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Over 7000 rare dis eases, each <200,000 US res i dents, affect nearly 30 mil lion people in the United States. Fur-

ther more, for the 10% of people with a rare dis ease and for their fam i lies, these dis or ders no longer seem rare. 

Molec u lar genet ics have char ac ter ized the cause of many rare dis eases and pro vide unprec e dented oppor-

tu ni ties for iden ti fy ing patients, deter min ing phe no types, and devis ing treat ments to pre vent, sta bi lize, or 

improve each dis ease. Rare dis ease research poses chal lenges to inves ti ga tors requir ing spe cific approaches 

to: (1) the design of clin i cal stud ies; (2) the fund ing of research pro grams; (3) the dis cov ery, test ing, and 

approval of new treat ments, and (4) the train ing of clin i cal sci en tists. Rig or ous, sta tis ti cally-valid, nat u ral 

his tory-con trolled, cross-over, and n-of-1 tri als can estab lish ef cacy and sup port reg u la tory approval of new 

treat ments for rare dis eases. The U.S. Orphan Drug Act of the U.S. FDA has stim u lated indus try invest ment in 

clin i cal tri als to develop treat ments for rare dis eases. For train ees inter ested in find ing a treat ment for a rare 

dis ease, a com mit ment to lon gi tu di nal care of patients pro vides a base for the char ac ter iza tion of phe no type 

and nat u ral his tory, a stim u lus for inno va tion, a tar get pop u la tion for research and helps fund train ing and 

research. The sci en tific meth od ol ogy, finan cial resources, and logis tics of clin i cal research for rare dis eases 

have changed dra mat i cally in the past two decades result ing in increased under stand ing of the path o phys i ol-

ogy of these dis or ders and direct ben e fit to patients.

© 2008 Elsevier Inc. All rights reserved.
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Intro duc tion

The clin i cal pre sen ta tion, nat u ral his tory, path o phys i ol ogy, and 

often mys te ri ous nature of rare dis eases have fas ci nated phy si-

cians for cen tu ries. Rare dis eases pro vide oppor tu ni ties to study 

human phys i ol ogy and bio med i cal sci ence from unique per spec-

tives. Major sci en tific break throughs result ing from inves ti ga tion 

of rare dis eases have often pro vided insight into more com mon 

dis or ders. The sat is fac tion of diag nos ing a patient with a rare dis-

or der suc cess fully is often rap idly coun tered by the real i za tion 

that the abil ity to under stand and treat the patient’s con di tion is 

lim ited by igno rance and the dif  cul ties of study ing the dis ease. 

More over, for the “inter est ing” patient with a rare dis ease, being 

a “fas ci no ma” to phy si cians may inten sify suffering. Patients may 

feel that their phy si cians are in league with the “inter est ing” dis-

ease. Fur ther more, for patients with a rare dis or der, the dis ease is 
1096-7192/$ - see front matter © 2008 Elsevier Inc. All rights reserved.

doi:10.1016/j.ymgme.2008.10.003

 * Cor re spond ing author. Fax: +1 585 276 2056.

E-mail address: Rob ert_gri ggs@urmc.roches ter.edu (R.C. Griggs).
no longer rare—it is a con stant part their lives and the life of their 

fam i lies.

There are sev eral defi  ni tions of “rare” or “orphan” dis eases 

and these defi  ni tions may dif fer among coun tries. Com mon to 

all defi  ni tions is the low prev a lence of a dis ease and the per cep-

tion that treat ments and research related to a spe cific dis ease 

are inad e quate. In 1983 the United States (U.S.) Con gress passed 

the “Orphan Drug Act” (since amended sev eral times). This land-

mark act instructs the U.S. Food and Drug Admin is tra tion to label 

a dis ease as “rare” if it has a prev a lence of <200,000 per sons 

in the U.S. Using this defi  ni tion, it is esti mated that over 7000 

rare dis eases affect an esti mated 25–30 mil lion people with a 

rare dis ease in the U.S. (8–12% of pop u la tion). The Orphan Drug 

Act also des ig nates dis eases as “rare” if they affect more than 

200,000 per sons in the U.S. if “…there is no rea son able expec ta-

tion that the cost of devel op ing and mak ing avail able in the U.S. 

a drug for such dis ease or con di tion will be recov ered from sales 

in the U.S. of such drug” [1].
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The aware ness of rare dis eases by the gen eral pub lic has grown 

over the last three decades. This increased aware ness is the result 

of changes in soci ety includ ing: the marked expan sion in the size, 

num ber, and influ ence of patient advo cacy groups focused on a 

spe cific rare dis ease; groups pro mot ing aware ness of rare dis eases 

in gen eral (e.g. the National Orga ni za tion for Rare Dis or ders [2]; the 

abil ity of the inter net to allow patient groups to orga nize and edu-

cate and reach mil lions of people world-wide inex pen sively; the 

grow ing inter est by main stream media in human inter est sto ries 

about people, espe cially celeb ri ties, with rare dis eases; increased 

gov ern ment atten tion to, and fund ing of, rare dis ease research and 

tar geted drug devel op ment; and aca demic med i cal insti tu tions’ 

sup port of spe cial ized cen ters organized to treat patients with 

rare dis eases and con duct research on these dis or ders. This paper 

reviews impor tant issues fac ing clin i cal inves ti ga tors study ing or 

train ing to study rare dis eases.

