
A "Desperation-Reaction" Model of
Medical Diffusion

by Kenneth E. Warner

Knowledge about the adoption and digusion of innovations is
briefly reviewed. A model is then proposed to explain how cer-
tain innovation.s, intended to address dire medical problems,
might diffuse in a manner not previously reported, with ex-
tensive digusion occurring during what would be a period of
small-scale experimentation and limited adoption in the con-
ventional innovation-diffusion environment. The model is illus-
trated with findings from a case study of the diffusion of drug
therapies for four types of leukemia. Possible implications of
"desperation-reaction" digusion are suggested.

New technology and new techniques in medicine have eased suffering,
prolonged survival, and produced cures that would have been impossible
a decade ago. At the same time, technical change in medicine has contributed
to resource wastage and inflation. The profound and pervasive effects of
technical change extend to the organization of medical care delivery, to in-
creasing specialization among health professionals, and to societal expecta-
tions about the role and potential of modem medicine [1,2].

Despite their interest and importance, processes of technical change in
medicine are only poorly understood. Relatively little of the research on
the stages of technical change [3,4] has focused on medical care; and, as
Kaluzny observed in this journal [5], "There is a need for caution in making
generalizations about the health system based on innovation studies in other
areas." In fact, recognizing the economic idiosyncrasies of medical care-the
unorthodox nature of both supply and demand-one might expect some of
the processes of technical change in medicine to differ from their counter-
parts in more conventional economic settings.

Through theoretical consideration and through discussion of some find-
ings from an empirical study, this article focuses on diffusion of medical in-
novations-the final stage of medical technical change-in a specific con-
text: namely, the introduction of an innovation, relatively inexpensive and
easy to adopt, that is designed to address a dire medical problem, for example
a terminal illness. Diffusion has not been studied in this context before, and
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it seems likely that, in this context, diffusion differs significantly from that
which has been reported previously.

Diffusion
Research on the diffusion of innovations can be categorized as multi-

disciplinary (though individual studies are rarely interdisciplinary). While
the majority of studies have been undertaken by scholars in sociology and
closely allied fields [4,6], economists [7-9], political scientists [10-12], and
others have lent their perspectives to the effort to understand this important
phenomenon. Differences in interests and methodologies make comparability
difficult at times, but several common themes run through most of the litera-
ture. Here I shall note only broad generalizations relevant to the ensuing dis-
cussion. Problems and deficiencies have been discussed elsewhere [4,13].

The student of diffusion is concerned with three phenomena: the speed of
diffusion, its extent (what percentage of potential adopters ever adopt the
innovation), and patterns of diffusion (including the shape of the time path
of diffusion, patterns of geographic spread, and patterns of diffusion among
members of a social system). A great deal is known about factors that pro-
mote adoption of innovations by persons and by organizations; less is under-
stood about the specific mechanisms of diffusion. Much has been conjec-
tured about the latter, but good empirical studies (for example, refs. 8 and
14) are relatively few in number.

Factors that influence adoption decisions and consequently the rate of
diffusion include (1) innovation-specific characteristics, (2) adopter-specific
characteristics, and (3) situation-specific characteristics. The first of these
categories covers matters such as the innovation's relative advantage, the
amount and nature of its monetary costs, its compatibility, its complexity,
and its testability. The second category includes the potential adopter's po-
sition (or integration) in the relevant social system, his or her attitudes to-
ward risk and uncertainty, and his or her education and other socioeconomic
and personality characteristics. At the organizational level, relevant charac-
teristics include the organization's size, slack, and centralization. (Inno-
vation-specific and adopter-specific characteristics are defined and discussed
in refs. 4 and 6. )

The third category-those contextual or environmental factors that in-
fluence adoption decisions, given an innovation and a set of potential adop-
ters-is rarely considered, in part because it is not invariably distinct from
the first two. However, it plays a significant role in medical technical change,
and particularly in the medical diffusion process considered later in this
article. A general example of the third category is the influence of a medical
organization's financing mechanism on the fact or timing of its adoption
of a medical technology: physicians and administrators who are similar
in all of the relevant adopter characteristics may arrive at different deci-
sions about the adoption of a given technology if they are in a fee-for-
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Fig. 1. The conventional diffusion of
innovation curve.

service environment than if they operate under prepayment (e.g., ref. 15).
Another situational characteristic-the perceived need for an innovation-
may affect adoption decisions and diffusion, all other things being equal.
Diffusion may be more rapid and mechanistically different when a medical
situation is truly dire than when it seems less urgent.

