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Abstract Several have argued that the aims of scientific research are not always

independent of social and ethical values. Yet this is often assumed only to have

implications for decisions about what is studied, or which research projects are

funded, and not for methodological decisions or standards of evidence. Using the

case of the recently developed HPV vaccines, we argue that the social aims of

research can also play important roles in justifying decisions about (1) how research

problems are defined in drug development, (2) evidentiary standards used in testing

drug ‘‘success’’, and (3) clinical trial methodology. As a result, attending to the

social aims at stake in particular research contexts will produce more rational

methodological decisions as well as more socially relevant science.
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Introduction

There is growing consensus that the aims of science often depend on social aims

(Kitcher 2001; Solomon 2001; Longino 2002; Kourany 2003). Kitcher has argued

that the main goal of science is not merely to discover truths about the world, but

particularly significant truths, which are determined by human values and interests

(Kitcher 2001, 44). Yet some assume that this only has implications for which

research programs to pursue or prioritize and does not affect scientific methodology

or standards of evidence. For example, Kitcher (2001) focuses only on how to

democratize decisions about research priorities. Similarly, Solomon (2001) is
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concerned with promoting a fairer distribution of research resources and effort

among empirically adequate research programs that are driven by different values

and interests. This assumption reinforces the position that values may play a

legitimate role in the context of discovery, but not in the context of justification.

We argue that when the aims of research depend on social values, such values not

only have implications for research priorities but also help justify methodological

decisions and standards of evidence. Using the case of the recently developed

human papillomavirus (HPV) vaccines, we show that social, as well as epistemic,

aims of the research play an important role in methodological decision-making

during basic research and in the design and execution of clinical trials. In examining

the development of HPV vaccines, we show that the justification for a variety of

methodological and evidentiary decisions depends partly on the extent to which they

promote the social aims of the research. In the final section, we draw out the

normative implications this has for research practices.

The case of the HPV vaccine

HPV, estimated to be the most common sexually transmitted infection worldwide,

affects approximately 20 million people in the United States and 6.2 million are

newly infected each year (Dunne and Markowitz 2006). Worldwide, genital HPV

infection affects 440 million people (WHO 2008).

There are over 100 HPV types, which are classified as ‘‘high-risk’’ and ‘‘low-risk’’

according to the likelihood of developing cancer after infection (WHO 2008).

Although in most cases HPV infection is transient, persistent infection with high-risk

HPV types is the major cause of cervical intraepithelial neoplasia (CIN) and cervical

cancer (Bosch et al. 2002). The most common high-risk HPV types are 16, 18, 45 and

31, with HPV 16 and 18 accounting for about 70% of all genital cancers (WHO 2008).

Cervical cancer is the second most common cancer among women worldwide.

Nearly 500,000 women are diagnosed with it each year, and over 250,000 die of the

disease (WHO 2008; Parkin et al. 2005). 83% of these cancers occur in developing

countries, with Latin America, sub-Saharan Africa, and South and Southeast Asia

having the highest incidence (Parkin et al. 2005). In the US, in 2004, genital HPV

infection resulted in nearly 12,000 new cases of cervical cancer and 3,850 women

died from the disease (U.S. Cancer Statistics Working Group 2007).

Two prophylactic vaccines, Gardasil� and Cervarix�, have recently been approved

to protect women against persistent infection from the most prevalent high risk HPV

types, HPV 16 and 18 and CIN. Both vaccines are composed of noninfectious,

recombinant HPV virus-like particles (VLPs) of the major capsid protein, L1. L1 has

the intrinsic capacity to self-assemble into VLPs when expressed in eukaryotic cells.

The advantage of these VLPs is that they are morphologically indistinguishable from

authentic virions but they lack the viral genome. Because L1 VLPs mimic the natural

virus structurally they are able to elicit high titres of virus-neutralizing-antibodies in

animals and humans (Frazer 2004; Schiller and Lowy 1996).