Pur su ing a career in rare dis ease research

Once inter ested and engaged in research into a rare dis ease, an 

inves ti ga tor faces a num ber of oppor tu ni ties and chal lenges. The sci-

en tific and career oppor tu ni ties for research ers spe cial iz ing in rare 

dis eases are excel lent. Unan swered ques tions about the path o phys-

i ol ogy of many rare dis eases have the potential to make pos si ble a 

major impact on a clin i cally and sci en tifi  cally under served pop u-

la tion. The advances and avail abil ity of pow er ful tools for study ing 

genet ics has been of par tic u lar ben e fit to stu dents of rare dis eases. 

The inter net has been a key and expand ing method for recruit ing 

clin i cal study sub jects and pub li ciz ing the ser vices of new cen ters for 

care and research in spe cific dis eases. In addi tion, fund ing agen cies in 

many coun tries now rec og nize the ben e fit for the gen eral sci en tific 

com mu nity of sup port ing research in rare dis eases. Many patient 

advo cacy groups now pro vide sup port for young inves ti ga tors focus-

ing on spe cific rare dis or ders. Inves ti ga tors can quickly carve out 

their own research niche when study ing a rare dis ease.

Clin i cal inves ti ga tors in rare dis ease research also reg u larly face 

chal lenges spe cific to the study of uncom mon dis or ders. Perhaps 

the most fre quent prob lem is the recruit ment of a req ui site num-

ber of study sub jects for an obser va tional cohort or a clin i cal trial. 

This need requires the cre a tion of multi-insti tu tional and inter-

na tional col lab o ra tions to con duct clin i cal inves ti ga tion in rare 

dis eases. These recruit ment chal lenges and reduced study sam-

ple sizes also directly lead to the need for adop tion of spe cial ized 

study designs and bio sta tis ti cal tech niques devel oped to max i mize 

data from small num bers of sub jects. Addi tion ally, study ing rare 

dis eases requires greater vig i lance in pro tect ing the pri vacy of 

study sub jects as the pub li ca tion of fam ily pedigree infor ma tion 

or detailed clin i cal descrip tions can lead to iden ti fi ca tion of a spe-

cific indi vid ual. Suc cess fully obtain ing ade quate research fund ing 

by gov ern ment agen cies and stim u lat ing the inter est of bio phar-

ma ceu ti cal indus try part ners are greater prob lems for research ers 

involved in rare dis eases as more com mon dis eases have greater 

eco nomic impact. Thus, train ees in rare dis ease research need to 

seek out men tors with a dif fer ent sub set of skills from those for 

indi vid u als engaged in research in com mon dis or ders.

Orphan-drug des ig na tion pro gram

The Orphan Drug Act (Pub lic Law 97-414) was enacted in 1983 

to pro vide spon sors incen tives to develop prom is ing drugs to treat, 

pre vent, or diag nose rare dis eases or con di tions affect ing less 

than 200,000 per sons in the United States (US). These incen tives 

include: pro to col assis tance (writ ten rec om men da tions from the 

US Food and Drug Admin is tra tion (FDA) on the pre clin i cal and clin-

i cal stud ies nec es sary for mar ket ing approval); tax cred its equal 

to 50 percent of the qual i fied clin i cal test ing expenses; waiver of 

Pre scrip tion Drug User Fee Act mar ket ing appli ca tion fee; orphan 

prod uct devel op ment grants; and, most impor tantly, seven-year 

mar ket ing exclu siv ity once the drug is approved by FDA [3]. Drugs 

intended for com mon dis eases are also eli gi ble for the same incen-

tives if the spon sors can show that no rea son able expec ta tion of 

recov er able profit occur ring from sales in the U.S. in the first seven 

years of mar ket ing.

