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blems ",elated to Risk-Benefit 
A,ssesw~x~enPs in Clinical Featin 
V a ~ 1 c i . n ~ ~  by Gunnar Bjune and Truls W. Gedde-Dahl 

Since 1975 Norway has ex- 
perienced the hlghest incidence of 
disease caused by serogroup 
meningococci [MCdB) in Europe. The 
disease has mainly afflicted children 
and teenagers. The fatality has  been 
about 10 percent, and another 20 
percent have survived with 
seq~elae . ' -~  An outer membrane ves- 
icle vaccine was developed a t  
Natlonai Institute of Public Health 
(NIPH) in Oslo and passed success- 
fully through phase I1 trials including 
about 7,000 adults. In October 1988 
we started a pIacebo-controlled, 
double-blind, school-randomized ef- 
ficacy trial, phase 115 in all Norwegian 
secondaw schools. The Norwegian 

Oovernrnent guaranteed compensa- 
tion to participants in cases of any 
damage caused by the vaccine, Two 
injections of vaccine or placebo were 
administered during a period of four 
months to a total of 173,000 sub- 
jects. Side effects and possible com- 
plications were reported instantly to 
the NIPH and, if judged "serious," by 
phone to the4-Ethical Review Corn- 
mittee (ERC). ERC was also con- 
tinuously informed about reported 
cases of possible MCdB. During the 
trial ERC was the only body that 
could check for a n  individual's vacci- 
nation status, whether placebo-in- 
Jected, vaccinated. or nonpartici- 
pant. The trial was closed and 
analyzed 3 June 1991 and showed 
significant protection (p=O.Q12) with 
a protection rate of 57.4 percent and 
a 95 percent confidence interval of 
28-90 percent.6 

Eleven adverse events were ini- 
tially reparted as "serious." Four were 

In the placebo group and seven 
among vaccinees. Of the latter, four 
were various neurological conditions 
of unknown etiology. As soon as the 
protective effect could be assessed 
against observed side effects and se- 
rious events recorded, it was decided 
that the former placebo group should 
be offered vaccine. Thus, the phase 
111 persons in the relevant cohorts 
immediately continued (in this case 
partly rearranged) in a n  extended, 
open phase IV trial (Nb). This sort of 
comparison in fact started a s  a half 
open phase IV trial (IVa) simul- 
taneously with the proper phase I11 
trial. Those included in phase 111, of 
whom about half were vaccinated, 
were compared to those in the same 
cohorts who did not participate. All 
the vaccinated indlvkduals (140,000) 
were compared with all nonvacci- 
nated in the same cohorts (95,000) 
acting as controls. All cases of 
possible MCd and vaccine side effects 
as well a s  any case of relevant neuro- 
logical diseases were recorded and 
w l U  be analyzed at  fixed intervals 
through July 1994. 
During the clinical testfng of this 

vaccine we were confronted with 
several ethical problems, some of 
which are inherent in any large-scale 
testing of vaccines in large groups in 
natural target populations. General 
problems related to the risk-benefit 
assessments will be discussed in this 
paper from the perspective of a vac- 
cine developer. In another paper we 
dlscuss problems related to lnformed 
consent in young adolescents who 
were the sub'ects in the major pro- 
tection Mal. rl 

Are Vaccine Trials Therapeutic or 
Nontherapeutic Experiments? 

In any research involving human 
beings there must be a reasonable 
balance of risks and benefits. In The 
Helsinki Declaration this balance is 
seen from the individual participant's 
point of view.' For a new drug that 
can potentlally or most likely heal or 
improve the patient's disease, bene- 
fits are fairly noncontroversial. In 
phase I studies of organ toxicity and 
drug metabolism in healthy volun- 
teers, however, since the individual's 
health gain zero, the risk ought to 
,be minimal. This is a classical ex- 
ample of a nontherapeuttc expen- 
ment. 

The more serious the disease. the 
hi her is the level of acceptable risks 
i d erent in the therapy to be tested. 
Ideally, the risks in a nontherapeutk 
trial involving children should not 
exceed those of ordinary daily life. 