Gardasil� is a quadrivalent vaccine, produced in yeast. It includes VLPs of HPV

types 6, 11, 16, and 18 (Garland et al. 2007). Cervarix�, is a bivalent VLP vaccine
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for HPV types 16 and 18 that is manufactured in an insect-cell system (Harper

2008). Research is also being conducted on therapeutic vaccines for women who

have already contracted an HPV, but we discuss only prophylactic vaccines.

Though evidence indicates these vaccines are efficacious in preventing CIN, we

show that the extent to which this is evidence of drug success depends on the social

aims of the research. If, for example, one takes the goal of the research to be a

reduction in cervical cancer morbidity and mortality among vulnerable populations,

alternative evidentiary standards and methodological decisions would been more

useful in helping to achieve that aim. We thus argue that the extent to which

methodological and evidentiary decisions are justified depends partly on the degree

to which they promote the social aims of the research. In particular, we examine

how the social aims of the research help justify (1) framing of research problems

and parameters for solutions, (2) evidentiary standards used in evaluating vaccine

success and safety, and (3) clinical trial methodology.

Framing of the research problem and parameters for solution in vaccine

development

One potential social aim of HPV research was to decrease cervical cancer morbidity

and mortality. How might this aim be relevant to adopting parameters for vaccine

development? As mentioned, the greatest incidence of cervical cancer occurs in

developing countries. Since the introduction of routine screening programs with

Papanicolaou tests in the 1960s and 1970s the incidence of cervical cancer has

decreased in most industrialized countries, where it accounts for only 7% of all

female malignancies (Safaeian et al. 2007; Parkin et al. 2005). In developing

countries, however, where screening programs are less prevalent, cervical cancer

accounts for 24% of all female cancers (Safaeian et al. 2007; Suba et al. 2006). In

these countries, fewer than 50% of women affected by the disease survive longer

than 5 years, while about 66% do so in industrialized nations (Franco and Harper

2005). Thus, if the aim of HPV research is to significantly decrease cervical cancer

morbidity and mortality, then developing a vaccine that will work in developing

countries is crucial to this goal.

In investigating possible solutions to this problem however, researchers fail to

attend to the very different methodological criteria of testing efficacy or testing

effectiveness of the possible vaccines. Evidence about efficacy is not sufficient to

establish that the medical procedures in question will be effective, i.e., will work in

real world conditions. Efficacy studies evaluate whether the experimental procedure

generates specific therapeutic effects and thus they establish the extent to which a

particular procedure is causally efficacious in treating or preventing the studied

condition, under the controlled circumstances of the laboratory. But in practical

contexts, like the ones usually present with developing medical intervention, a

solution to the question of efficacy, what vaccine can be developed that will under

some ideal protocol of use prevent HPV infection and cervical cancer, is adequate

only if one does not take into account the social goals of the research. This is so

because efficacy studies, despite their high internal validity, might not be very

useful in guiding clinical care (Nallamothu et al. 2008; Cartwright 2007; Grossman
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and Mackenzie 2005). Such internal validity might tell us little about how medical

interventions perform in different real-world settings. If, on the other hand, the

social goals of the investigation are taken to be relevant in guiding research, then the

question of effectiveness, that is whether given the actual real world circumstances

particular vaccine strategies will have the desired effect, becomes relevant.

The two vaccines now on the market present significant challenges to be useful in

developing countries. First, these vaccines are expensive to manufacture because

they are produced in eukaryotic cell cultures and need extensive purification.

Second, they require refrigeration and thus are expensive to distribute, as they need

a cold chain for storage. Third, three doses, over a six month period, are delivered

by intramuscular injection, which increases the costs of production and distribution.

Women in resource-poor countries, particularly those in rural areas, will lack access

to medical facilities, decreasing the likelihood they will be able to receive all three

doses. Fourth, they are most effective when given to females in early adolescence,

but in many developing countries, cultural barriers make this a difficult group to

enroll in vaccination programs. Finally, the vaccines are of little use to women who

are already HPV- infected or who have already developed neoplasia (Hildesheim

et al. 2007; Schiller and Nardelli-Haefliger 2006).