To be eli gi ble for these incen tives, a sponsor must sub mit to the 

Ofce of Orphan Prod uct Devel op ment (OOPD) an orphan-drug 

des ig na tion request prior to the sub mis sion of a mar ket ing appli-

ca tion of the drug for the intended orphan use. The request should 

con tain infor ma tion on the dis ease and its prev a lence, the drug 

and its ratio nale for use, and esti mates and jus ti fi ca tions of non-

recov ery of cost, if appli ca ble. A pre vi ously unap proved drug, a 

new orphan indi ca tion of a pre vi ously approved drug, or the same 

drug as a pre vi ously approved drug, but poten tially clin i cally supe-

rior, are eli gi ble for des ig na tion. A drug may also be des ig nated for 

use in an “orphan” sub set of a com mon dis ease, if the sponsor can 

pres ent a med i cally plau si ble ratio nale why the drug could be used 

in only that par tic u lar sub set and not in the remain ing patients. 

The sponsor should refer to the FDA Orphan Drug Reg u la tions for 

more infor ma tion on orphan des ig na tion [4].

The FDA OOPD has granted 1705 (71%) of the 2394 des ig na tion 

requests received between 1983 and 2006. To date, over 300 des ig-

nated orphan prod ucts have been approved for mar ket ing, serv ing 

over 12 mil lion Amer i cans and numer ous patients in other coun tries. 

In the decade pre ced ing the pas sage of the Orphan Drug Act, only 

10 drugs were approved for orphan indi ca tions. From 1996 to 2006, 

the aver age num ber of FDA orphan drug approv als per year was 16 

(range 6–25). Over the last decade, drugs with orphan indi ca tions 

accounted for 0.7% of all original new drug approv als and sup ple-

men tal appli ca tions com bined, 11% of original new drug approv als 

alone, and 24% of all new molec u lar and bio log i cal entity approv als. 

Over the same period, the num ber of FDA orphan-drug des ig na tions 

per year increased 143% [5]. Updated cumu la tive lists of des ig nated 

and approved orphan drugs are avail able on the OOPD Web site [6].

Human i tar ian use device des ig na tion pro gram

The Safe Med i cal Devices Act of 1990 (Pub lic Law 101-629) 

autho rizes the FDA to exempt mak ers of med i cal devices devel oped 

for the diag no sis or treat ment of dis eases or con di tions affect ing a 

rel a tively small num ber of people in the US from the require ments 

to show effec tive ness prior to mar ket ing approval. This pro vi sion 

is also known as the human i tar ian device exemp tion (HDE). As a 

prerequisite to HDE approval, the sponsor must sub mit to OOPD 

a request for human i tar ian use device (HUD) des ig na tion of the 

device in ques tion at the ear li est pos si ble time [7]. The request 

should con tain an ade quate descrip tion of the device and a dem-

on stra tion that the dis ease or con di tion (or a sub set thereof) of 

inter est affects or is man i fested in fewer than 4000 per sons in the 

US per year. The FDA may approve a des ig nated human i tar ian use 

device through the exemp tion mar ket ing appli ca tion if the sponsor 

can show that: (1) the ben e fit out weighs the risk from its use; (2) 

no com pa ra ble approved device is avail able on the mar ket; (3) the 

device is to be used with insti tu tional review board approval; and 

(4) the device is sold at cost.

Between 1996 and 2006, OOPD received 174 HUD des ig na tion 

requests of which 117 (67%) were granted. A total of 42 med i cal 

devices were even tu ally approved for mar ket ing under HDE in that 

time.

Orphan prod uct devel op ment grants

The aim of the orphan prod uct devel op ment (OPD) grant 

 pro gram is to assist spon sors in defray ing the costs of clin i cal trial 
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expenses incurred in the devel op ment of drugs, med i cal devices, 

and med i cal foods for rare dis eases and con di tions [8]. The pro-

gram has an annual bud get of approx i mately $14 mil lion. Domes-

tic or for eign, pub lic or pri vate, non-profit or for-profit enti ties 

(exclud ing those engag ing in lob by ing activ i ties), state and local 

units of gov ern ment, and non-HHS fed eral agen cies may apply. To 

be eli gi ble, the clin i cal inves ti ga tion of the drug or the device must 

be con ducted under an active inves ti ga tional new drug appli ca tion 

or inves ti ga tional device exemp tion, respec tively.

Appli cants may apply for OPD grants elec tron i cally via 

http://www.grants.gov/. Begin ning in fis cal year 2009, fund ing lev-

els for these grants will be up to $200,000 per year for up to three 

years for Phase 1 clin i cal inves ti ga tion and up to $400,000 per year 

for up to four years for Phase 2 or 3 clin i cal inves ti ga tion.

Between 2000 and 2006, OOPD received an aver age of 69 grant 

appli ca tions annu ally. Of these, about 17 were funded each year. 