Despite the diversity of explanatory variables, most discussions of diffusion
share the conclusion that it is a process described by an S-shaped curve (Fig.
1) as are the snowball or chain reaction phenomena characterizing many
social and physical processes. Diffusion is characterized as an imitation phe-
nomenon, generally specified as a logistic function where the rate of growth
(speed of diffusion) coefficient is a function of variables like the three factors
discussed above [13].

(The logistic is not the only function that generates an S-shaped curve.
Empirically, the cumulative normal is virtually indistinguishable from the
logistic. The logistic is consistent with imitative behavior, the propensity
for an individual's probability of adoption to rise with increasing adoption
by others. The cumulative normal is more consistent with an independent
learning model in which adopters require different levels of, say, information
to induce them to adopt the innovation. If these requirements are normally
distributed and if information becomes available at a constant rate, the diffu-
sion curve will be the S-shaped cumulative normal.)

In S-shaped diffusion, the spread of adoption is gradual at first-uncer-
tainty is great-but it picks up speed as positive experience diminishes both
uncertainty about the value of the innovation and ignorance about how to
use it efficiently. (The early period in which limited diffusion occurs is
often viewed as a testing phase during which diffusion is naturally lim-
ited by the response to ignorance and uncertainty that risk aversion sug-
gests. Some authors choose to speak of diffusion as beginning after this early
experimental stage [7].)
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The emphasis in the literature on S-shaped diffusion probably reflects
the types of innovations and diffusion situations studied [13]. It seems likely
that the unorthodox diffusion phenomenon to be discussed here is not re-
stricted to innovations designed to combat catastrophic illness. Similarly,
the non-S-shaped diffusion phenomenon reported by Coleman et al. [14]
must characterize many diffusion processes.

Diffusion in Health Services
A handful of exceptions to S-shaped diffusion have been discussed in the

literature. Several of these are from the health services arena [14,16,17],
prompting Kaluzny's observation [5] that one should be careful about gen-
eralizing from the conventional wisdom to the diffusion of health system
innovations.

The most prominent medical diffusion research is the study by Coleman,
Katz, and Menzel [14] of the diffusion of a prescription drug. Their socio-
metric analysis verified several relationships that had been suggested earlier,
involving the attributes of and linkages among individual adopters. For exam-

ple, they found that the diffusion of "gammanym" (the drug's fictitious
name) was S-shaped for physicians who were well integrated into the pro-
fessional system, whereas diffusion among nonintegrated physicians was

at a more constant rate, producing a time path that was concave throughout.
This finding documents and explains an instance of non-S-shaped diffusion
that would seem to be representative of many diffusion experiences; it em-
phasizes the role of social integration. Each potential adopter of an innova-
tion has a probability of adoption in each time period, and these probabilities
may initially be identical for the integrated and nonintegrated groups. What
distinguishes the groups is that individuals in the nonintegrated group main-
tain relatively constant adoption probabilities over time, while for integrated
nonadopters, the probabilities increase as their colleagues adopt the innova-
tion. (It should be emphasized that the highly competitive firms in Mans-
field's studies [8,9] are every bit as "integrated" as the physicians of Coleman
et al. In the diffusion context, integration simply implies awareness of and
reaction to the behavior of peers, be they colleagues or competitors.)

Other studies in the health services area have looked at the innovative
behavior of individuals and of organizations, in the latter case focusing on
public health agencies [11,17,18] and hospitals [16,19,20]. (Kaluzny, Veney,
and Gentry [21] compare adoption of innovations in health departments
and hospitals.) Overall, health services diffusion research has demonstrated
the same diversity as diffusion research in general. The literature has been
thoroughly reviewed by Kaluzny [5].

A Desperation-Reaction Model of Medical Diffusion
Researchers have studied innovations that are relatively easy to adopt

(e.g., ref. 14), and they have examined the diffusion of innovations used for
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serious medical problems (e.g., ref. 20), but they have not considered the
intersection of these two sets. The consequence is that they have missed a
situation in which diffusion can occur rapidly and in which decision makers
want to adopt rapidly.