Phase I trials are made managea- 
ble by involving a minimal number 
of test subjects, often including the 
researchers themselves, The re- 
search proceeds slowly and cautiously 
with an intensive-care-unit type 
monitoring of the participants' vital 
functions. The carehl monitoring is 
expepsive and cumbersome. Con- 
sequently, the researchers want to 
involve patients as  soon as possible, 
to proceed to a therapeutic setting 
where a higher level of risk is permitted 
by regulations and ethical codes. 

I n  vaccine trials there are no 
"patients" in that only a small num- 
ber of the vaccinees will ever become 
victims of the disease even if no effec- 
tive vaccine is given. Vaccine trials 
are thus commonly defined as non- 
therapeutic. Consequently, there is a 
general requirement for pretrial pro- 
jections of very law risk. Some have 
argued that this is not fair; like 
patients in a drug trlal, they contend, 
participants in a vaccine trial may 
benefit by being protected against a 
future health threat. However, since 
phase I to phase I11 vaccine Mals 
cannot refer to more than a very 
marginal and uncertain health bene- 
fit to participants, we concur that 
they should be considered nanther- 
apeutic. A s  soon as vaccine testing 
passes inta phase KV we will have 
some knowledge about the vaccine's 
protective efficacy. For diseases 
which are perceived by the individual 
as  a personal threat, whether on the 
basis of prevalence, severity, or cul- 
tural attitudes, clinical testing of an 
efficacious vaccine (phase IV1 must 
be regarded a s  a therapeutic trial. 
The distinction between therapeutic 
and nontherapeutic biomedical re- 
search is actually problematic for any 
trial with a placebo control group, 

inolagy should probably 
be revised. 

The Problem of "Unknown Risks" 

Risk calculations in vaccine 
may be seen as qwlltatrvely different 
from those of drug trials due to the 
large number of volunteers partici- 
pating. There are four risk categories 
we must consider: 

1. Risks inherent in the admin- 
istration procedure, e.g, the in- 
jectfon. 

2. Toxic components in the vac- 
cine such a s  bacterial toxins, 
additives, etc. 

3. Risks of immunological reac- 
tions, particularly severe aller- 
gic reactions. 

4. Unknown risks. 

A correctly executed injection car- 
ries a known, but negligible risk. 

The coiltents of a vaccine are usu- 
ally totally nontoxic in the dosages to 
be used. In the menlngococcal-B- 
vaccine, the only toxin of concern is 
lipopolysaccharides (endotoxin) that 
can be measured and extensively 
tested in animals before any human 
experiments are undertaken. '' 

The antigenic molecules in a vac- 
cine generally belong to the known 
universe of natural molecules to 
which we are all exposed, and usu- 
ally carry a minimal rlsk for eliciting 
allergic reactions. 

What rernaius is the frightening 
concept of serious "unknown risks." 
What can we know about "unknown 
risks" before we start clinical testing7 
By definition, we know nothing! The 
only tkltry! we can "know" about un- 
known risks, is what we experience 
durtng testing. At any stage we can 
know how many individuals are 
tested, and whether-so far-any se- 
rious event has been reported. 

The level of theoretical, maximal 
risk for a serious reaction can be 
calculated on the basis that the in- 
jection has passed uneventfully in all 
Nprevlausly tested subjects (where N 
is the nyqber  of previously tested 
subjects). When the true propor- 
tion affected by a serious vaccination 
complication in the infinitely large 
population is designated P, the prob- 
ability that one vacchee will be un- 
affected is (1-P), and the probabili !7 for getting N unaffected will be ( 1 -P) . 
Using a B5-percefit confidence Inter- 
val corresponding to type I risk, the 
probability for such a n  extreme re- 
sult under the null-hypothesis will 
be: 

p = 11-p)~ 
At the time of pretrial review of the 
protocol, the  ethical committee has  
to make sure that: 

1, The trial is planned in steps 
with group sizes and safety pre- 
cautions that seem justified in 
the light of  the maximal, 
theoretical risk calculations at 
any given time; 
2. the system to d~agnose and 
report any serious event is of 
sufficiently high quality and 
speed; 
3. the investigators have a real- 
istic and efficient plan for imme- 
diate termination of vaccination 
if reparts indfcate that the vac- 
cine has  caused serious reac- 
tions; and 

4. any large-scale clinical trial 
where "unknown ri$ks" consti- 

tute a potentla1 threat to the 
safety of the participants have 
an independent ethical moni- 
toring committee with authority 
to ash for immediate termina- 
tion ol the trial if justified by 
observed incidents. 