The major ity of grant ees (76%) were afl i ated with uni ver si ties 

and med i cal cen ters. Approx i mately 19% of grants were awarded 

to phar ma ceu ti cal com pa nies. A quar ter (24%) of grants were for 

on co log ic drugs, 14% for met a bolic dis or ders, and less than 10% for 

each of a num ber of other dis ease cat e go ries. To date, OPD grants 

have sup ported clin i cal devel op ment of 41 approved orphan drugs 

and med i cal devices.

Aca demic part ner ships with indus try for orphan dis eases

Prob a bly the first ques tion an aca de mi cian inter ested in orphan 

dis ease should ask before deal ing with a bio tech nol ogy or phar-

ma ceu ti cal com pany is “why should a bio phar ma ceu ti cal com pany 

be inter ested in a rare dis ease?” The answer relates to some of the 

his tory of orphan dis eases. The Orphan Drug Act gave finan cial 

incen tives for com pa nies to con sider work ing in the rare dis ease 

field. There was also the incen tive of ‘less com pe ti tion’ and the 

more likely prob a bil ity to dem on strate ‘proof of con cept’ in these 

rare dis ease pop u la tions. One of the first cor po ra tions to uti lize 

this new ‘Orphan Dis ease Leg is la tion’ was Gen zyme Cor po ra tion 

who in 1991 suc cess fully reg is tered alglu ce rase (Cere dase) for the 

treat ment of Gaucher dis ease. The ini tial drug devel op ment was 

per formed at the NIH.

Aca demic–indus trial rela tion ships pro vide a syn ergy of  activ ity 

that can not be obtained if each com po nent works in iso la tion. 

Aca demic groups pro vide the intel lec tual cat a lyst that is required 

for an indus trial part ner to feel con fi dent enough to expend the 

cap i tal to fur ther the devel op ment of a new drug prod uct. Indus-

try brings the rigor and resources to con firm ini tial find ings and 

pro vide the resources required for man u fac tur ing and tox i co log i-

cal stud ies. The final clin i cal tri als are rig or ous and expen sive and 

usu ally require a part ner ship with a phar ma ceu ti cal entity before 

com ple tion. It is essen tial that each party under stands its respon-

si bil i ties and strengths of both par ties before a suc cess ful ‘part-

ner ship’ can begin. A well demar cated ‘pre-nup tu al’ agree ment is 

nec es sary so that each party under stands the ben e fits and risks of 

the part ner ship. Dis agree ments can be sig nifi  cantly reduced if the 

early ‘ground work’ can be estab lished. It is crit i cal to under stand 

that both the aca demic and phar ma ceu ti cal part ner brings invalu-

able assets to any agree ment.

Work ing with patient advo cacy groups for rare dis eases

Patients with rare dis eases often form advo cacy groups as 

a way of shar ing infor ma tion and encour age ment, sup port ing 

research, and help ing patients and their fam i lies obtain needed 

ser vices. These groups have played an impor tant role in the his tory 

of the orphan prod uct move ment and they con tinue to pro vide 

substantial sup port to rare dis ease research ers today. Patient advo-

cacy groups often help with patient recruit ment, research fund ing, 

admin is tra tion of patient assis tance pro grams, and facil i ta tion of 

patient–doc tor com mu ni ca tion. For exam ple, the National Orga ni-

za tion for Rare Dis or ders (NORD)—which is a fed er a tion of patient 

advo cacy groups—pro vides assis tance with patient recruit ment, 

includ ing “Clin i cal Broad casts” that notify patients and fam ily 

mem bers of oppor tu ni ties to par tic i pate in clin i cal tri als. NORD 

also admin is ters grants and fel low ships for the study of rare dis-

eases, and early access pro grams for inves ti ga tional drugs.

Many patient advo cacy groups have devel oped sophis ti cated 

and highly effec tive fund-rais ing tech niques to sup port the study 

of rare dis eases. For exam ple, when research ers at the Uni ver sity 

of Penn syl va nia announced in 2006 that they had iden ti fied the 

gene asso ci ated with fibro dys pla sia ossifi  cans pro gress i va (FOP), 

they cred ited the Inter na tional FOP Asso ci a tion with pro vid ing 

major fund ing for their work [9]. Sev eral patient advo cacy groups 

have also assisted aca demic research ers in the cre a tion and main-

te nance of tis sue banks and patient reg is tries.

A grow ing spirit of inter na tion al ism among patient advo cacy 

groups may also be help ful to research ers. Orga ni za tions within 

the U.S. work closely with their coun ter parts in Europe, Asia, and 

else where. In the world of rare dis eases, where the num ber of 

patients in any one locale may be quite small, such inter na tional 

link ages can be extremely ben e fi cial.