Two characteristics of the practice of medicine make the desire to adopt
rapidly not uncommon. The "social contract" requires physicians to attend
to seemingly hopeless cases of illness and accidents, and therefore they are
highly responsive to potentially relevant innovations. Second, the delivery
of much medical care, especially in cases of catastrophic illness, occurs in a
setting in which relatively few constraints are imposed on the economic be-
havior of physicians and patients [22-25]. Often the binding constraints
on individual treatment decisions are the technology and knowledge avail-
able to the physician, with direct economic considerations weighing little.
Thus the economic setting permits, and the social contract encourages, the
development and early adoption of innovations.

In a more conventional setting (including that of less serious medical
problems) risk aversion results in more gradual early diffusion. In a medi-
cally desperate situation, the "cost" of using a new technique that fails is
simply that things are not better (if real resource costs are ignored). The
alternative-for example, a prognosis of a few months to live-is so intoler-
able that the risk and uncertainty associated with an unknown technique
are valued for the hope they permit. The worse the prognosis, the more the
physician is encouraged to gamble by using the innovation. In addition, it
has been asserted that physicians are not trained how not to treat, that they
rarely consider nontreatment a viable alternative even if available treatments
have been demonstrated to be ineffective. The physician's response to a
desperate situation is to want to do something, to take positive therapeutic
action [26,27].

It is possible to describe a qualitative model of diffusion of easy-to-adopt
innovations aimed at serious ("desperate") medical problems. The model is
not formalized here; that task remains for later work. However, the case study
presented illustrates essential features of the model.

The model has three stages, or periods of adoption and diffusion. The
first of these represents preexperiential diffusion in that reasonably extensive
diffusion may occur in the absence of significant evidence about the value of
the innovation. Understanding of the innovation and often development of
the innovation itself will not have achieved the maturation that the conven-
tional diffusion situation appears to require before significant diffusion can
begin. Such early adoption is promoted by the noninnovation-specific factors
that have been mentioned. The second stage of diffusion is shaped by re-
sponse to empirical and personal experience with the technique accumulated
during the first stage. During the second stage, physicians adjust their Stage
I behavior to reflect their experience and newly available information. The
third and final stage is a period of reasonably informed diffusion that may be
quite similar to the latter part of the conventional diffusion process.
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Stage I
A major factor triggering adoption of an innovation in the Stage I period

is the tendency for the physician to act more readily-to accept greater risk
and uncertainty-the more desperate the situation. "Desperation" has several
dimensions. The most obvious is the prognosis: a prognosis of only a few
months to live is viewed as a tragic situation. Obviously, the prognosis is a
function of the techniques (therapie's) available to the physician to manage
the illness. Of two diseases with prognoses, untreated, of x months, the dis-
ease for which an established therapy promises more than x months will be
viewed as less desperate than a disease for which there is no alternative to
the contemplated novel therapy. (Assuming that physicians value treatment
almost for its own sake, the existence of an established therapy should diminish
their desperation, irrespective of the efficacy of the established the'rapy.) Simi-
larly, certain characteristics of the patient, most noticeably age, exacerbate or
mitigate' the sense of desperation. Terminal illness in a child would generally
be viewed as a more desperate situation than an incipient death in an elderly
person. Clearly, "desperation" is an arbitrarily quantified variable. Formaliza-
tion of the model would require' the determination of a measure of "despera-
tion," possibly a composite index of quantitatively tractable variables such as
the person's age, prognosis, and the like.

Reaction to a medical crisis, hope concerning an as yet unproved innova-
tion, and the le'gitimizing role of early adopters combine to promote diffusion
in this first stage of the diffusion process, a period in which adopters lack clini-
cal experience and statistical feedback. For an innovation in a conventional
setting, the comparable period generally would be one of R&D and testing,
with very little if any commercial diffusion.

The factors discussed to this point as influencing adoption and diffusion
are largely independent of the innovation itself. Obviously, characteristics of
the innovation-and possibly of closely related innovations-will also affect
decision making. For example, all else being equal, an expe'nsive new piece
of capital equipment will probably diffuse more gradually than will an inex-
pensive, nondurable item. Innovations requiring that technicians learn novel
skills will be put into practice less rapidly than those requiring existing skills.
Similarly, if an innovation has been used in treatment of another disease', that
experience will decrease uncertainty concerning toxicities and the like. Such
familiarity should expe'dite diffusion in the new context. Also, of two other-
wise comparable innovations, one that has a "close relative" proven effective
against a similar disease is more likely to diffuse rapidly [25]. In other words,
the attributes of innovations are clearly important [28].