Now, one might argue that scientists cannot adopt research parameters in relation

to the social aims of the research because researchers cannot always predict how

medical interventions might work in the ‘‘real world.’’ Even when researchers are

able to foresee that a solution will not be completely effective in helping achieve a

social aim, it may still be the ‘‘best available,’’ given current scientific research.

That is, scientists should adopt research parameters solely on the basis of whether

they are the most epistemically promising.

At the time HPV vaccines were under development, however, researchers had a

variety of options that would have increased the ease of preparation, stability of the

components, and effectiveness of delivery. First, they could have used naked DNA

that contained the L1 gene driven by a strong eukaryotic promoter. Naked DNA is

easily prepared in large scale with high purity, is relatively safe, and can be used for

repeat administration. Also, naked DNA vaccines are highly stable relative to

proteins and can sustain high levels of antigen expression in cells. All of these

characteristics make DNA vaccines cheaper in terms of ease of preparation, storage,

and delivery (Moniz et al. 2003; Schiller and Lowy 1996).

A second option was to use live bacterial vectors such as live attenuated

Salmonella strains. These vaccines can induce both mucosal and systemic immune

responses and are able to express foreign antigens (Fraillery et al. 2007). They can

be generated inexpensively and are likely to be potentially effective in a single dose.

Moreover they do not require a cold chain (Fraillery et al. 2007). This type of

vaccine would have been easier to distribute and administer in rural areas.

Another possibility was the oral delivery of VLPs in food, for instance, by

generating transgenic plants that express VLPs (Garcı́a Carrancá and Galván 2007;

Schiller and Lowy 1996). Contrary to current parenteral vaccines, transgenic plants

expressing recombinant vaccine immunogens are an inexpensive alternative given

that edible plants can be grown locally and distributed easily without special

training or equipment (Fernández-San Millán et al. 2008; Warzecha et al. 2003).
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We claim that which of these avenues for vaccine development would have been

best, or most justified, depends partly on the social aims of the research. If the aim

of the research were to significantly decrease cervical cancer morbidity and

mortality, it would have been more rational to use a vaccine technology more likely

to be useful in the context of resource poor countries. If the aim of the research

were, say, to produce a profitable vaccine, then this would justify developing a

vaccine more likely to work in industrialized countries. The social aims of the

research help justify the parameters that a successful vaccine must meet (as well as

the decision about which research strategies are most likely to achieve them).

Different aims will help justify different research parameters.

Now, one might argue that no particular social aims of research need to be

endorsed, as multiple aims can be pursued simultaneously through a variety of

empirically adequate research programs. Solomon (2001) advocates this approach.

On Solomon’s view, research effort should be distributed among the development of

each type of vaccine to the extent that the research program is yielding empirical

success (Solomon 2001, 32). This way, whether we value helping the most

vulnerable populations or producing profits for drug companies, each empirically

promising avenue of research will be pursued (solely on epistemic grounds).

While research on each of the different vaccine strategies is presently being

conducted, it is unclear that decisions about which strategies to pursue can be made

on the basis of empirical success alone. First, because there are limited resources,

pursuing all empirically adequate possibilities may be difficult. More importantly,

pursuing some vaccine development options may hinder work on others, even if

they are empirically successful. The fact that efficacious prophylactic HPV vaccines

already exist might make it more difficult for other vaccines to reach clinical trials

and the market. If the public in industrialized countries perceives that current

vaccines solve the problem of cervical cancer, public funding sources to develop

alternative vaccines may be unavailable. Similarly, because of intellectual property

constraints, competitive commercialization of other VLP-based vaccines might be

difficult. Given the significant investments by Merck and GSK in the current

vaccines, it is unlikely that they will be interested in the development of

substantially different and cheaper vaccines (Schiller and Nardelli-Haefliger 2006).

Thus, not all empirically adequate research avenues can be pursued simultaneously.