Neurological Diseases of 
Unknown Etiohgy 

The most feared situation in any 
vaccine trial Is that cases of severe 
neurological disease of unknown 
etiology will be reported among the 
participants in the first weeks after 
an injection. According to current 
beliefs, such cases must be regarded 
a s  possibly related etiologically to 
vaccination, 

We have in current use two vac- 
cines known to cause such diseases: 
the sheep-brain-derived rabies vac- 
cine, which causes about one case of 
myeloencephalitis in 400 vaccinated 
indtvld~als , '~ and the live attenuated 
poliovaccine, whtch is responsible for 
one case of vaccine paralysis in 1 mil- 
lion vaccinees.14 In addition, the 
whole-virus influenza vaccine is sus- 
pected of very rarely causing poly- 
radicul~giyelitis (Guillain-Barrt Syn- 
drome), and until about ten years 
ago the DPT vaccine was suspected 
of causing sudden infan deaths and 
severe brain damage.'' Except for 
the two first vaccines where the 
cause-effect relationship is estab- 
lished, a group of severe central nerv- 
ous system diseases is presently 
thought to be triggered in a few sus- 
ceptible individuals by drugs, 
various infections, vaccines, or corn- 
binations of these. 

No testable mechanisms have been 
discovered, and our knowledge of 
possible antigens that might trigger 
such reactions 1s rudimentary. Only 
meticulous registration of any case of 
such diseases among vaccjnees and 
in a comparable control group c a n  
demonstrate whether there is an  as- 
sociation. This a painful exercise and 
usually includes several years of re- 
cording what the public, and some- 
times even the authorities, might 
perceive as vaccine compl~cations. A 
less meticulous registration will keep 
the vaccine "rlean" during its Intro- 
duction. but will only postpone the 
problem to a stage where it is much 
more difficult to deal with. 

OwhX to the rare spontaneous oc- 
currence of such cond~tions in the 
population, different measures 
should be taken for such events in 
different phases of vaccine testing: 

1. A single case of such a dis- 
ease reported durlng a small- 



scale trial (phase I or 11) should 
lead to Immedlatc suspension of 
the trial. Maximal efforts should 
be made to identify a possible 
causal relationship with the 
vaccine. If' the chance for a rela- 
tionship is not negligible, the 
candidate vaccine should prob- 
ably be excluded from further 
clinical testing. 
2. In large-scale testing (phase 
III or IV), the size of the popula- 
tion itself makes it very likely 
that a few such cases wlll be 
detected, if the detection system 
is  working adequately. The 
measures taken should be ad- 
justed accordingly. The investi- 
gators are obliged to look very 
carefully for a possible causal 
relatian with both statistical 
and  experimental biological 
tools, but  a s  the outcome of this 
research will be indicative at 
best, the ethical committee 
must be prepared to accept 
further clinical testing under 
strict supervision. 
Provided the investigators have 
a sufficiently effective system 
for reporting adverse events, the 
consequence of a more restric- 
tive attitude would be to stop 
most new vaccine development 
at this stage. 

The Risk Problem in 
Individual vs. Societal Contexts 

The Helsinki Declaration is firm in 
its insistence that "in research on 
man, the interest of science and 
society should never take precedence 
over considerations related to the 
well-being of Ihe s~b jec t . "~ '  The 
point has been criticized both by rep- 
resentatives of developing countries 
and by epidemiological scientists. 
This is understandable, as develop- 
ing countries for econamical reasons 
must go on using the sheep-brain- 
denved rabies vaccine, for example, 
while simultaneously new vacctne 
development for the major Third 
World infections I s  severely 
hampered by restrictions on chnical 
testing. Epidemiological research 
commonly offers benefits only for the 
society and not for the individual par- 
tfcipan t. 

