorable with optimistic 

public perception. Aging demographics further encourage CRISPR-related 

developments.  Ethical pressure and acts of religious groups also provide an optimistic 

forecast. The ethical aspects of CRISPR are expected to be solved, and acts of 

religious groups will have reduced pressure.  

 

In addition, international collaboration is going to stimulate the advancement of 

CRISPR-Cas 9 technology, and its applications for medical purposes are going to be 

 
8  Appendix E shows the differences between all the scenarios obtained. 
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supported. Finally, investments in the longevity area, especially in gene-editing 

therapies, show a positive outlook for the future, further promoting the development of 

CRISPR-Cas9. 

8.2. Scenario 2 (S-6 & S-4)  

“CRISPR Cas-Nein!” 
 

This second scenario is a merge of scenarios S-6 and S-4. This scenario 

provides a pessimistic forecast of the future of CRISPR-Cas9 technology. It is mainly 

characterized by a partial or even null degree of insurance coverage and a restrictive 

legal framework in Germany that does not allow gene-editing therapies. 

   

In the scientific area, no international cooperation is expected since CRISPR-Cas9 

developments are protected by the intellectual property of the developing countries. 

Additionally, the current challenges that CRISPR-Cas9 technology brings with it 

cannot be solved, so new technologies are going to replace the existing ones. 

  

Concerning the social and demographic area, negative responses to gene-editing 

therapies do not disappear, causing danger for CRISPR development. Also, 

demographic aging is going to slow down CRISPR developments.  

   

On the other hand, it is expected to be proved that gene editing and disease curing 

are incompatible since the benefits it offers do not justify the disadvantages caused 

by its misuse. Likewise, religious groups are going to continue to disapprove of gene 

editing and pressure the government and society to ban these treatments. Moreover, 

politicians on a global scale are going to refuse to encourage the technological 

advancement of gene editing, making CRISPR-Cas9 development difficult.  

   

Finally, given the intense pressure from the public and a restrictive legal framework, 

investments in the longevity industry and especially in gene-editing are expected to 

stagnate or even be reduced, seriously affecting technology development.  
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8.3. Scenario 3: (S-5)    

“Sorry, zahlen wir nicht!” 

 
This scenario is characterized by a liberal legal framework that allows CRISPR-

Cas9 applications but no coverage of this type of medical treatment by health 

insurance in Germany.   

 

In the scientific area, the European Union Commission is going to continue to prioritize 

scientific and research cooperation to promote technological development such as 

CRISPR-Cas9 at the international level. Additionally, competition between existing 

technologies remains the same. Moreover, even though the CRISPR-Cas9 technology 

incurs different challenges, these are expected to be solved.   

   

Regarding the social and demographic areas, negative perceptions about the 

applications with this technology are going to disappear, generating a positive 

perception. People are going to have a greater general understanding of the benefits 

of applications by using CRISPR-Cas9 technology and, therefore, accept them. 

Additionally, the increase of aging in Germany leads to a rise in demand for treatments 

with CRISPR technology.   

    

On the other hand, ethical problems will be solved, and applications such as editing 

the genes of embryos are going to be accepted, allowing more significant advances in 

applications with CRISPR technology. Also, the opinions and objections of religious 

groups are not going to affect advances in technology.   

    

Likewise, the political landscape is going to generate an international collaboration 

that ranges from scientific supervision, clinical applications, and commercialization, 

allowing the technological advancement of gene editing, especially CRISPR-Cas9.   

    

Finally, private and public investments in the longevity industry are expected to 

increase, allowing market growth and further developing the CRISPR-Cas9 

technology. 
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8.4. Scenarios Summary  

The INKA 4 software generated six scenarios, but three were chosen after 

combining some scenarios. The first scenario (S-1& S-3) is very optimistic about the 

CRISPR-Cas9 technology being implemented in the future. All the areas, from 

scientific, social, ethical, legal/political, to economics, react positively to gene-editing 

technology.  The second scenario (S-6 & S-4) is the contrary. All the areas react 

negatively to the CRISPR-Cas9 technology; therefore, the development and 

implementation of gene editing will stagnate or even decrease. Another scenario (S-

5) is rather optimistic; however, the health insurance in Germany will not be able to 

cover the costs, which means the CRISPR-Cas9 gene-editing technology will only be 

accessed by rich people, not for the general public. 

 

We left out the scenario which has the lowest consistency and lower meaningfulness 

(S-2). This scenario is quite similar to the previous one. But we did not merge it 

because there are two important differences concerning the legal framework and the 

degree of insurance coverage. This scenario indicates that the current laws regarding 

gene editing are maintained or even restricted further. That means no liberations of 

existing laws are foreseeable in the future.  
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9. Outlook 

The research paper expects that in the future the gene-editing technologies, 

especially CRISPR-Cas9, will be applied in medical treatment to cure diseases and 

prolong life. In the scientific area, the European Union will support the research and 

cooperation of countries at international level. The general public in Germany will 

support and react positively towards using the gene-editing technology to reduce gene 

inherited diseases, and the religious group will be persuaded and put less pressure on 

gene editing tools. In addition, investments in longevity, especially in the CRISPR-

Cas9 gene editing area, will keep increasing, providing this technology a suitable 

environment to grow. 