Clin i cal trial design

Trial designs for rare dis eases must meet the same rig or ous 

stan dards as those for tri als for more prevalent dis eases [11]. They 

must ask impor tant sci en tific ques tions, min i mize bias and have 

appro pri ate like li hood of achiev ing a sci en tifi  cally accept able 

answer. Indeed, designs for rare dis eases are equally appli ca ble to 

any other cat e gory of dis eases. How ever, many dif fer ent types of 

study designs exist, some of which require only a frac tion of the 

num ber of sub jects required to con duct a ran dom ized con trolled 

trial, which might make them par tic u larly attrac tive for stud ies of 

rare dis eases [12–16].

A ran dom ized con trolled trial is con sid ered the gold stan dard 

because inher ent in its design is the min i mi za tion of bias. Thus 

the results are often regarded as pro vid ing the stron gest evi dence 

in test ing a hypoth e sis. How ever, ran dom ized con trolled tri als are 

not easy to do in that many potential par tic i pants object to the 

con cept of ran dom i za tion and inves ti ga tors may some times feel 

that ran dom i za tion, in of it itself, is uneth i cal [17]. Ran dom i za tion 

requires that the inves ti ga tor and the sub ject con sider them selves 

in the state of equi poise in that they truly feel that the treat ment 

received from either arm of ran dom ized trial is equiv a lent unless 

proven otherwise. This is dif  cult for par tic i pants who want to 

believe that their treat ment will be based upon what is best for 

them and not the ‘flip of a coin’ and dif  cult for phy si cians who 

also think that they are eth i cally bound to pro vide the ‘best’ treat-

ment. Equi poise is made the more dif  cult as tri als are often devel-

oped because an inves ti ga tor feels that an exper i men tal ther apy is 

bet ter and they wish to test that hypoth e sis in a rig or ous fash ion. 

Some sub jects object to the tri als if they have a like li hood of being 

assigned a poten tially infe rior arm (i.e. the non-exper i men tal ther-

apy) or being ran dom ized to a pla cebo. Appro pri ate patient edu ca-

tion by inves ti ga tors inti mately aware of the spe cific rare dis ease 

often dif fuses their con cerns.

Alter nate designs can address con cerns about ran dom ized 

 con trolled tri als by using exter nal or his tor i cal con trols or with 

par tic i pants serv ing as their own con trol [18]. In the case of exter-

nal or his tor i cal con trols, all patients recruited for a pro posed 

study receive the new or exper i men tal ther apy and their out comes 

are com pared to a pop u la tion that had already been treated by a 

stan dard ther apy. If his tor i cal data are valid and avail able, this is an 

ef cient design because it requires fewer patients to be accrued. 
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The down side of such a design is that the selec tion of his tor i cal 

con trols must be made with extreme cau tion so as not to bias the 

study results. Often it is dif  cult to know whether bias has been 

intro duced by fac tors that have not been reported in the his tor i-

cal series or through changes in practice that may affect clin i cal 

assess ments or out comes.

A design that avoids the biases of his tor i cal con trols is the use 

of con cur rent con trols for which par tic i pants serve as their own 

con trol. Such designs are desir able if there is less within-patient 

var i abil ity in a treat ment response than there is between-patient 

var i abil ity. In such cases, out come esti mates will have less var i-

ance and the study design will require less accrual. Exam ples of 

these designs include cross-over designs (Table 1) and “N-of-1” 

designs (Table 2) [19–21]. These study designs are appli ca ble, how-

ever, only in the sit u a tion where there is a rel a tively rapid response 

to the inter ven tion, the response dis ap pears rel a tively soon after 

the inter ven tion is with drawn, and the par tic i pant’s over all con di-

tion does not change dur ing the inter ven tion or post-inter ven tion 

peri ods. These designs can work well for chronic dis eases, but in 

many set tings these assump tions can not be jus ti fied.

The case-con trol design is well-suited to study rare events and 

rare dis eases. [22] In this design, indi vid u als in whom a cer tain out-

come has been observed (e.g. spe cific level of dis ease sever ity or a 

par tic u lar event) are matched to con trols that did not have such 

an out come and then the two groups are com pared with respect 

to a par tic u lar inter ven tion or expo sure. Case-con trolled stud ies 

can uti lize either pro spec tively or ret ro spec tively col lected data. 

Case-con trol stud ies are par tic u larly ef cient but suf fer because 

of the reli ance on his tor i cal data. Such designs can be par tic u larly 

use ful in rare dis eases in which there is a long lag time between 

geno type and phe no typic expres sion or between expo sure and 

the  par tic u lar events or out comes of inter est. When con duct ing 

case-con trolled stud ies, inves ti ga tors have to be extremely care-

ful in select ing appro pri ate con trols to avoid intro duc ing bias. This 

design is not ranked as high as the ran dom ized con trolled trial in 

terms of the strength of evi dence.