Choices must be made about which properties are necessary for a successful vaccine

to have. Making this decision rationally, however, involves endorsing and

consulting particular social aims.

Evidentiary standards in vaccine testing

The social aims of research also play an important role in helping to justify

evidentiary standards in vaccine testing. Randomized clinical trials, the main

method for testing and evaluating medical procedures, are considered the gold

standard (Sackett et al. 2000). Because such trials are carried out in highly

controlled laboratory conditions, when designed and conducted appropriately, they

give us evidence for the efficacy of such procedures. Indeed, results from major

Phase II and III trials of the two HPV vaccines show they are highly immunogenic
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and efficacious against CIN2/3 lesions and adenocarcinoma in situ (AIS). These

lesions are the obligate and immediate precursors to invasive cancer. Evidence also

indicates that the vaccines offer some protection against persistent HPV16 and/or18

infections to HPV naı̈ve women. (Harper et al. 2006; Garland et al. 2007; Paavonen

et al. 2007; The Future II Study Group 2007a, b).

But as we indicated earlier, evidence about efficacy is not sufficient to establish

the effectiveness of medical interventions. Hence, clinical trials might be

alternatively designed to obtain evidence of effectiveness. That is, they could be

conducted under circumstances more closely simulating conditions that normally

obtain for patients. This, too, would have potential drawbacks. Obtaining evidence

of effectiveness involves allowing a host of complex variables to influence clinical

trial experiments. This makes it far more difficult to isolate and identify causal

relationships. As a result, the effectiveness measured can be due to other factors

such as placebo effect, concomitant therapies, or social factors.

One option would be to require Phase IV clinical trials for drug approval in

addition to Phase II and III trials. Phase IV trials would obtain evidence of longer-

term effectiveness in real world conditions in addition to evidence of efficacy. Such

a requirement before drugs are approved, however, could delay potentially helpful

medical interventions.

Thus, researchers have a choice about the kind of evidence that is important to

collect for drug ‘‘success.’’ There are limitations to designing clinical trials that only

test for efficacy, as well as drawbacks to only testing for effectiveness. Our claim is

that the grounds for making this choice include the extent to which various evidentiary

standards promote the social aims of the research. If the aim of the research is to have a

vaccine that will be effective in certain real world conditions, then evidence of

efficacy alone will be insufficient. Even if this social aim is ultimately outweighed by

other epistemic or social values, such as the need to isolate causal relationships or get

medical interventions into the market quickly, the justification for adopting particular

evidentiary standards will rest on weighing these competing values. In the next

section we show that the social aims of the research also play a role in justifying

specific methodology adopted in the design of HPV clinical trials.

Methodological decisions in clinical trial design

The social aims of the research also help justify specific methodological choices in

clinical trials. First, they have implications for the appropriate duration of clinical

trials. The follow up for HPV vaccine studies have been relatively short (about

5 years). This is somewhat problematic insofar as part of the aim of the research is

to create vaccines with long term protection against HPV. Of course, the value of

having evidence of long-term HPV protection must be weighed against the value of

getting the vaccine quickly on the market. Balancing these interests, however,

involves weighing the social aims at stake in the research. The extent to which

methodological decisions about the duration of clinical trials are justified involves

social values.

Second, the social aims of research help justify inclusion and exclusion criteria.

Like typical efficacy studies, clinical trials for HPV vaccines used narrow

208 K. Intemann, I. de Melo-Martı́n

123



enrollment criteria such as healthy women aged 15–26 years, with a particular

number of lifetime sexual partners before study enrollment, adequate contraception

over the vaccination period, cytologically negative, and seronegative for HPV-16

and HPV-18 antibodies. With narrow eligibility criteria, we cannot determine

whether the seroconversion rates, antibody titres, and efficacy rates will be as high

in unselected populations of women (Kahn and Burk 2007). When taking into

account women representative of those in real world settings, such as women who

did not follow the protocol adequately or did not complete the planned vaccination

regimen, some studies have reported only a 17% overall reduction in CIN after

administration of the quadrivalent vaccine (The Future II Study Group 2007a, b).