 

However, on the other side, there is a smaller chance that Germany will not be able to 

put CRISPR-Cas9 in practice, or it will only be applied to a small group of people who 

can afford it. The lack of state regulations, the concerns about misusing the 

technology, and the uncertainty of the insurance companies’ willingness to cover the 

tremendous costs would be the causes that might stagnate Germany’s goal towards 

CRISPR-Cas9 gene-editing technology. 
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10. Conclusion 

The scenario analysis carried out in accordance with the INKA software has 

resulted in a selection of three final scenarios. In case the first scenario is realized until 

2035, a harmonization of the underlying descriptors is necessary. This means that 

Germany must undergo various changes at the legal/political, ethical, scientific, 

economic, and social/demographic levels because these descriptors were determined 

as the most relevant by the authors. While it is likely to happen, as the analysis has 

shown, it is also possible that only a fraction of these descriptors may experience a 

partial or complete change until 2035. In reflection to the depicted scenario 1, scenario 

2 has been discussed. Future predictions and forecasts involve a high degree of 

uncertainty; therefore, a rather negative scenario outlook was deemed relevant to 

outline in which extreme directions the CRISPR-Cas9 technology can fluctuate.  

 

Overall, research and development in the longevity industry are rapidly advancing, 

and the industry receives growing attention globally. This workpiece highlights that 

Germany’s scientific sector may be well prepared to consider a therapeutic CRISPR-

Cas9 approach until 2035. However, the corporate and legal structures may lack 

support. Although these findings will possibly slow down the integration in Germany, 

the authors are confident that the medical benefits of the technology are going to 

outweigh the negative reputation affiliated with CRISPR-Cas9. Furthermore, newly 

arising longevity technologies bear the strong potential not only to prolong lives but 

also to create an extended life with higher quality of life, including lower risk of burden, 

impairment, or disease for humans. Consequently, the authors’ findings suggest that 

such technologies will become gradually more relevant in Germany and globally within 

the next years.  
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11. Limitations 

As with any project, there are limitations to the accuracy of the research. 

Limitations of the project include current situations and other factors unable to be 

planned for due to the nature of scenario projections, limited publication of research, 

subjective matrix rankings, and the project's scope.  

 

The first limitation is the nature of scenario projects. This paper aims to provide an 

accurate prediction of the state of longevity research in the medium term. Since 

predicting the future is inherently bound to have a significant margin of error, accuracy 

cannot be guaranteed. To make the forecasted scenarios, today's current research is 

considered, as are historical trends. This information feeds the input for the scenario 

builder. However, certain events cannot occur as planned. One example of this is the 

Covid-19 outbreak in early 2020 and still ongoing at writing this paper. Although not 

being a black swan event, it had a significant impact on the world in nearly every 

sector. One key example relevant is the impact on the pharmaceutical industry and, in 

particular public awareness. Medical advancements made have increased as mRNA 

technology has gained significant public knowledge. The same may occur for CRISPR 

technology in the future, catalyzed by another event we cannot predict or expect.  

 

CRISPR-Cas9 technology is still in its infant stages compared to other matured 

technologies. That is reflected on several occasions in this paper. Associated with 

such new technology is a lack of published research. The technology has not matured 

enough to be widely studied yet at a level that would improve our integration of the 

research.  

 

The scope of the project is another limitation. Longevity research does not include 

CRISPR-Cas9 technology alone. Many alternative technologies can be equally 

promising. However, due to the nature of this paper, not every technology can be 

integrated. Nevertheless, a complete Longevity Research Project that includes all 

leading longevity technologies would be a valuable future research component. 

 

Furthermore, this paper has had an exclusive focus on longevity research and 

integration in Germany alone. That is also a limitation to other countries. With different 
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regulations, they can have different future forecasts regarding the integration of 

CRISPR-Cas9 or other technologies.  

 

An additional limitation is the authors’ criteria for determining the relationship between 

descriptors. Each descriptor is placed in a matrix, where correlation is determined. 

That ranks from +3 to –3, with 0 being neutral. The method of determining the 

correlation was based on the author's research and is subjective. The current 

methodology used for determining this ranking was based on group consensus and 

justification based on previously published research.  
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Appendices 

Appendix A: Top 30 Anti-Aging Start-ups (Medical 

Startups, 2021) 

 

Anti – Aging 

Start-ups 

 

Country 

 

Funding 

Samumed USA $ 658 M 

Human Longevity USA $ 300 M 

Celularity  USA $ 290 M 

BlueRock 

Therapeutics 

USA $ 225 M 

Unity Biotechnology USA $ 208.3 M 

Juvenescence UK $ 162. 3 M 

Osiris Therapeutics USA $ 65 M 

ResTORbio USA $ 65 M 

Insilico Medicine Russia $ 51 M 

Alkahest USA $ 50 M 

Life Biosciences USA $ 50 M 

Calico USA $ 1.5 B 

Alzheon USA $ 37 M 

Neuraly USA $ 36 M 

Elvia USA $ 29 M 

Elysium Health USA $ 28.2 M 

Nuritas Ireland $ 23.9 M 

Bioquark USA  

Telomere Diagnostics USA  

Oisin Biotechnologies USA  

Advancells India  

Gero Singapur $ 5 M 
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BioViva USA  

