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Should genetic engineering in the embryonic phase be allowed by law?

March, 24  2002


By Christian Hopp and Udo Koenighaus

     Over the last 18 years, the technology of genetic engineering has been used with increasing efficiency to alter the embryonic genomes of a variety of mammalian species -- including mice, pigs, and sheep -- in an increasingly sophisticated manner. Until recently, however, the possibility that this technology might be applied to human embryos was not given serious consideration by most scientists.  

However the past years have shown us, that we are moving step by step in the direction where scientist will be able to reproduce Human DNS and that this will yield the possibility of the use of genetic engineering in the form of a pre-birth selection process for human beings.

     The question that we are attempting to address is, should it be allowed by state law to take use of genetic engineering in the pre-birth phase?  In addition to addressing the question itself, we have attempted to identify and evaluate the decision-making criteria and how relative influences of these criteria affect the decision.  The difficulty in developing a final answer with regard to genetic engineering is that the criteria used in the decision making process are relatively subjective.  Different societies and people have varying opinions (whether independent or influenced by religious or ethical beliefs) based on their personal beliefs.  Since personal beliefs are as varied as the individuals that have them, a general consensus of the subjective factors used in determining the best decision is difficult.  

Introduction:

     As long as science exists there has been the widespread dream of reproducing human DNS and the wish to create life from the hand of human beings itself. However, there were three levels of technical problems that seemed insurmountable. 

     First, the technology was extremely inefficient, with success rates typically less than 50% (in terms of the fraction of animals born with the intended modification). Second, the application of the technology was associated with a high risk of newly induced mutations. Finally, there was -- and still is -- a general sense that genetic engineering can never be performed on people because of the possibility that a particular modification might have unanticipated negative side effects. The existence of any one of these problems alone would be sufficient to categorize human genetic engineering as unethical and unallowable. As we approach the new millennium, the technological landscape has changed drastically. It now seems likely that all three of these technical problems could be overcome. With powerful new genetic modification and screening technologies, it will soon become possible to pre-select only those genetically engineered embryos in which the desired genetic change has been implemented without any damage to the pre-existing genome. This technical advance could eliminate the first and second problems associated with genetic engineering. 

     When we overcome the problems associated with genetic engineering, we will still be left with some question we have to answer as a society with regard to genetic engineering.

     All modern democratic societies must balance the opposing political aims of individual autonomy and social justice. In the United States, individual autonomy is of paramount importance. It is generally accepted that parents can spend their own money to provide their children with advantages in healthcare, education, and social status although this clearly puts children of less affluent parents at a disadvantage. If a society allows parents to buy their children environmental advantages, it has no logical basis for banning genetic enhancements. Americans would respond to any attempt at a ban with the question: “Why can't I give my children genes that other children get naturally?” 

     In most Western countries other than the U.S., social justice plays a much larger role in politics and law. European countries try to achieve social justice by providing equivalent healthcare and educational opportunities to all children, irrespective of the affluence of their parents. From this point of view, genetic enhancements might seem immoral because they are unfair to those children who did not receive them. There is a biological flaw with the fairness argument and it is this: children are not biologically equivalent. Today, everyone is born naturally with advantages or disadvantages across a whole range of health and physical characteristics as well as innate abilities. Life is not fair. In the future, the critical question will be who decides how these advantages and disadvantages are distributed? Should the decision be left to the randomness of nature, as it is now? Should it be determined by the affluence of the parents? Or should it be controlled by the state? 

     Who decides which child will get the HIV resistance gene, and which child will have the potential for a long life span? There may come a time in the future when by not making a decision, an individual or society actually is making a decision in favor of randomness. In contrast, based on the desire of a European-style social democracy to protect its citizens, it is possible to argue that genetic enhancement of basic physical and health characteristics will become a positive responsibility of the state, just as childhood vaccination is today

     Unfortunately, the provision and regulation of genetic enhancement technology will not be easy. For unlike healthcare, there is no limit to how far you can go with genetic enhancement. There can always be greater resistance to the ravages of old age, greater longevity, greater physical prowess, and greater capacity for long-term memory.