Dif fer ent designs can be used even when treat ment arms are 

pro spec tively ran dom ized to reduce sam ple size require ments. 

Exam ples include cross-over designs as well as fac to rial designs 

[23]. In the former, par tic i pants are ran dom ized to a treat ment arm 

for a period at the end of which the out come is assessed and then 

‘crossed over’ to the other treat ment. The cross-over design makes 

the same assump tions as does ‘N-of-1’ tri als where par tic i pants are 

ran dom ized to pairs of ther a pies given in random sequence and 

a wash out period is assumed to elim i nate the effect of the treat-

ment after the inter ven tion is with drawn. Fac to rial designs involve 

a dou ble ran dom i za tion in which two ques tions are asked in the 

same par tic i pant pop u la tion. This essen tially results in a sam ple 

size sav ings of an appro pri ate 50%, but also assumes no inter ac-

tion between the two treat ments. By inter ac tion we mean that the 

effect of treat ment A over its com par i son group (pla cebo) is in the 

same direc tion regard less of whether the patient received treat-

ment B or not. Again, this is an assump tion that is hard to ver ify.

Finally, designs for rank ing and selec tion pro ce dures are often 

help ful and gen er ally require a smaller sam ple size than ran dom-

ized con trolled tri als [24]. In a rank ing design, the objec tive is to 

max i mize the like li hood of select ing the bet ter ther apy from a 

num ber of ther a pies as opposed to design ing a trial that actu ally 

com pares ther a pies directly and mea sures how much bet ter one 

is as com pared to another. Sub jects are pro spec tively ran dom-

ized to dif fer ent treat ment arms and response rates mea sured as 

in a ran dom ized clin i cal trial. Instead of direct com par i sons, the 

results are ranked in terms of the desired out come. Rank ing sta tis-

tics are often used when infor ma tion about under ly ing para met ric 

dis tri bu tions are unknown. It could be argued that less is learned 

in such an exper i men tal design and a subsequent exper i ment is 

required to mea sure the actual dif fer ence between treat ment 

out comes. That is because a ran dom ized clin i cal trial design is to 

detect a min i mal clin i cal sig nifi  cance between treat ments whereas 

the rank ing sta tis tics only seeks to deter mine which treat ment has 

the bet ter out come. Because fewer sub jects are nec es sary to estab-

lish the supe rior treat ment, this design is suit able for eval u at ing 

multiple treat ments.

In some instances the argu ments against ran dom ized  con trolled 

tri als are con vinc ing exclu sive of the dif  culty of recruit ing a 

 suf  cient num ber of sub jects. For a dis ease in which the nat u ral 

his tory is one of invari ably relent less pro gres sion and death, the 

improve ment and sur vival of a rel a tively small num ber of sub jects 

is per sua sive evi dence of ef cacy and is suf  cient for reg u la tory 

approval. Sim i larly, a major ben e fit of a treat ment vs. pla cebo in a 

small num ber of n of 1 tri als with repeated, con fir ma tory obser-

va tions in each sub ject gives defin i tive infor ma tion for indi vid ual 

cases. In both instances two major lim i ta tions are noted: (1) It 

is uncer tain what pro por tion of patients will ben e fit from treat-

ment, and (2) insuf  cient data on adverse effects of treat ment are 

 gen er ated.

The design of a clin i cal trial for eval u at ing an  exper i men tal 

treat ment for a rare dis ease may fol low many approaches: a 

 num ber of them can achieve cer tain econ o mies in terms of the 

required num ber of par tic i pants. How ever, the options are not 

with out their draw backs and require inves ti ga tors to make a 

num ber of  assump tions, some of which can not be ver i fied. It is 

clear that care ful con sid er ation needs to be made regard ing those 

assump tions to iden tify the study design that best fits the research 

ques tion [25–28].

IRB and HI PAA issues regard ing research in rare dis eases

Nav i gat ing the require ments of domes tic Insti tu tional Review 

Boards (IRB’s), inter na tional eth ics boards, and the U.S. Health 

Table 1

Cross-over tri als for rare dis eases. The admin is tra tion of one or more exper i men tal 

ther a pies (often includ ing pla ce bos) one after the other in a spec i fied or random 

order to the same group of sub jects.

Advan ta ges

 All sub jects serve as their own con trols and error var i ance is reduced thus 

 reduc ing sam ple size

 All sub jects receive treat ment (at least some of the time)

 Sta tis ti cal tests assum ing ran dom i za tion can be used

 Mask ing can be main tained

Dis ad van tages

 All sub jects receive pla cebo or alter na tive treat ment at some point

 Wash out period can be lengthy or unknown

 Can not be used for treat ments with per ma nent effects or in dis eases that change 

 over time

Table 2

“N-of-1” tri als for rare dis eases. Ran dom ized, multiple cross-over tri als (often 

includes pla cebo) in which an indi vid ual sub ject serves as her/his own con trol. 