ROKIT Healthcare South 

Korea 

 

Rejuvenate Bio USA  

Libella Gene 

Therapeutics 

USA  

Edifice Health USA  

Deep Longevity  USA  

Lifespan.io USA  

Ambrosia USA  
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Appendix B: The Business of Longevity 2019 

Obtained from: Longevity Industry 2020 by Dmitry Kaminskiy - Longevity Capital – First Global Longevity, Online 

conference (Kaminskiy, 2020) 

 

Obtained from: Longevity Industry 2020 by Dmitry Kaminskiy - Longevity Capital – First Global Longevity, Online 

conference (Kaminskiy, 2020) 
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Appendix C: List of Final Descriptors 

 

Descriptor Name International Scientific Collaboration 

Area of Influence Scientific 

 

Current Situation: 

 

Within the European Union, scientific cooperation 

remains one of the top priorities of the EU Commission 

(European Commission, n.d.). They have bilateral 

cooperation agreements on scientific Research with 

more than 20 countries and several regional dialogues 

to boost scientific cooperation internationally (KNAW, 

2014). 

 

Specification A 

Name Cooperation 

Description 

 

Scientific and research cooperation continues taking 

place as they are the most effective way to tackle 

challenges facing the global challenges, in this case, 

health. 

 

Reason 

 

It is not only the EU that is seeking international 

scientific collaboration in all areas (including CRISPR) 

technology through different programs, but so is the 

Word Health Organization, which due to the Covid-19 

pandemic, is promoting open science and reinforced 

cooperation initiatives (UNESCO, n.d.). 

 

Probability 

 

75% 
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Specification B 

Name No Cooperation 

Description 

 

The developments in CRISPR technology become 

protected by the countries' intellectual property that 

develops them, and the public research is kept secret 

for that country's benefit. 

 

Reason 

 

The race to become a scientific superpower, especially 

in the promising field of gene editing, can make 

countries like Japan, China, and the US keep their 

findings from themselves and thus participate in 

scientific nationalism. However, this is less likely due 

to the universal aspirations of scientific research, and 

due to not opening to others might mean that others 

will not open for that other country, hence lowering the 

validity of this scientific nationalism (Knoepfler, 2016). 

 

Probability 25% 

References 

 

European Comission. (n.d.). International cooperation. Retrieved from European 
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https://en.unesco.org/covid19/sciencesresponse/international-scientific-

cooperation 

 

 

 

 

Descriptor Name Competing technologies 

 

Area of Influence 

 

Scientific 

 

 

 

 

 

Current Situation: 

 

The longevity research sector is gaining importance in 

recent years. As a result, companies and institutions 

are investing more money in research in this field. This, 

in turn, means that several technologies are competing 

to see which is more versatile, cost-effective, and/or 

secure. Even though it is very like that most of the 

technologies would complement each other, once the 

field gets more mature, some technologies will become 

more used than the others  (Flora & Welcker, 2020). 

 

Specification A 

 

Name 

 

Remain 

 

Description 

 

The CRISPR Cas-9 technology remains as one of the 

most important gene-editing tools. 
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Reason 

One of the most important advantages of 

CRISPR/Cas9 over other genome editing technologies 

is its simplicity and efficiency. That reduces the cost 

and time needed to perform gene modifications. It is 

not difficult to assume that due to these advantages 

plus the versatility and flexibility of the technology and 

despite its limitations, the CRISPR Cas-9 technology 

will play a key role in the genome-editing field in the 

future (Ruby & Bermingham, 2018). 

 

Probability 80% 

Specification B 

Name Replaces 

 

Description 

 

Other gene-editing tools replace CRISPR Cas-9 due to 

the limitations and challenges it poses. 

 

 

 

 

 

 

Reason 

 

Despite the potential of the CRISPR Cas-9 technology, 

some concerns regarding its yet to be solved off-target 

mutations and the DNA repair mechanism once the 

Cas-9 protein cuts it may leave the door open for other 

technologies. These technologies include Lambda-red 

recombinase, Phage integrases, TAL deaminases, 

Chemical targeting (Chatsko, 2019). This specification 

has a lower probability because these applications 

have their own challenges too and the amount of 

research and money put on CRISPR overshadows 

theirs. 

 

 

Probability 

 

20% 
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Descriptor Name Safety and challenges 

Area of Influence Scientific 

 

 

 

 

 

Current Situation: 

Since its discovery as a genetic modification tool in 

2012, CRISPR Cas-9 has been praised for its 

efficiency, speed, simplicity, low cost and versatility to 

modify virtually any genetic material with applications 

that range from agriculture to therapeutics. In spite of 

all the buzz generated in these past years, the 

technology suffers from serious challenges that may 

hinder its future if they are not addressed. These 

challenges are mainly the off-target mutations, delivery 
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methods, PAM restrictions and DNA repair 

mechanisms (Stellos & Musunuru, 2019). 