If adoption of an innovation is difficult or expensive, diffusion will be
gradual. During the additional time between awareness of the innovation and
adoption, the innovation may be further developed or its value may come to
be better understood; hence, more widespread diffusion will begin only in

what is the second stage of the present medical diffusion model. Stage I dif-
fusion will have been precluded by technical or economic factors.
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For both innovation-specific and other factors, these Stage I influences
operate without the benefit of substantial evidence as to the effects of the
innovation.

Stage II

The first stage ends and the second begins when enough evidence has
accumulated to lend some insight into the technical relationship between the
new therapy and survival time, toxicities, and so on. Stage II is a period of
adjustment. If the evidence suggests that the innovation has fulfilled its
promise, there will be little adjustment of the Stage I diffusion pattern. Where
the evidence indicates therapeutic effectiveness even greater than adopters
had hoped for, previous nonadopters might now join the bandwagon, increas-
ing usage relative to the Stage I diffusion pattern.

Alternatively, if the expectations that generated the Stage I diffusion are

not realized, "negative diffusion" will occur. "Negative diffusion"-decreasing
usage of the innovation-is a phenomenon not reported in the literature. There
are three reasons for this. One is that negative diffusion is a collective adjust-
ment to extensive preexperiential diffusion, but reports in the literature have
not concerned innovations with significant preexperiential diffusion.

The second reason is that most studies focus on successful innovations. In
part this reflects a natural interest in successful social or technical change, and
in part it reflects a technical bias: innovations are usually selected for study
after they have diffused. An innovation that has diffused reasonably exten-
sively is more likely than not to be of value.

The third reason negative diffusion has not been discussed is a matter of
semantics, the manner in which "adoption" and "diffusion" are defined [13].
Diffusion frequently has been defined as the time path of the cumulative num-

ber of adoptions or trials of an innovation. Such a definition does not account
for those who adopt and then later reject an innovation. By this definition,
negative diffusion cannot occur for the tautological reason that diffusion is
restricted to being a nonnegative function of time.

The definition of diffusion used in this article is the time path of extensive-
ness of use of the innovation. Thus, if there are Nt possible users of an innova-
tion in period t, and Mt (. Nt) actually use the innovation, diffusion is defined
here as the time path of Mt/Nt, instead of cumulative first trials. Negative
diffusion occurs when Mt+l/Nt+l < Mt/Nt. Under the standard definition, this
situation would cause the diffusion curve to flatten out from period t to period
t + 1 if there were no new adopters in t + 1; if there are new adopters, the
diffusion curve will rise despite the possibility of an effective decrease in usage
of the innovation. The two definitions may yield identical results for a clearly
valuable innovation: once a potential adopter tries the innovation, that indi-
vidual becomes a regular user and thus is included in each period's measure

of diffusion.
Where the effect of the innovation falls short of the hopes or expectations

that generated Stage I diffusion, the downward adjustment in usage may range
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Fig. 2. Three patterns of desperation-reaction diffusion.

from slight (expectations almost but not quite met) to complete (expectations
wholly unmet, with serious dangers discovered). The decrease in usage may
be temporary or permanent. (In the instance of negative feedback, the second
stage might be labeled the "moratorium" stage [29].) In general, Stage II
represents the period in which the first significant returns are in, a period of
evaluation in which physicians examine the tools they have been employing
and respond to the results they are only now learning [27].

An interesting and important phenomenon is occurring here. In contrast
with previously reported cases, the experimental (evaluatory) initial phase of
this mode of diffusion occurs in full-blown, widespread practice, rather than
in a small-scale field experiment investigating the merits of the innovation
while little diffusion takes place. Indeed, in much of esoteric disease man-

agement, even clinical R&D may be accompanied by significant diffusion in
practice. In the conventional setting, diffusion, both as conceptualized and as

operationally defined, begins in what corresponds to the second phase of dif-
fusion of a medical innovation addressing a serious disease problem.

Stage III

The third and final stage of the model is a period of informed decision
making. It is similar to the latter part of the conventional diffusion process.

Diffusion is here a function of learning and of other variables known to moti-
vate the conventional process. If Stage II information was favorable, Stage
III merely represents a continuation of diffusion to a ceiling rate. If Stage II

witnessed a temporary moratorium, Stage III will see renewed diffusion,
though likely to a lower ceiling rate than might have been anticipated during
Stage I. Obviously, if the Stage II moratorium was permanent, there will be
no Stage III diffusion.