How narrow the selection criteria ought to be depends on weighing the social, as

well as epistemic, consequences of adopting such criteria.

To the extent that the aim is to measure whether the vaccine will work for the

most vulnerable populations, wider inclusion criteria may be more justified. After

all, women in non-industrialized countries who are most likely to develop and die

from cervical cancer are also likely to fail to meet one or more of the narrow

inclusion criteria for the vaccine trials. These women are more likely to be infected

with the human immunodeficiency virus (HIV) and evidence indicates that HIV

positive women are at an increased risk of developing CIN and cervical cancer

(Adam et al. 2008). They are also more likely to have endemic infections, such as

hepatitis B or malaria that chronically alter the immune system and may modify the

patterns of immunogenicity or affect the safety profile of HPV vaccine. Addition-

ally, there may be significant differences in HPV vaccine immune responses among

malnourished, compared with better-nourished, populations (Pagliusi and Teresa

Aguado 2004).

Thus, clinical trials that have ‘‘healthy’’ as an inclusion criterion fail to collect

relevant data on populations of women most at risk for cervical cancer. Again, this

is a problem insofar as the aim of the research is to decrease cervical cancer

morbidity and mortality in those populations.

Third, the social aims of the research have implications for what will count as a

representative group of subjects included in clinical trials. For example, to what

extent should a pool of subjects be heterogeneous or ethnically diverse and what sort

of diversity is necessary? In HPV vaccine clinical trials, the proportion of subjects

who reported they were black or Hispanic in these studies was small (Kahn and

Burk 2007). This could be problematic given the fact that Hispanic women are

diagnosed with cervical cancer almost twice as often, and African American women

more than 1.5 times as often as non-Hispanic white women (Downs et al. 2008). If

the aim is to reduce cervical cancer in the most vulnerable populations, then their

representation in clinical trials is crucial to ensure that ethnicity does not affect the

efficaciousness of the vaccine.

Fourth, the social aims of the research help justify which endpoints or surrogate

endpoints should be adopted in clinical trials. HPV vaccine trials use CIN 2? as a

surrogate endpoint, given that for both practical and ethical reasons, researchers

cannot and ought not to wait to see if subjects actually develop cancer (Kahn and

Burk 2007). This decision is justified insofar as these are accurate predictors of

cervical cancer and insofar as the aim of the research is to reduce cervical cancer
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morbidity and mortality. If the social aim of the research were, for example,

reducing the incidence of genital warts, then this would be reason to adopt a

different endpoint. Thus, whether a particular endpoint or surrogate endpoint is

justified depends partly on the social aims of research.

Finally, the social aims of the research can help justify clinical trial locations.

Both the bivalent and the quadrivalent vaccine have undergone phase III clinical

trials in North America, Latin America, Europe and the Asian Pacific region.

Despite the fact that age-standardised HPV prevalence is significantly higher in sub-

Saharan Africa than in other world regions, vaccine studies were not done in these

countries. This is particularly significant given evidence that suggests heterogeneity

in HPV type distribution among women from different populations (Blossom et al.

2007; Clifford et al. 2005). Studies indicate that HPV-positive women in sub-

Saharan Africa are significantly more likely to be infected with high-risk types of

HPV other than HPV16 than were women in Europe. HPV35, HPV45, HPV52,

HPV56, and HPV58 are all more common in HPV-positive women in sub-Saharan

Africa than in Europe. Indeed, HPV35 is as prevalent as HPV16 in sub-Saharan

Africa, but four to five times less prevalent than HPV16 in other regions (Clifford

et al. 2005). Regional differences, although somewhat weaker, exist not only in

cases of HPV infection but also in cases of cervical cancer. A smaller proportion of

cases in sub-Saharan Africa and Asia are associated with HPV16 compared with

those in Europe or North America (Clifford et al. 2005). Hence, HPV vaccines for

types 16/18 might have different efficacy measures in clinical trials conducted in

different countries (Muñoz et al. 2004). Thus, the decision about where best to

conduct clinical trials depends partly on the social aims of the research (e.g., which

populations are being targeted).