When we proceeded from phase III 
to phase IV trials uf McdB vaccine 
among Norwegian adolescents, we 
had records of single cases of severe 
neurological disease of unknown en- 
 do&^ among vaccinees. At the same 
time, we also had data for vaccine 
effkacy showing that further use of 
the vaccine would save a predictable 

number of persons from death and 
disabflity. If the disease is relatively 
rare, we zy3mittedly offer a vaccine 
that is more for the benefit of the 
society than for the individwal. If the 
vaccine also has the potential of in- 
terrupting the transmission of the 
infecting agent, the gam of the society 
is greatly enhanced with ~ninimal ef- 
fect for the individual. 

During the last five years of small- 
pox eradication, more people died 
from vaccine complications than 
from smallpox itself. Was the cam- 
paign unethical because of this, or i s  
the question of no interest because 
the vaccfne was not an experimental 
vaccine? At present there is a detri- 
mental lack of both phase TV trials of 
vaccines and post-marlretlng studies 
for drugs." The effect of a very re- 
strlctive interpretation of T h e  Helsinki 
Declaration, considering all such uiaIs 
as designed to respond ta societies' 
needs, can thus be that we continue 
to use tools in disease control that 
have never been tested for perfor- 
mance in practical, routLne use. 

The society also runs risks in un- 
dertaking-or omitting-clinical test- 
ing. The interests at  stake are not 
those of the trld ppaxclpants, but 
those of future users of the new in- 
tervention. We believe that the Decla- 
ration should be revised to state that 
investigators have an obligation to 
arrange for some sort of phase N 
trials. Ethical committees should be 
more active in demanding follow-up 
after phase 111 has shown protection 
tn a deftned population. 

T h e  "Nocebo" Effect 

The word placebo literally means ''I 
will please you," In drug trials the 
"placebo effect" leads to analytical 
problems because it adds to the ap- 
parent pharmacological effect of the 
drug. Only when a placebo control is 
used can this be corrected for. In 
vaccine trials we deal with it's coun- 
terparQ "nwcebo," literally "1 will harm " 1 you. Based on past experience 
with vaccinations, the test subjects 
expect side effects. They are also in- 
formed that certain problems might 
occur-and they do indeed feel 
themn2' Contrary to the situation ~n 
a drug trial, there are no expectations 
for "feeling good" after a vaccination. 
In various phase I1 trials 20 to 40 
percent of controls have reported 
various systemic ailments, such as 
fatgue, nausea, or dizziness, after 
injection of the placebo preparation. 
The Frequency of such reactions has 
not been significantly hhlgher among 
uaccinees than among placebt~in- 
f ected individuals. 

Generally, these ailments decrease 
with time after the injection and with 
increasing motivation for partlci- 
pation. Yet from the West Indies, in- 
stant death has been reported a s  a 
nocebo effect. In vaccine trials, the  
majority of the nocebo-induced ail- 
ments are minor. Stfll. they add s%- 
nificant harm to the participants 
compared to the trauma of injections 
and blood sampling. Blood sampling 
is seen by some as  the upper limit for 
acceptable harm to test subjects in 
nontherapeutic trials. If this is the 
view of the ethical review committee, 
the limits are In reality too narrow for 
vaccine testing where nocebo effects 
add to the discomfort. The informa- 
tion required to be disclosed to par- 
ticipants is probably a signifrczmt 
cause of nocebo ailments. Providing 
"good information" to volunteers 
should not enhance their e.qectation 
of side-effects or threaten the blind- 
ing of the triaL2' 

The Risk of Ecological 
Side Effects 

The public health objectives for the 
use of a vaccine can be: 

1. Eradication of the disease 
in question. If the vaccine in- 
terrupts the chain of transmis- 
sion and the causative 
microorganism is found exclu- 
slvely in man, a generally high 
vaccination coverage can totally 
eradicate the disease from the 
face of the earth. These factors 
helped much in the eradication 
of smallpox. However, it was 
isolation and containment as- 
sisted by a high vaccination 
coverage around the surveil- 
lance-traced suspected cases 
that led to its final eradication. 
2. Elintination of the disease. 
If a vaccine affords full protec- 
tion to the vaccmees but does 
nothing to the infectious reser- 
voir, as e.g., the tetanus vac- 
cine, the disease will reappear 
as  saon as the immunization 
program is interrupted [given 
tYlat hygienic factors are not 
changed simultaneously). 

3. Control of the disease. 
Widespread use of the vaccine 
can prevent the disease from 
being so prevalent that it repre- 
sents a he Jth burden to the 
general public. 