Figure 2 depicts three general variants of the model, all assuming signifi-
cant Stage I diffusion. The curves have been drawn with identical first stages.
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The' curve at the left represents the case in which accumulated evidence equals
or exceeds the physicians' hopes, the middle curve represents a case of some-

what disappointing but still positive results, and the curve at the right is a

case of wholly negative findings.
Obviously, the crucial part of this model is the first stage. In medical situ-

ations in which there is little sense of desperation, or in which an innovation
is so complex or expensive as to prohibit rapid adoption, there i's no reason

for any substantial preexperiential diffusion to occur (ignoring the tendency
to adopt innovations for reasons of status). Armed with alternatives to an

innovation, physicians are comfortable waiting for scientific data and the expe-

rience of their colleagues before considering adoption of the innovation, and
Stage I diffusion is minor or nonexistent. The diffusion process will then be
the one' commonly reported in the literature. The extent to which a particular
medical innovation's diffusion deviates from the S-shape is a function of the
sense of desperation which physicians and patients associate with the medical
problem, constrained by the factors noted above.

The Diffusion of Leukemia Chemotherapy in Connecticut

Background
Prior to the late 1940s, the leukemias represented a disease situation that

was ripe for innovation. Acute leukemia is the leading childhood cancer, caus-

ing much concern among the public and the medical profession. Until the
development of the early chemotherapeutic agents in the late 1940s there was

no effective therapy against the leukemias. The new drugs made possible a

relatively easy and relatively inexpensive method of treating these diseases.
Physicians approached the new therapy with optimism following initial suc-

cesses in inducing remissions in leukemic children.
Experimenting with over 40 drugs-used individually, in combination, and

with varying dosages and timing-the medical profession has fought an uphill
battle against leuke'mias. Only one form of the disease-acute lymphocytic
leukemia (ALL)-has yielded significantly to drug therapy. In very recent
years, specialty centers have begun to report large numbers of good remissions
in adults with acute myelocytic leukemia (AML); however, AML responded
little to drugs in the first two de'cades of leukemia chemotherapy (the period
covered in the case study reported here). Drug therapy can provide symp-
tomatic relief in cases of chronic lymphocytic leukemia (CLL) and chronic
myelocytic leukemia (CML), but it has never been credited with regularly
inducing remissions or extending survival time. The table on p. 378 presents
some distinguishing characteristics of the four major leukemias.
The four leuke'mias are closely related diseases in terms of morphology and

course, yet they have responded to similar chemotherapies in dramatically
different ways. In addition, they represent varying degrees of "desperation,"
ranging from a rapidly fatal illness in young children (ALL) to an illness that
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Characteristics of the Four Leukemias

Ty ef Blood Most Prognosis Prognosis withleemi cell type frequent without ceohrpleuKpemia affected victims therapy chemotherapy

Acute lympho-
cytic (ALL) .. Lymphocyte Children A few months Complete remission. Median

survival 3-5 years; some
cures

Acute myelo-
cytic (AML) .. Granulocyte Adults 1-2 months Partial remission possible. No

appreciable extension of
median survival through
period studied (through
1968)

Chronic lympho-
cytic (CLL) .. Lymphocyte Adults, A few years Unchanged. Chemotherapy

usually treats symptoms only
middle-
aged to
elderly

Chronic myelo-
cytic (CML) .. Granulocyte Adults A few years Unchanged. Chemotherapy

(shorter on treats symptoms only
average than
for CLL)

commonly afflicts the elderly, is gradual, and is often quite mild for a number
of years (chronic leukemia). Thus, leukemia chemotherapy presents a situa-
tion in which adoption is relatively easy and in which a range of perceived
disease severity lets us examine the plausibility of "desperation-reaction" and
the phenomenon of preexperiential diffusion. It should be emphasized that
this case study is descriptive and illustrative. It is not possible to empirically
verify the desperation-reaction model with only a handful of innovations and
disease situations.