Specification A 

Name Solve 

 

 

Description 

 

The scientific community can solve or at least partly 

solve the main challenges of the CRISPR tool within 

the time frame. 

 

 

 

 

 

 

 

 

Reason 

 

The remarkable number of companies, large and 

small, working to develop treatments for the CRISPR 

technology and the more than 14,000 papers related 

to these gene editing tools since inceptions 

demonstrate the economic and scientific interest in 

overcoming its challenges. There are advancements 

made in all of the main challenges, and the research 

continues.  In the case off-target mutations, new 

technology like target-specific DNA enrichment which 

allows to detect them in an extremely precise way 

(Kang et al., 2020). Moreover, other developments like 

the modifications of CRISPR enzymes and a second 

RNA guide to make it more precise, or CRISPR prime 

editing that besides and improved precision would 

allow the DNA to heal better. All these advancements 

and many other provide the right tools to solve the 

challenges CRISPR Cas-9 presents (GreyB, 2020). 

 

Probability 70% 

Specification B 

Name Unsolved 

 

Description 

 

The scientific community fails to solve the main 

challenges of the CRISPR tool within the time frame. 



What will the future of CRISPR-Cas9 in Germany will look like in 2035? |  57 

 

 

 

 

 

 

 

 

 

Reason 

 

In spite of the large amount of research and interest in 

the CRISPR Cas-9 technology, there is the possibility 

that the scientific challenges that it poses are either not 

solved or are solved but beyond the defined time 

period of this paper. Furthermore, there is a concern 

among some scientists that even the technology will 

not get precise enough to overcome the benefits of the 

disease, as a mutation in an unwanted place of the 

DNA could have fatal or long-lasting consequences. 

The issue with the time frame is that if there are no 

significant improvements in the coming years, the 

focus could be driven to other gene editing tools, which 

would lower the funding for CRISPR  (Licholai, 2018). 

 

Probability 30% 
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Descriptor Name Public Perception and Reception 

Area of Influence Social and Demographic 

Current Situation: 

 

The technology has not yet matured, and public 

knowledge of the technology is low. The general 

perception is positive, but rare but significant spikes of 

negativity decrease this perception (Muller et al. 2020). 

Social media and Hollywood blockbusters spread 

(occasionally) unrealistic potential or dangers of the 

technology. That educates people incorrectly and may 

influence implementation when the technology 

inevitably becomes mainstream.  

 

Specification A 

Name Positive Public Opinion on CRISPR and its Potential 

Description 

 

The general public favors the technology, and the 

concept are widely accepted as being credible. The 

general understanding is well developed, and there is 

public support for CRISPR. 

 

Reason 

 

Public education programs and promising scientific 

breakthroughs have given confidence to the public. 

The clear need for CRISPR is also becoming more 
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apparent. There are over 3000 gene-related, disease-

causing mutations (Cox et al., 2015). CRISPR is a 

gene-editing technology that can be applied to assist 

in eliminating such diseases, hence increasing the 

longevity of people. There is already functional testing 

of the CRISPR technology, which is showing the 

potential of the technology. Barrangou and Doudna 

(2016) suggest high potential studies which would 

"reduce immune barriers." That is a reference to the 

transplanting of organs in animals and possibly in 

future humans. The benefits of this technology are 

becoming more known each year, and positive 

outlooks like these will likely reach the public by 2035. 

The positivity of this technology will spread and create 

positive public opinion in favour of this technology, 

limited to life extension.  Due to the extremely high 

Potential of CRISPR, the probability of public support 

for this technology is ranked as being high. Potential 

threats will be ethical issues. 

 

Probability 70% 

Specification B 

Name CRISPR gains public negative reputation 

Description 

 

Controversial (and unsanctioned) developments of 

CRISPR can result in sanctions against the future 

development of the technology. That could hinder 

future development. 

 

Reason 

 

CRISPR is highly potent but also highly controversial. 

The reason being some scientists pursue the gene-

editing of babies (Hunt, 2020). One recent example is 
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the work of a Chinese scientist, He Jiankui. Jiankui 

leads unsanctioned research and claims to have 

developed the world's first gene-edited baby. The work 

ethics and the whole CRISPR technology have been 

highly controversial, both in the scientific field and on 

federal levels in multiple countries (Brokowski et al., 

2019). Multiple options are proposed to deal with 

legislation surrounding this. Cases like this can give 

the technology a negative reputation and may result in 

harsh legislation and negative public opinion, which 

would restrict the development of this technology and 

possibly hinder application in the longevity field. 

 

Probability 30% 
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Descriptor Name Evolution of aging demographics in 

Germany  

Area of Influence Social and Demographic 

Current Situation: 

The current demographic trend in Germany is that the 

population is aging. As a result, the population share 

of those aged 65 or above increases, whereas the 

younger generations, aged 0-14, make up a smaller 

proportion (Statistica, 2020). That is a trend that has 

been observed to happen over the last decade. 