For many infectious diseases 
circulation of the causative agent or 
closely related microbes provides the 
population with a substantial "natu- 
ral immunity." If the vaccine inter- 



feres with the circulation of the mi- 
crobe without fully eradicating it, a 
large number of unprotected In- 
dividuals will build up before the 
microbe again appears in the popu- 
lation. The result might be an in- 
creased disease problem or a higher 
rate of severe complications in the 
intermediate or long run. Let us pre- 
sume there is a vaccine against 
meningococca~ disease that prevents 
carriage of meningococci by healthy 
individuals. Most of the meningococ- 
cal strains in carriers never cause 
disease, but on the contrary con- 
tribute to immunity Ln the nonvacci- 
nated population. A reduction of car- 
riage rate of these "useful variants" of 
the bacteria could thus decrease the 
natural resistance of those not vacci- 
nated. 

Such ecological side effects of a 
future use of the vaccine are usually 
a matter of no concern to a commer- 
cial vaccine developer. It is handed 
over to the ethical committee to eval- 
uate, and is frequently ignored also 
by the committee. 

Ethical review should pay atten- 
tion to the possibility of ecological 
side effects and request the investi- 
gators to secure relevant samples 
and data to assess these side effects 
at the end of the trial. Such data can 
usually be collected during phase I1 
and 111 trials, but can rarely be eval- 
uated precisely until larger scale 
phase N studies are conducted. 

Consequences 

New vaccine development has re- 
cently entered a revolutionary stage 
due to evelopments in gene tech- 
nology.8 This technology could 
potentially give ua vaccines to pre- 
vent nearly twenty million deaths an- 
nually and mare than half of the 
world's physical disability, In addi- 
tion, the same technologies give new 
speed to development of contracep- 
tlve vacclnes, anti-cancer vaccines, 
and possibly vaccines to prevent con- 
ception of offspring with genetic dis- 
eases and birth defects. Modern vac- 
cine research thus constitutes a 
major challenge for medical ethics. 

These possibilities are not science 
fiction. A large number of new vac- 
cines are already at  an advanced 
stage of baslc research, mostly in 
umversities or other governmentally 
controlled research inst~tut ions.  
Some of them have entered cljnical 
trials, while the majority are due for 
clinical testing in  the very near fu- 
ture. However, during the last thirty 
years most government-based pro- 
duction facilities in the industriaIized 

world have been closed.23 Production 
fac~lities in developing countries are 
few and have so far usually been 
substandard with regard to quality 
control. Due to the recent opening up 
of the world economy. production 
faclllttes in former communist coun- 
tries are also in deep trouble owing to 
stricter quality control regulations. 
Costs of large-scale clinical testing 
have been sky rocketing after the 
swine influenza event in the US. in 
1976. m e  bulk of the health problem 
that can be attacked by new vaccines 
is located in poor, developing coun- 
tries. These countries will not be able 
to buy new vaccines at  a price that 
could give the industry a reasonable 
profit for investment. 

The intellectual and academic 
"profits" are still high enough to sup- 
port basic vaccine research in 
governmental institutions. However, 
when a new and promising vaccine 
candidate is developed in the labora- 
tory the vaccine is most often 
patented by a commercial company. 
Unfortunately, the prospects of profit 
are too poor to justify production and 
efficacy testing for Me time being. 
The patents, however, are cheap to 
acquire and can be activated later. 
Since World War 11, nearly all wars 
have been fought in the tropics. New 
vaccines to protect military person- 
nel from the North have thus become 
a very interesting future market. Due 
to the hlgh cost of efficacy testing, the 
marketing period protected by a 
patent is too short to make any new 
vaccine available at a reasonable 
price, whatever the cost of produc- 
tion. To protect the vaccine against 
cheap copies, the commercial pro- 
ducers have taken the lead in setting 
standards for quality control. By es- 
tablishing ahd patenting a compli- 
cated control method, they can pro- 
tect a new gene-technology-based 
product even if the product itself is 
very simple to manufacture. Due to 
fear of these "mysterious" products, 
governmental control authorities 
very rarely have the courage to over- 
rule such self-inflicted control meas- 
ures. 