Con sec u tive peri ods are paired and treat ment order is ran dom ized inde pen dently 

for each period.

Advan ta ges

 All sub jects receive treat ment (at least some of the time)

 The ben e fit and side effects of the treat ment are deter mined for the spe cific 

 sub jects

 Mask ing can be main tained

Dis ad van tages

 All sub jects receive pla cebo or alter na tive treat ment at some point

 Wash out period lengthy or unknown

 Requires that dis ease and out come vari ables be sta ble or lin e arly pro gres sive

 Pro vides poor infor ma tion on the ben e fits/side effects in a larger pop u la tion of 

 sub jects



24 R.C. Gri ggs et al. / Molecular Genetics and Metabolism 96 (2009) 20–26

Insur ance Por ta bil ity and Account abil ity Act (HI PAA) reg u la tions 

are daunt ing for both new and expe ri enced inves ti ga tors in rare 

dis ease as the com plex ity of adher ence to HI PAA reg u la tions is 

ampli fied when con duct ing clin i cal tri als in rare dis eases. An 

under stand ing of the fun da men tals of human sub jects pro tec tion 

reg u la tions rel e vant to clin i cal research and the role of gov ern-

ment agen cies (e.g., the Ofce for Human Research Pro tec tions, the 

Food and Drug Admin is tra tion, and the Ofce of Civil Rights) is a 

crit i cal foun da tion for ef cient, high-qual ity, and eth i cal research, 

in rare dis eases.

Main tain ing the ano nym ity of par tic i pants is a  par tic u lar 

 chal lenge for rare dis ease research due to inher ently smaller 

affected pop u la tions, yet is ger mane as those afflicted with rare 

dis eases and their fam i lies can be more vul ner a ble to dis crim i-

na tion (e.g. insur abil ity, employ abil ity, etc). Some strat e gies to 

pro tect the ano nym ity of research par tic i pants and their fam i-

lies include: phys i cal con trols (lim ited and cen tral ized access to 

data), restricted use and dis clo sure of pro tected health infor ma-

tion (PHI), and employ ment of Cer tifi  cates of Con fi den ti al ity. Cer-

tifi  cates of Con fi den ti al ity are issued by the National Insti tutes 

of Health (NIH) to pro tect iden ti fi able research infor ma tion from 

forced dis clo sure. They allow the inves ti ga tor and oth ers who have 

access to research records to refuse to dis close iden ti fy ing infor-

ma tion on research par tic i pants in any civil, crim i nal, admin is tra-

tive, legislative, or other pro ceed ing, whether at the fed eral, state, 

or local level [10].

Research reg is tries are an impor tant part of con duct ing rare 

dis eases research. How ever, access to and uti li za tion of the infor-

ma tion col lected by reg is tries includes com pli cated eth i cal and 

pri vacy issues. The uti li za tion of a cen tral data coor di na tion cen ter 

can lower IRB and HI PAA hur dles by pro vid ing stan dard ized con-

trols for what data are col lected, who/what enti ties have access to 

data, and spec i fi ca tions for how/by whom reg is trants can be con-

tacted.

Solu tion-based dis cus sions on human sub jects issues spe cific to 

rare dis eases research also require spe cial atten tion. These include 

strength en ing inves ti ga tor rela tion ships with patient advo cacy 

groups and suc cess fully nav i gat ing local IRB review of multi-cen-

ter stud ies by vol un teer ing/pro vid ing much needed exper tise in 

rare dis ease areas.

Research train ing for rare dis ease research

Research train ing strat e gies, includ ing cur ric ula and men tor ing 

require ments for clin i cal inves ti ga tors in rare dis eases do not nec-

es sar ily dif fer from those employed for other clin i cal research. How-

ever, the abso lute require ment that train ing pre pares the inves ti ga tor 

for the chal leng ing task of sup port ing a research pro gram man dates 

dis tinct con sid er ations for rare dis ease research (Table 3). It could be 

argued that those inter ested in a rare dis ease should con sider the 

option of study ing both a com mon as well as a rare dis ease in order 

to cross-sub si dize their focus on a rare dis ease.