     Furthermore, the desire to advantage one's child is extremely powerful, and if one society bans or limits the use of genetic enhancement, affluent citizens will be able to obtain it elsewhere.

     In this study we have attempted to capture the criteria that ultimately influences a society’s (or personal) beliefs as well as the economic impact of genetic engineering. These criteria were used to evaluate 3 alternatives to the use of genetic engineering.  The alternatives include, two different levels of genetic engineering as well as the alternative not to allow genetic engineering in our society.

     The first alternative would be to allow genetic changes that have not appeared previously within the human population, which means that scientist will take over the evolution process in their research labs.

     The second alternative will be in the form that we would allow genetic engineering to the extent that genetic changes on embryos would take place to prevent a child to be born with genetic defects.

     And as a last alternative we included the option to leave the entire system as it is, i.e. we would not allow genetic engineering on embryos. 

The Model:

     The AHP model is used in this study to determine which is the best alternative for the use of genetic engineering.  The AHP model rates established criteria against each other within the context of their overall benefits, opportunities, costs and risks (BOCR) of each of the decision alternatives.  The first task in completing the model is to establish BOCR rankings.  These ranking represent the overall weight of the BOCR elements with respect 

to making the decision.  That is to establish which of the BOCR elements is most influential in deciding if genetic engineering should be allowed.  Once we established these rankings, influential criteria were established with each of the BOCR elements.  Criteria in this study focused on the economic, social and individual influences of each of the BOCR elements.  Criteria where further broken down into sub-criteria that ultimately influence each criterion.  At the lowest level, each of the sub-criteria were compared with each of the 3 alternatives to establish the relative weight of each sub-criteria (and subsequently criteria) in the decision making process.  The model uses these weighted rankings to establish which of the alternative is most appropriate based on a comparison of decision-making criteria.  The following sections illustrates the criteria used in model and presents the methodologies used throughout the decision making process.

BOCR Ratings:

     In determining the BOCR merits we attempted to ask what the overall weight of Benefits, Opportunities, Costs and Risks (BOCR) were to the question of should genetic engineering be allow by law?  The assessment to determine the BOCR merits included four main criteria with respect to the Goal.  In developing the criteria to be used we tried to rate criteria that would have an effect on all of the BOCR elements.  However we realized that for this particular question that was not possible.  The question we are asking is so “cut and dry” in nature that we decided to try and develop criteria that broadly represented all of the factures and elements that would ultimately effect the decision.  Also we wanted to make sure that all off the BOCR elements were represented in equal proportion by each selected criteria.   

· The sub criteria of beliefs were included to capture the moral and spiritual implications of making this decision.  Ethical and religious aspects, as well as the criterion of a free decision further defined this criterion for every human being. We wanted to acknowledge the fact that every person has some religious and ethical beliefs that have to be taken in consideration in order to come up with a decision model.  

· The equality aspect of our decision making process was represented by two points. Here defined the two sub criteria equality of treatment and equality of opportunities, as the decision making model should acknowledge the fact that the equality of every human being is influenced by such a decision we are evaluating.

· The third criteria used in the BOCR rating are sub criteria of survival.  The decision whether genetic engineering should be allowed or not is reflected in the chances for survival for every human being, therefore we decided to include this point with regard to our BOCR ratings.

· The final criteria represent the affect the decision would have on the natural equilibrium.  More specifically we were concerned that genetic engineering could have negative influences on the natural equilibrium.  Therefore we wanted to include this point in our BOCR Ratings as it represents a major issue with regard to our decision

     The figure presented below illustrates the criteria and sub-criteria used on the BOCR rating process.
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     Following establishment of the BOCR rating criteria we made ratings based assigned priorities.  Each of these priorities was given a numerical priority.  Each of the BOCR elements where rated against the rating criteria.  By making these ranking the program calculated the overall ratings for each of BOCR elements. 