We have shown that methodological decisions about the duration of the study,

subject selection criteria, diversity of subjects, choice of surrogate endpoints, and

location of clinical trial sites are justified partly by the social aims of the research.

Some methodological choices will promote specific social aims better than

alternatives. Making good methodological decisions in the design of clinical trials

thus depends on social, in addition to epistemic, values.

Normative implications and conclusions

The case of the HPV vaccines shows that the specific social aims of biomedical

research play a role in justifying research decisions in both drug development and

testing. Such aims can be relevant to the choice of research strategies, evidentiary

standards, and methodologies. If these decisions are made in relation to social aims,

researchers will be more likely to produce medical interventions that are more

socially relevant and effective.

In these ways, social values can play important and appropriate roles that go

beyond merely determining what ought to be studied or funded. That is, they are

sometimes necessary to making fully grounded methodological decisions. Thus, we

join those philosophers of science who argue that ethical and social values can play

inescapable and necessary roles in science, at least in those research contexts that
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are related to public policy (Longino 2002; Douglas 2007; Kourany 2003). This is

not to say that social values stand as evidence for the truth of, for example, claims

about the causal mechanisms of HPV or the efficacy of a particular drug. They can,

however, provide us with reasons to take certain research strategies or methodol-

ogies to be better than alternatives. Thus, our arguments are also consistent with the

position, taken by several philosophers of science, that social value judgments need

not undermine the objectivity or rationality of science (Longino 2002; Dupré 2007).

Indeed, we are claiming that they can increase the rationality of some standards of

evidence and methodological decisions.

If we are correct that the social aims of research affect decision-making, this

raises the question of which social values and aims should be endorsed and who,

exactly, should be making such decisions. Clearly, if social values are at stake, we

must strive to appeal to values that are well supported. But, given the existence of

multiple competing social values, how is this best accomplished? While we cannot

develop or defend here complete answers to these questions, we draw some

tentative normative lessons from the HPV case.

Obviously, scientists have an important role in helping to endorse particular

social aims of a research program and making judgments about how best to promote

those aims. Biomedical researchers have the scientific expertise relevant to

determining how social aims might be best conceived in relation to particular

health problems, and how those can be promoted given the current state of

biomedical research. For example, biomedical researchers would be in the best

position to know which current vaccine types are possible and most promising, or

which surrogate endpoints are appropriate.

Yet although scientists need to be involved in identifying, endorsing, and

promoting the social aims of research, it is not clear that they can or should be

making such judgments alone. As Kitcher (2001) points out, the social aims of

research (in order to be justified) should represent the interests of all stakeholders.

Scientists may be unaware of all the interests at stake, and they may lack important

information relevant to how they could best promote social goals. Biomedical

researchers working on the HPV vaccine may know little about the social conditions

in rural Africa that impose limitations on successful vaccine delivery. Thus, in order

to promote more socially relevant science, there need to be mechanisms for

scientists, social scientists, ethicists and policymakers to collaboratively reflect on

the social aims of research and how best to promote them.

One mechanism for such collaboration is in the writing and evaluation of grant

proposals. When applicable, principal investigators should be required to identify

the social aims of their research, and their proposed methodology should be justified

in relation to not only to epistemic goals, but also to social ones. Grant reviewing

teams should include diverse individuals with relevant expertise. In the HPV case,

insofar as the aim of the research is to significantly reduce cervical cancer among

vulnerable populations, this might include microbiologists, immunologists, sociol-

ogists, epidemiologists, public health professionals, and ethicists. In evaluating the

intellectual merit of research programs, reviewers need to consider the extent to

which the social aims of the research are justified, as well as the extent to which the

proposed research strategies, standards of evidence, and other methodological
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choices promote those aims better than alternatives. The interests and expertise that

will need to be represented in the review process will depend partly on the nature

and content of the particular research project.