The cur ric u lum for research train ing includes bio sta tis tics and 

epi de mi ol ogy and can often occur within a mas ters pro gram in 

clin i cal and trans la tional research or pub lic health. The bed rock 

of train ing is the men tor ing team: a sin gle men tor who is a role 

model, well-funded for rare dis ease research and has  dem on strated 

men tor ing suc cess; a bio stat is ti cian with time and inter est in the 

trainee’s focus; and a basic sci en tist inter ested in the trainee’s spe-

cific dis ease focus. An essen tial qual ity com mon to all ideal men-

tors is gen er os ity (Table 4). The selec tion of the right men tor is 

essen tial for all train ees—basic or clin i cal. For rare dis ease research 

train ing, this means work ing with a men tor who has learned the 

research strat e gies essen tial to pur sue study of a rare dis ease, 

includ ing gar ner ing sup port.

Train ing strat e gies for clin i cal sci en tists are dif fer ent from those 

for basic sci en tists (Table 5). For basic sci en tists a sin gle super vi-

sor/men tor and a sin gle focus are ideal. For clin i cal/trans la tional 

train ing a men tor ing team is essen tial; and it is often impor tant to 

pur sue one or more clin i cal pro jects at the same time since some 

of the high est qual ity clin i cal stud ies are lon gi tu di nal—mak ing it 

dif  cult to pub lish the results within a rea son able period of time 

from the ini tial design of a pro ject. Work ing col lab o ra tively on sev-

eral lon gi tu di nal stud ies at var i ous stages is often the key to high 

pro duc tiv ity. Train ees can often have their own indi vid ual pro-

jects based on data-min ing, sub set anal y ses, or ancil lary stud ies 

based on ongo ing or com pleted lon gi tu di nal stud ies. Rare dis ease 

research train ing ide ally occurs in an envi ron ment rich in ongo ing, 

well-funded inves ti ga tors and lon gi tu di nal pro jects.

“Pro tected-time” is the man tra of the aca demic cli ni cian whose 

men tors have argued that an exces sive ser vice load—for either rev-

e nue sup port or to help a depart ment meet “clin i cal mis sion”—can 

inter fere with research-skill devel op ment and pro duc tiv ity. How-

ever, it is crit i cal for the rare dis ease trainee to gain exten sive clin i-

cal expe ri ence in “their” dis ease. More over, the sup port of a patient 

pop u la tion is needed for clin i cal research ini tia tives.

The pro lif er a tion of grad u ate degree-grant ing pro grams for 

clin i cal research has fos tered organized cur ric ula that pro vide 

both didac tic and men tored, hands-on train ing in skills needed for 

a suc cess ful career. For mal, practical courses in grant writ ing are 

par tic u larly help ful.

Suc cess ful train ing pre pares the trainee to secure extra mu ral 

sup port and resources to fund an inde pen dent research pro gram 

with the rec og ni tion that clin i cal research is labor- and per son-

nel-inten sive. Opti mal train ing includes seek ing and receiv ing 

gov ern ment, pri vate foun da tion, and indus try sup port as well as 

expe ri ence in phil an thropic sup port devel op ment. Devel op ing and 

fos ter ing rela tion ships with patients and advo cacy orga ni za tions is 

essen tial. Finally, fund ing is inher ently cycli cal: aca demic insti tu-

tions are rarely in a position to pro vide substantial pro gram matic 

main te nance sup port and fund ing agen cies have lean years. Find-

ing or cre at ing a position which has substantial “reserves” has to 

be the goal.

Con clu sion

The sci en tific meth od ol ogy, finan cial resources, and logis tics 

of clin i cal research for rare dis eases have changed dra mat i cally in 

the past two decades with these changes result ing in sub stan tially 

increased under stand ing of the path o phys i ol ogy of these dis or-

ders, many new treat ments, and direct ben e fit to patients with 

many of these dis eases. There are many other resources which 

can be brought to bear on rare dis ease research (Web Table 1). 

Table 3

Skill sets essen tial for research on rare dis eases.

Recruit ing and retain ing sub jects

Devel op ing multiple streams of extra mu ral research fund ing

Abil ity to achieve dis ease-cen tered devel op ment/phi lan thropy

Devel op ing ther a peu tic agents with small “mar kets”

Obtain ing/gain ing access to ther a peu tic agents

Estab lish ing equi poise in inves ti ga tors and patients

Table 4

Assess ing the gen er os ity of men tors.

Qual ity (vs quan tity) time—avail able when needed?

Author ship of papers (group, first, final)—are they usu ally first or final author on 

 all papers?

Reviews for jour nals fre quently

Men tor ing with jour nal reviews—Will ing to help you review arti cles

Grant rec og ni tion/inclu sion—are pre vi ous men tees PI on their own grants?
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Although chal lenges spe cific to study ing rare dis eases remain, the 

 oppor tu ni ties for con trib ut ing to excit ing sci en tific  dis cov er ies, 

forg ing suc cess ful research careers, and, most impor tantly, improv-

ing the lives of people with rare dis eases have never been bet ter.
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