     The following figure depicts the ratings of the BOCR against the rating criteria, which are the strategic sub criteria.
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     Using the Ratings system, we determined that in the decision making process, Benefits weighed 0.143, Opportunities weighed 0.181, Costs weighed 0.199 and Risks weighed 0.473.  

     Thus, we found that Risks was the most important criteria in this decision, followed by Costs, then Opportunities and finally Benefits. This may look as if Risks are probably overweighed, but for a very sensitive topic like genetic engineering this outcome can be justified. The ratings simply reflect the fact that with the technology of genetic engineering, humans are able to influence evolution in a way that was never seen before. And every life on this planet finally depends on evolution and how the evolution process develops over time. It is almost impossible to predict the effects of genetic engineering. Therefore, a mistake or aberration may cause such harm to the evolution, nature and humans that Risks are the major factor in this decision process.

Creating the Model:

     Within the Super Decisions Program, our model was set up as follows:

The Goal was to determine if law should allow genetic engineering.   
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     Our three Alternatives were as follows: 

1) Explore all possibilities of genetic engineering 

2) Genetic engineering only to heal genetic defects 

3) No genetic engineering  

Criteria Descriptions:

Benefits: e.g. Individual subnet
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     The criteria selected under Benefits were Society, Individual and Economic.  Under Individual, the Sub-criteria were children and parents.  This sub-criterion was made up of several important factors dealing with how individuals viewed the issue of genetic engineering.  Several important issues have to be taken in consideration for parents on the one hand and children on the other hand. We have chosen those two main categories in order to weigh the benefits for the individuals that are impacted by the decision to allow genetic engineering.

     The Society criterion had two sub criteria. First of all we decided to take in consideration medical benefits that might arise from the decision to allow genetic engineering and secondly we have to look at possible benefits in the field of scientific benefits that might affect the society.

     The Economic Criterion had only one sub cluster in which we included the possible benefits that might occur for the economic environment related to the decision to allow genetic engineering.

     We have only taken one sub criterion as we thought that it would not make any sense to divide all those criteria into more clusters. The cluster economic benefits includes therefore all benefits that we thought that might have an impact on our economic systems.

Opportunities: e.g. Economic subnet
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     Under the Opportunities, the criteria selected were Economic, Society and Individual.  Under economic opportunities, the prospect of the genesis of new markets and all their related impacts can generate opportunities for the community. Therefore we built one cluster in which we represented the economic benefits that might arise with regard to genetic engineering. Under the sub-criterion Individual we take into account important factors that influences the decision with regard to both parties that are influenced on an individual level; parents an children. Last but not least we have focused on the society part, in which we included the sub criteria sophistication of abilities in order to show how big the impact of better skills and abilities can be on the society and we included other criteria that might also have a big influence on the society as well, which are for example higher chances for all human beings and an ongoing prosperity for the society.

Costs: e.g. Society subnet
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     Costs are a key factor in any decision, as they are in this one. We have divided our costs in two sub criteria individual and society as we can attribute the cost to different groups.

     First of all there are costs related to the children’s parents, as they have to bring up the money upfront for genetic engineering and also later for insurance costs.

     Secondly the costs can also be attributed to the society, as it also has to bring up money on order to support the decision of genetic engineering.

     We divided the society criteria in three sub criteria, as the impact on the society can be measured in different sections of society. The first one is an impact on the society itself, which means the costs that cannot directly be traced to the government, the companies or the individuals. Here we can find costs like the enlightenment campaigns.

     Secondly we can find the costs associated with the government, as we can costs for the political systems related to initiatives and the laws as well as monitoring processes.

     The last category we have taken in consideration is the economic perspective as we also have costs that can be traced to companies like R&D expenditures for example.