While we cannot provide a full account of how the social aims of research might

be endorsed or promoted here, it is clear that a discussion about which social aims

should be endorsed in particular research contexts and who should make those

decisions is a conversation that is appropriate and necessary. It is a discussion that

will not take place if scientists continue to assume that values have no business in

science.
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Muñoz N, Bosch FX, Castellsagué X, Dı́az M, de Sanjose S, Hammouda D, Shah KV, Meijer CJ (2004)

Against which human papillomavirus types shall we vaccinate and screen? The international

perspective. Int J Cancer 111(2):278–285

Nallamothu BK, Hayward RA, Bates ER (2008) Beyond the randomized clinical trial: the role of

effectiveness studies in evaluating cardiovascular therapies. Circulation 118(12):1294–1303

Paavonen J et al (2007) HPV PATRICIA study group. Efficacy of a prophylactic adjuvanted bivalent L1

virus-like-particle vaccine against infection with human papillomavirus types 16 and 18 in young

women: an interim analysis of a phase III double-blind, randomised controlled trial. Lancet

369(9580):2161–2170 Erratum in: Lancet 370(9596):1414

Pagliusi SR, Teresa Aguado M (2004) Efficacy and other milestones for human papillomavirus vaccine

introduction. Vaccine 23(5):569–578

Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics. CA Cancer J Clin 55(2):74–108

Sackett DL, Straus SE, Richardson WS, Rosenberg W, Haynes RB (2000) Evidence-based medicine: how

to practice and teach EBM, 2nd edn. Churchill Livingstone, Edinburgh

Safaeian M, Solomon D, Castle PE (2007) Cervical cancer prevention-cervical screening: science in

evolution. Obstet Gynecol Clin North Am 34(4):739–760

Schiller JT, Lowy DR (1996) Papillomavirus-like particles and HPV vaccine development. Semin Cancer

Biol 7(6):373–382

Schiller JT, Nardelli-Haefliger D (2006) Chapter 17: second generation HPV vaccines to prevent cervical

cancer. Vaccine 24(Suppl 3:S3):147–153

Solomon M (2001) Social empiricism. MIT Press, Cambridge

Suba EJ, Murphy SK, Donnelly AD, Furia LM, Huynh ML, Raab SS (2006) Systems analysis of real-

world obstacles to successful cervical cancer prevention in developing countries. Am J Public

Health 96(3):480–487

The Future II Study Group (2007a) Quadrivalent vaccine against human papillomavirus to prevent high-

grade cervical lesions. N Engl J Med 356:1915–1927

The Future II Study Group (2007b) Effect of prophylactic human papillomavirus L1 virus-like-particle

vaccine on risk of cervical intraepithelial neoplasia grade 2, grade 3, and adenocarcinoma in situ: a

combined analysis of four randomised clinical trials. Lancet 369:1861–1868

U.S. Cancer Statistics Working Group (2007) United States Cancer Statistics: 2004 Incidence and

Mortality. Atlanta (GA): Department of Health and Human Services, Centers for Disease Control

and Prevention, and National Cancer Institute

Warzecha H, Mason HS, Lane C, Tryggvesson A, Rybicki E, Williamson AL, Clements JD, Rose RC

(2003) Oral immunogenicity of human papillomavirus-like particles expressed in potato. J Virol

77(16):8702–8711

World Health Organization (WHO) (2008) Viral cancer. Human papillomavirus. Available from

http://www.who.int/vaccine_research/diseases/viral_cancers/en/index3.html

Social values and scientific evidence 213

123

http://www.who.int/vaccine_research/diseases/viral_cancers/en/index3.html

	Social values and scientific evidence: the case �of the HPV vaccines
	Abstract
	Introduction
	The case of the HPV vaccine
	Framing of the research problem and parameters for solution in vaccine development
	Evidentiary standards in vaccine testing
	Methodological decisions in clinical trial design

	Normative implications and conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