Currently, the age group of 40-59 makes up 

approximately one-quarter of the population; this is 

expected to increase to one-third in the next ten years.  

 

Specification A 

Name 
Aging populations encourage age-related CRISPR 

developments 

Description 

 

Aging demographics increase demand for CRISPR 

developments 
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Reason 

 

The aging population of Germany puts pressure on the 

industry, which encourages age-related CRISPR 

developments. On the other hand, the demand outlook 

for successes of the technology is a motivator to 

increase research in the technology as it is expected 

many could benefit in the near future. 

 

Probability 

 

60% 

 

Specification B 

Name 
 Aging populations hinder age-related CRISPR 

developments 

Description 

 

Aging demographics slow down CRISPR 

developments. 

 

Reason 

 

The aging population may include a large portion of 

current CRISPR pioneers. If these key people age and 

lose effectiveness in the research field, this could 

hinder CRISPR development. 

 

Probability 40% 
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Descriptor Name Ethical aspects of Gene Editing 

Area of Influence Ethical 

Current Situation: 

 

The gene-editing technology can be applied in different 

areas. The majority widely approves the one to cure 

genetically determined, life-threatening diseases of 

scientists, and the general public is becoming more 

open to it. The current problem that still needs to be 

solved is making sure gene editing will not be used for 

unethical practices, and other further developments to 

minimize risks and maximize benefits are yet to be 

finalized. 

 

Specification A 

Name 
Editing embryos' genes can be the solution to curing 

life-threatening diseases 

Description 

 

Using CRISPR technology to cure genetic diseases is 

regarded as highly promising by scientists and the 

general public. It is easier to process and has a higher 

success rate compared to the other technologies. 

Therefore, it offers hope to society of bringing medical 

practices to a new level. 

 

Reason 

 A group of researchers led by Dr. Siwon Lee of Mount 

Sinai Medical Center in Miami Beach asked 587 

parents about their views on genome editing. Three-

quarters did not object to genome editing of embryos, 

and a majority said they would be interested in utilizing 

it for their own embryos "to improve the likelihood of 

having a child unaffected by a heritable, genetic 

mutation" (Begley, 2019). 
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However, Germany has remained more reluctant to be 

involved in genome editing. Perhaps it is the fear of 

repeating history that genome editing might lead to 

eugenics experiments like those during World War II 

(Dunphy et al., 2019). 

Therefore, we predict the probability to be 70%, lower 

than that in the United States. 

Probability 70% 

Specification B 

Name 

  

Editing embryos' genes and curing diseases are 

incompatible. 

 

Description 

 

Although a large majority sees the use of genome 

editing to reduce genetically determined diseases as 

appropriate, there are a small group of people who do 

not think germline editing will offer sufficient benefits 

that justify the potential disadvantages. 

 

Reason 

 

The biggest concern of using the CRISPR technology 

is the possibility of misusing genome editing; thus, 

further analysis and regulations will be required. 

In March 2019, the German Ethics Council released a 

report stating that "germline interventions currently too 

risky, but not ethically out of the question." The council, 

consisting of 26 ethicists, legal scholars, scientists, 

and other experts, agreed that although "the human 

germline is not inviolable," it is not "in principle, 

ethically reprehensible" to do so now. Further 

development and consideration regarding the 

following ethical concepts: human dignity, protection of 
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life and integrity, freedom, non-maleficence and 

beneficence, naturalness, justice, solidarity, and 

responsibility must be discussed (Deutscher Ethikrat, 

2019). 

 

Probability 

 

30% 
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Descriptor Name Acts of Religious Group 

Area of Influence Ethical 

Current Situation: 

 

Religious factors play an important role in affecting 

opinions about gene editing. According to an 

international survey from Pew Research Center, 

countries in Asia-Pacific with Hinduism, Buddhism, 

and Taoism, such as India, South Korea, Taiwan, and 

Singapore, are more approving gene editing in curing 

diseases. In contrast, Western countries with many 

Christians tend to be hesitant about gene-editing 

technologies like CRISPR. Among them, people who 

consider religion very important in their lives are even 

more disapproving of gene editing (Funk et al., 2020). 

 

Specification A 

Name 

 

 

Growing pressure on implementing the CRISPR 

technology 
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Description 

 

Religious groups and organizations regard gene 

editing technologies as "playing God," therefore, put 

pressure on the government and society in 

implementing the technology. 

 

Reason 

 

A survey on the attitudes in the United States towards 

gene editing shows that Americans are becoming 

more and more open to human genome editing. 

Almost 80% support using genome editing to enhance 

health. However, the survey also revealed that the 

acceptance of gene editing dropped to 50% among the 

religious group of people, meaning the religious factors 

indeed have a certain impact on CRISPR 

implementation (Cohen, 2017). 

Germany, as a country with a higher percentage of 

Christian and Catholics and focusing more on religious 

practices and traditions than the United States, the 

religious leaders and groups will probably have a more 

prominent voice in deciding the approval of CRISPR 

technology. 