Risks: e.g. Society subnet
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     The Risks involved in this decision are the most crucial and important part.  Under Risks Criteria we also have Individual and Social Factors.  First of all risk is associated on an individual level with regard to parents and children as both of them are faced with the possible threats that might arise from genetic engineering.

     The next part we have to look at it the impact on the society, where we can divide the overall criteria into cub criteria, which helps us to better understand the impact in every part of our society.

     One crucial part of our society is the impact on our ethical and religious beliefs. Genetic engineering represents a major threat for our beliefs and poses all these values at risk. Therefore we have to included the ethical perspective in our decision making model.

Moreover genetic engineering has a big impact on the scientific as well as on the medical perspective and also represent a big threat with regard to functionality and gene transfers.

     Additionally we included the sub criteria with regard to political influence and ecological reasoning in our model, as genetic engineering has not only an impact on individuals but also influences the economic stability and the natural equilibrium.

Overall outcome:

     In this sections results for each of the BOCR networks will be shown as well as the final overall outcome. To obtain the overall outcome pair wise comparisons was done in each sub network.

The next table pictures the outcome for the Benefits network.

	Benefits network         -         Alternatives
	Ideals
	Normals
	Ranking

	1 Explore all possibilities of genetic engineering
	1.0000
	0.6058
	1

	2 Genetic engineering only to heal genetic defects
	0.5290
	0.3204
	2

	3 No genetic engineering
	0.1216
	0.0736
	3


     Clearly the first alternative is the best one in the Benefits network, whereas the third alternative receives only a very low value, which is logical if the question is whether genetic engineering should be allowed or not. The second alternative ranks in the middle.

After this a look at the Opportunities network results.

	Opportunities network         -         Alternatives
	Ideals
	Normals
	Ranking

	1 Explore all possibilities of genetic engineering
	1.0000
	0.6308
	1

	2 Genetic engineering only to heal genetic defects
	0.3945
	0.2488
	2

	3 No genetic engineering
	0.1906
	0.1202
	3


     The ending is almost the same as in the Benefits network. This seems also to be reasonable. Benefits are rather short time oriented and show what appears to be possible in the foreseeable future and Opportunities tend to be more long-term oriented and target at what potentially can be possible.

The findings change in the Costs network.

	Costs network         -         Alternatives
	Ideals
	Normals
	Ranking

	1 Explore all possibilities of genetic engineering
	1.0000
	0.5826
	1

	2 Genetic engineering only to heal genetic defects
	0.4455
	0.2595
	2

	3 No genetic engineering
	0.2709
	0.1578
	3


     The first alternative again ranks highest, but in this case it means that this alternative is the most costly and thus the least preferred. The third alternative ranks best, followed with some distance by the second.

The rankings for the last of the BOCR networks, the Risks network, can be seen in this table.

	Risks network         -         Alternatives
	Ideals
	Normals
	Ranking

	1 Explore all possibilities of genetic engineering
	1.0000
	0.6684
	1

	2 Genetic engineering only to heal genetic defects
	0.3416
	0.2283
	2

	3 No genetic engineering
	0.1544
	0.1032
	3


     Again the first alternative is the most risky one, followed by the second and the third one is the alternative with the lowest risk.

Finally the overall outcome:

	Overall outcome         -         Alternatives
	Ideals
	Normals
	Ranking

	1 Explore all possibilities of genetic engineering
	0.5562
	0.2212
	1

	2 Genetic engineering only to heal genetic defects
	0.9577
	0.3809
	2

	3 No genetic engineering
	1.0000
	0.3977
	3


     The results for the overall outcome are very interesting. Alternative one – Explore all possibilities of genetic engineering – is definitely the least preferred one. The third option – No genetic engineering – is the answer to the question if law should allow genetic engineering. The second one ranks only slightly behind the third alternative which leads to speculations if the outcome will change when the ratings of the BOCR merits varies. This question will be answered in the next section.