Some solutions to these problems 
have been suaested by the scientific 
community: 

1. Public funding should secure 
basic research and develop- 
ment and clinical testing ac- 
cording to openly discussed 
priorities. The industry should 
be invited to produce the vac- 
cine on contract for production 
costs plus a reasonable profit. 
There should be an inter- 
national body for collaboration 

between governmmtally fi- 
nanced vaccine R&D and in- 
dustrial production expertise. 

2. Quahty control of vacclnes 
should take proper and 
balanced care of what is useful 
for developing countries. An in- 
ternational body for quality 
control, like that already estab- 
lished for drugs useful in de- 
veloping countries, should 
include vaccines. 

3. As clinical trials (phase 111 
and N] are unanimously seen 
a s  essential. their practical 
feasibility should not be ham- 
pered by unbalanced applica- 
tion of the text of ethical rules. 
Special ethical guidelines far 
cIinical trials with vaccines 
should be established. either by 
flexible interpretations or 
amendments of The Helsinki 
Declaration or by considering 
large-scale vaccine trials (phase 
111 and TV) as a special case of 
epidemiological research in the 
new CIOMS International Guide- 
lines -for- Ethfcal Reutew of Epi- 
demiological st 

Our Main Conclusion 

Ethical guidelines for clinical test- 
ing of vaccines should pay specific 
attention to the problems of how to 
handle "unknown risks," bow to re- 
cord and follow up on cases of neu- 
rological disease of unknown eti- 
ology, how to inform participants ta 
minimize the "nocebo" effect, and 
how to safeguard against ecological 
side effects. 
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The NIH has awarded a contract for 
a comprehensive study of the system 
for protection of human subjects.' 
The only previous comprehensive 
national assessment of the ZRB sys- 
tem was conducted in the mid-1970s 
for the National Commission for the 
Protection of Human ~ u b j e c t s . ~  The 
study's findings helped to shape the 
Commission's recommendations 
about the system for protecting 
human research subjects, which in 
turn had an influential role on the 
content of the 1981 regulat i~ns.~ In 
the years that have passed since the 
Commission's study and the 1981 
regulations, sweeping changes have 
occurred in the biomedical, be- 
havioral, and social science research 
that falls under the purview of the 
human subjects protection program. 
In light of these changes, the NIH 
datermtned that it was tlmeIy to ex- 
amine how well the system had been 
able to adapt. After consultations 
with the extramural research com- 
munity and a feasibility study, the 
NIH drafted the framework for a com- 
prehensive study of the performance 
of the human subjects protection 
system. This provided the baas for 

RFP that was issued in August 
1881 WE'P NIH-OD-81-12). 

AS described in NIH's RFP, the 
study has a number of major, inter- 
related objectives. These include as- 
sessing how the current system oper- 
ates to protect the rights and welfare 
of research s~rbjects a-nd the "costs 
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15. Sabanek, TJ. J~wTellce, DN, Kurhnd. LT, 
et aL and the Expert Neurology Group: Re- 
assessment of the association between 
Guillaln-Ban6 syndrome and receipt of 
s m e  iqiluenza vaccine In 1976-1977: Re- 
sults ofa two-state study. Americm bur- 
NllofEp&kmlc&y 1991; 133:940.51. 
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and burdens" of the program to the 
institutional groups implementing 
the regulations. The goal is to develop 
data-based recommendations con- 
cerning federal or institutional-level 
changes in policies and procedures 
that "would be likely to improve the 
program's performance." These and 
other topics will be examined 
through a variety of specific research 
questions and measures dealing with 
four aspects of the TRB system: (1) 
outcomes of IRB review, (21 the 
volume and content of the work being 
done by IRBs [output), (3) the operat- 
ing procedures used by the IRBs 
[process), and (41 the resources (time 
and financial) required to operate the 
system. The study methodology in- 
cludes interviews and surveys with 
IRB staff and members, investiga- 
tors, research subiects, and institu- 
tional and gover&ental officials; 
field research; document analysis; 
and a comprehensive review and 
arialysis of the literature. A s  early 
planning progresses, the research 
and IRB communities are invlted to 
communicate with the project staff 
regarding salient issues. In particu- 
lar, project staff would appreciate in- 
formatron about any unpublished 
studies or research-in-progress that 
could be Included in the literature 
review. 4 
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