 

Probability 60% 

Specification B 

Name 

 

Reduced pressure on implementing the CRISPR 

technology 

Description 

 

The religious groups' opinions and objections are 

insignificant or have little influence on implementing 

the technology. 
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Reason 

 

One of the biggest concerns for the religious groups on 

gene editing is the fear that it can be misused in 

creating human clones, designer babies, and 

eugenics. Therefore, the development of laws and 

regulations will be required to limit the CRISPR 

technology to curing genetically determined diseases. 

In addition, education and discussion should be 

encouraged for the religious people to understand 

better the benefits and positive Potential the CRISPR 

technology can bring to our society. 

 

Probability 40% 

References 

 

Cohen, J. (2017, August 10). Americans are becoming more open to human 

genome editing, survey finds, but concerns remain. American Association for the 

Advancement of Science. https://www.sciencemag.org/news/2017/08/americans-

are-becoming-more-open-human-genome-editing-survey-finds-concerns-remain 

 

Critchley, C., Nicol, D., Bruce, G., Walshe, J., Treleaven, T., & Tuch, B. (2019, 

January 9). Predicting Public Attitudes Toward Gene Editing of Germlines: The 

Impact of Moral and Hereditary Concern in Human and Animal Applications. 

NCBI. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6334182/ 

 

 

Funk, C., Tyson, A., Kennedy, B., & Johnson, C. (2020, December 10). 

Biotechnology Research Viewed With Caution Globally, but Most Support Gene 

Editing for Babies To Treat Disease. Pew Research Center. 

https://www.pewresearch.org/science/2020/12/10/biotechnology-research-

viewed-with-caution-globally-but-most-support-gene-editing-for-babies-to-treat-

disease/ 

 



What will the future of CRISPR-Cas9 in Germany will look like in 2035? |  69 

 

 

 

 

Descriptor Name Legal Framework in Germany 

Area of Influence Legal / Political 

Current Situation: 

 

Scientific and medical research projects and 

experiments regarding the CRISPR-Cas9 technology 

are facing solid restrictions by German law. The 

current status quo is governed by the first article of 

the German Constitution: “Human dignity above 

everything else.” Gene editing is almost entirely 

banned in Germany; other relevant legal frameworks 

are The German "Act for Protection of Embryos." The 

framework was enacted in 1990 and governs gene 

editing as follows in Section 5 ("Artificial alteration of 

human germline cells"): 

 

§1     Anyone who artificially alters the genetic 
information of a human germline cell 
will be punished with imprisonment up 
to five years or a fine. 

 

§2       Likewise, anyone will be punished who 
uses a human germ cell with artificially 
altered genetic information for 
fertilization. (Rixen, 2018, p.24) 

  

Although any alteration is generally prohibited, there 

are some exemptions, as §4 indicates: 

  

§4 implies that §1 does not apply to:  

 

1. an artificial alteration of the genetic 
information of a germ cell situated outside the 
body, if any use of it for fertilization has been 
ruled out, 
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2. an artificial alteration of the genetic 
information of a different body's germline cell 
that has been removed from a dead embryo, 
from a human being, or from a deceased 
person if it has ruled out that 
a) they will be transferred to an embryo, fetus, 
or human being or 
b) a germ cell will originate from them, and 
likewise 
 

3.inoculation, radiation, chemotherapeutic, or 
other treatment by which an alteration of the 
genetic information of germline cells is not 
intended. (Rixen, 2018, p.24) 
  

According to Rixen (2018), German legislators 

attempted to balance the 'pro-life' position, implying 

the extension to very early forms of human lives 

(endowed with the human dignity principle of the 

German Constitution), with the interests of the 

scientific and medical research position. The latter, 

however, is very much restricted compared to 

colleagues on an international scale.  

Specification A 

Name Liberal reform 

Description 

 

German legislators are convinced that current laws 

need a reform toward a more liberal approach, i.e., 

amend laws regarding gene editing, compete on an 

international scale, and conduct research and 

experiments in Germany. 

 

Reason 

Germany's legal landscape prohibits nearly all gene-

editing activity and research. The current laws bear 

the risk of hindering innovation in the sense that 

promising gene-editing technologies, such as 

CRISPR-Cas9, cannot develop their full potential. 
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German biotech and pharmaceutical corporations 

may find themselves in a competitively 

disadvantageous situation or simply produce and 

market CRISPR-Cas9 products in countries where 

current laws are more liberated. Equally important 

are the laws regarding scientific research. A pool of 

researchers, such as the German National Academy 

of Sciences Leopoldina, published various papers in 

this field of particular interest, is a publication 

regarding the legal assessment of genome editing in 

research on human cells. The academy implies a 

need for "a renewed and differentiated debate" on the 

Act for Protection of Embryos. The researchers 

advocate for further development of the existing 

German legislation because Germany could "not only 

participate in the relevant international research itself 

but also to take an active part in shaping the 

international legal and ethical environment for this 

research field and thus in developing new forms of 

treatment for genetic diseases" (Bonas et al., 2017, 

p.26). The publication by the National Academy 

Leopoldina is deemed highly relevant – German 

legislators and politicians often follow the policy 

advice suggested by the academy of interdisciplinary 

researchers. 