     Alternative three offers the lowest Benefits and Opportunities, but has also the lowest Costs and Risks. As mentioned in the ratings of the BOCR merits, Risks is the most important factor and mainly determines the outcome. According to this result law should not allow genetic engineering, because the risks of causing aberrations in the equilibrium of evolution are very high. 

     Although alternative two - Genetic engineering only to heal genetic defects – ranks very close to the best alternative, it can be questioned if this alternative can be used – independently from the results of the sensitivity analysis. History shows that once a technological possibility was available to mankind it was used. If the technology for alternative two is fully developed, there might be a strong tendency to use it for other situations than only to heal genetic defects. 

     Of course other decision makers will have other opinions about certain aspects of this whole network, therefore it is time to do a sensitivity analysis, which means to look whether there’s a change in the priority of the alternatives if the importance of a certain criterion is changed.

     One can already infer from the tables that there might be changes as “No engineering” is the best alternative only in the Costs- and Risks-merit. When looking at Benefits or Opportunities it is the worst alternative.

     We have to conduct sensitivity analyses in order to find out what happens to the decision if the relative importance of the four merits or the 12 strategic criteria changes.

Merit Sensitivity Analyses:

The following graph displays the sensitivity analysis for Benefits:
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Sensitivity Analysis: Benefits

     This Benefits sensitivity-analysis shows us that Genetic engineering to heal defects gets the best alternative, if the priority for benefits is higher than 0.2. The same applies the alternative Explore all possibilities of genetic engineering, if the priority for Benefits is higher than 0.42.

     When looking at the sensitivity-analysis for Opportunities (the figure below) we get similar results:

     The second alternative gets the best one, if the priority for Opportunities exceeds 0.29, and over 0.42 the first alternative will be the most preferred.

[image: image9.png]Sensitivity analysis for Super Decisions Main Windos 10| ],

Fie Edt Hep

o |-

09

08

07

05

04

03

01
01 02 03 04 05 08 07 08 03 1

1 Explore all possiilliss of genetical engineering 3 =
2 Genetical nginesiing iy o heal genetic defects 1
3MNo genetical enginesring 2

Frirty: Opportuniies _ [0252105264474





Sensitivity Analysis: Opportunities

     Only when the priority of Costs becomes smaller than 0.05 (others held constant) then Genetic engineering to heal defects becomes superior to No engineering:
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Sensitivity Analysis: Costs

     As one attributes less and less value to Risks (specifically a priority under 0.39), the best decision changes from No engineering to Engineering to heal genetic defects, and finally with a priority of 0.19 or lower to Explore all possibilities of genetic engineering:
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Sensitivity Analysis: Risks

Summary:

     The most important merit in this model is the Risks merit. The sensitivity analysis shows that the decision may change if risks play a minor role. This means, if humans were able to determine the outcome of Genetic engineering to heal genetic defects, risk would be reduced and this alternative could be chosen. Despite this finding it has to be pointed out that the danger of misuse of this technology can be highly risky.

Conclusions:

     Our decision-making process results in No engineering as the best alternative.  It ranked first with an overall priority of 0.3994, followed by Genetic engineering to heal genetic defects at 0.3815, and finally the Exploration of all possibilities of genetic engineering at 0.2190.  

     This decision has been debated for years and will continue to create controversy.  Part of the reason that there is no clear-cut answer to the question, is that some of the factors involved in the decision making process are very subjective. Especially all the strategic factors are elements that generate very different responses among people. This model attempted to take many of these factors into consideration.  In addition, we used more tangible issues such as costs involved in each of the outcomes. We want to point out one factor that seems to be important throughout the whole decision process. If there is one factor that one can take for granted, than this factor would be “uncertainty”. Nobody knows exactly what may happen if genetic engineering is allowed. This in turn leads to a relative high priority for the Risks merit.

     While this debate does not end here, we feel comfortable in the fact that we took into account most factors involved in this decision making process. We would send our results to all states that seem to have the capability to do genetic engineering and we would hope that these results will lead those states who support genetic engineering strongly, to reevaluate the elements involved in their decision.