Additionally, Germany has one of the most restrictive 

legislations, and many researchers are calling for 

reform because the Act for Protection of Embryos 

from 1990 is relatively outdated and no longer 

applicable to present technologies and research in 

the field. Germany follows a somewhat restrictive 

legislative approach in a European comparison, 

whereas other European countries, such as Spain 
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and the United Kingdom, are considerably 

permissive. To foster international or EU-wide 

research cooperation, the European states are 

suggested to even out their laws (Vergallo, 2021, 

p.24). Currently, the only document governing gene 

editing is the Convention on Human Rights and 

Biomedicine (widely known as Oviedo Convention) of 

the Council of Europe (1997). Article 18 of the Oviedo 

Convention prohibits the creation of human embryos 

for research purposes. The convention needs to be 

ratified into the national jurisdictions of each member 

state to be legally binding. The countries that ratified 

this document are bound to maintain the ban. 

Although Germany never signed the convention, 

action on the EU level is required and expected 

(Asquer & Krachkovskaya, 2020; De Wert et al., 

2018).  In addition, Rixen (2018) recommends a shift 

toward a more liberal legal framework comparable to 

the UK approach in his analysis Genome Editing and 

the Law – Some Remarks on Current Legal 

Challenges of CRISPR-Cas9. As an expert in the 

field, he is "convinced that, in the years to come, we 

will witness a re-interpretation, or an amendment, of 

the German Act on the Protection of Embryos" 

(Rixen, 2018, p. 26).  

Probability 70% 

Specification B 

Name Restrictive or no reform 

Description 

 

The status quo in Germany remains, and current 

laws regarding gene editing are maintained or even 
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restricted further. No liberations of existing laws are 

foreseeable in the future. 

 

Reason 

 

The current laws governing gene editing have 

remained in place for over 30 years. Gene editing 

technologies, such as CRISPR-Cas9, have gained 

increasing relevance; however, German lawmakers 

have a cautious attitude toward the matter – ethical 

concerns and Germany's historical past may 

overshadow and suppress legal action. According to 

the German Ethics Council, "the hesitant attitude of 

policymakers towards genome editing might also 

stem from the experience in 2003 involving the failed 

efforts to globally outlaw reproductive cloning in a 

binding convention under international law" 

(Deutscher Ethikrat,2017, p.4).  

Furthermore, an article in a leading German medical 

journal discusses the future of gene editing and 

concludes that technologies, such as CRISPR-Cas9, 

bear a significant potential, however safety concerns 

and uncontrollable off-target effects cannot be ruled 

out yet (Gießelmann & Richter-Kuhlmann, 2018). In 

case that researchers cannot disclaim safety 

concerns and remove the uncertainty inherent with 

the technology, legislators may leave current laws 

unchanged or even restrict the access and use of 

CRISPR-Cas9 further.  

 

Probability 
 

30% 
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Descriptor Name International Political Landscape 

Area of Influence Legal / Political 

Current Situation: 

 

The recent CRISPR-Cas9 experiments on embryos 

carried out by a Chinese scientist polarized an uproar 

among politicians globally. Some see a potential 

biomedical duel between China and the US in this 

regard (Cyranoski, 2016). The experiments resulted in 

heated discussions among politicians and raised the 

question of to what extent an internationally binding 

framework shall be supported and passed. The 

international political community is required to be in 

consonance to encourage or restrain the technological 

breakthrough of gene editing, particularly CRISPR-

Cas9. These decisions are likely going to impact the 

future of CRISPR-Cas9 in Germany. 

 

Specification A 

Name 
Encourages CRISPR-Cas9 technological 

breakthrough  

Description 

 

International collaboration and encouragement for the 

breakthrough of the CRISPR-Cas9 technology are 

generated. The ongoing assessment of the technology 

specifies the relationships among all global 

stakeholders involved from oversight of scientists, 

clinical application, and commercialisation. A global 
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goal is formulated by the political community based on 

solidarity and responsibility in research for treating 

CRISPR-Cas9 as a public good without access 

restrictions. Political leaders cooperate and support 

the application of CRISPR for medical purposes.  

 

Reason 

 

To bypass political disputes and to monitor access and 

conduct experiments, international collaboration is 

needed to foster transparency and optimization of the 

technology. Global collaboration is likely to happen in 

a globalized economy, and the applications of 

CRISPR-Cas9 require harmonized homogenous 

guidelines and regulations. Global summits regarding 

the issues of gene editing have already taken place 

and are likely to be continued in the future in light of 

working toward a global solution (Reardon, 2015). First 

collaborative initiatives are also visible, as De Lecuona 

et al. pointed out by highlighting the Bioethics and Law 

Observatory research. The observatory reveals that an 

inclusive, global debate for gene modifications is 

needed (2017, p.680).  As Zhang et al. (2020) 

assessed CRISPR-Cas9 regulatory frameworks 

globally and drew the conclusions that:  

 

In many countries, biotechnology policies are 
outdated, and even the policies for genome 
editing, specially CRISPR-Cas applications for 
clinical, reproductive, and agricultural purposes, 
are poorly discussed. Therefore, a more 
deliberative and global discussion is needed to 
reconsider and reframe existing ethical 
guidelines and regulatory policies to develop 
more scientific and technical worldwide criteria 
for genome editing with CRISPR-Cas system. 
(p.1665) 
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Probability 
 

80% 

Specification B 

Name 

 

Hinders CRISPR-Cas9 technological breakthrough 

 

Description 

 

Politicians on a global scale cannot find common 

ground and refuse to collaborate. Thus, the race for a 

technological breakthrough is determined on a national 

level, i.e., protectionist attitudes rather than 

collaborative efforts regarding CRISPR-Cas9 can be 

observed. 

 

Reason 

 

The technology is still in its infancy, and safety and 

ethical or legal concerns cannot be ignored. In 

addition, the use of CRISPR may pose threats to 

international security (Kosal, 2020). Furthermore, 

politicians may act in a rather ‘protectionist’ way, large 

nations like China and the US aim to win the race of 

the underlying technology (Scott & Selin, 2019) and 

may decide not to collaborate with each other or 

Germany. Therefore, the technology does not receive 

further encouraging considerations in international 

political arenas. 

 

Probability 20% 
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Descriptor Name Funding 

Area of Influence Economic 

Current Situation: 

 

A series of mergers and acquisitions and significant 

investments by pharma companies have seen a surge 

in the gene therapy sector during the last years. 

 

For example, in 2015, the German pharmaceutical 

company Bayer decided to invest $ 335 million in a 

long-term alliance with CRISPR Therapeutics. 

Through this investment, these companies established 

Bayer LifeScience Center, whose aim is "..to discover, 
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develop, and commercialize new innovative therapies 

to cure blood disorders, blindness, and congenital 

heart disease" (CRISPR Therapeutics, 2015). 

 

In 2016, the also German company Merck and Co. 

signed collaboration agreements with EVOTEC AG, 

recognized for its disease detection capabilities. This 

agreement had the purpose of developing new drugs. 

Three years later, Merck signed a license agreement, 

which gives EVOTEC access to the intellectual 

property of CRISPR to create edited cell lines for 

commercial and internal research purposes (Merck 

Group, 2019). 

 

In 2017, CureVac partnered with Crispr Therapeutics 

and Bayer to explore how messenger RNA (mRNA) 

can work alongside CRISPR  (Coester, 2017). 

Following that line, two specifications could affect the 

future of CRISPR technology. 

 

 

Specification A 

Name Increased Funding 

Description 

 

In the coming years, both public and private 

investment will continue to increase. 

 

Reason 

 

As investments increase, the industry will continue to 

grow. Therefore, it is expected that in the coming 

years, specialized stock exchanges or even markets 
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for financial instruments based on Longevity 

companies will appear  (Colangelo, 2019). 

 

Probability 

 

75% 

 

Specification B 

Name Stagnated or decreased 

Description 

 

Investments stagnate or even decline. 

 

Reason 

 

The development and success of CRISPR technology 

depend on the public, the government, and the medical 

community's acceptance. However, public attitudes 

could be influenced by issues such as safety and 

ethics. That could result in higher government 

regulations and higher requirements (Lehot, 2020). 

Therefore, all of these barriers could lead to stagnant 

investments. 

 

Probability 

 

25% 
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Descriptor Name Degree of Insurance Coverage 

Area of Influence Economic 

Current Situation: 

 

Currently, health insurance does not cover this 

type of treatment. However, this situation is 

expected to change in the short term. For 

example, the German Private health insurance 

PKV indicates that they are willing to cover gene-

editing treatments (Ärzte Zeitung, 2020). 

 

Specification A 

Name Fully Covered 

Description Insurers will fully cover gene-editing treatments 

Reason 

 

Over the years, it has been seen how therapies 

have reduced their costs substantially. So, if gene 

editing therapies with CRISPR-Cas 9 technology 

have a lower cost, it opens up the possibility that 

insurers have no problem covering these costs. 

 

Probability 30% 

Specification B 

Name Partly Covered 

Description Insurers will cover treatments partly. 

Reason 

The executive director of the company 

Enlightenment Bioconsultant, Edmund Pezalla, 

mentions that insurers usually cover therapies 

that benefit the most significant number of people 

(Pekies, 2018).  For that reason, to cover 100% 

of the costs of these treatments, their 

effectiveness must be ensured, which will take 

longer. In this sense, by 2035, insurers may only 

partially cover. 
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Probability 60% 

Specification C 

Name Not Covered 

Description Insures will not cover any treatment. 

Reason 

 

If gene-editing treatments are costly and the 

necessary evidence is not available to 

demonstrate their effectiveness in humans. 

Insurers will not agree to cover these therapies. 

 

Probability 10% 
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Appendix D: Consistency Matrix 
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Appendix E: Differences between scenarios 

 

 

 

 

  