The Case Study
Data for the case study are from the Connecticut Tumor Registry of the

Connecticut State Department of Health. Defining diffusion as the time path
of extensiveness of use, I generated the cheinotherapy diffusion curves depicted
in Fig. 3. "Usage" (Mt/Nt) is the percentage of patients newly diagnosed
in year t who receive chemotherapy. The proportion of physicians who used
chemotherapy is also of interest, but the primary question was how many

patients who might receive the therapy actually do get it. If the treatment is
effective but so sophisticated that only certain specialists can administer it to
achieve maximum benefit, one might hope to see extensive diffusion among

patients, yet only limited diffusion among physicians.
For the chronic leukemias diffusion is gradual, with a vacillating upward
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Fig. 3. Diffusion of leukemia chemotherapy in Connecticut.

pattern. Regression analysis (reported in refs. 25 and 30) revealed no preferred
fit among alternative time function specifications; no obvious diffusion phe-
nomenon like the contagion or snowball phenomenon implicit in the logistic
is suggested.

The chemotherapy diffusion curves for the acute leukemias are more inter-
esting. They reflect the following shared characteristics: usage rises rapidly
and continuously during the first five years of leukemia chemotherapy (1947-
1951, inclusive), in each case reaching roughly three-quarters of the usage level
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attained at the end of the 1960s. Usage then decreases to the extent that the
1951 peaks are not exceeded for several years (six years in the case of ALL,
five years for AML). From the mid 1950s on, each diffusion curve' sawtooths
gradually upward, peaking by the mid 1960s.

In the late 1940s no reasonable alternatives to drug therapy existed, and
there were no significant barriers to its adoption: no capital expenditures were
necessary, financial liability for drugs and other expenses was often covered
by insurance or research monies, and the technical procedure was relatively
easy to understand. (Modem drug therapies for acute leukemia are expen-
sive and complex, involving the use of sophisticate'd support technology. This
might well hinder the adoption of the most aggressive therapies, but thera-
pies for the chronic leukemias, for AML prior to the 1970s, and for ALL
during the 1940s and 1950s were all relatively simple one-drug or two-drug
treatments.) The desperation-reaction model suggests that in the relatively
constraint-free environment of leukemia therapy in the 1940s, Stage I diffusion
should have been a function largely of desperation about the diseases and
hope concerning the new drug therapy. Support for this come's from the
heights of the four leukemia chemotherapy diffusion curves achieved in the
first few years (through 1951, prior to the availability of significant empirical
feedback). Drug the'rapy for the acute disease in children (ALL) was adopted
extensively. The new therapy for the acute disease in adults (AML) was also
widely adopted, but not to the same extent; the difference' likely reflected the
early successes with leukemic children, in addition to the greater sense of
despe'ration in childhood ALL. Early therapy for the chronic leukemias-less
serious disease situations primarily affecting older people-did not diffuse
very widely, though usage for CML and CLL exceeded 20 percent within
three years. Appare'ntly the factor driving this early diffusion was the sense
of great loss without the drug therapies and the hope that the use of drugs
would extricate physicians from an emotionally untenable position.

Desperation-reaction should be evident in another, more recent aspect of
the management of childhood acute leukemia. One may hypothesize that,
other things being equal, a physician would have been more likely to adopt
the single drug treatment in the late 1940s or early 1950s, when no effective
altemative therapies existed and the life expectancy of an afflicted child was
only a few months, than the physician would have been to adopt the more

complex new therapy of the mid 1960s, when existing treatments promised
the child with ALL a year and a half to two years of apparent good health.
Unfortunately, the data did not permit analysis of this hypothesis [30], but
reading the literature and speaking with experts suggests that it is basically
correct. Of course, it must be recognized that "other things" were' not entirely
equal. The greater complexity of later therapy should have had a negative
influence' on diffusion, while familiarity with chemotherapy in general and
improved sources of information should have had a positive influence.

Perhaps the intent of the desperation-reaction model can best be con-

veyed by a summary look at the diffusion path for ALL chemotherapy in Fig.
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3, which is a good fit to the model variant in the center in Fig. 2. In child-
hood acute leukemia, expectations in the first stage were that drug therapy
would produce large numbers of good remissions and e'nhance survival expe-
rience with only mild toxicity, and that early groundbreaking work would be
followed in quick succession by major new therapeutic achievements. The
first few years of ALL chemothe'rapy did see a substantial number of remis-
sions, but the patients' lives were not extended appreciably beyond the un-
treated life expectancy; no major new developments occurred, and chemo-
therapy proved to be a more tricky business than anticipated. Therapy
produced nausea and other unpleasant side effects, and in several cases it
appeared to shorten the patients' lives.

According to the model, the desperate ALL situation in 1947, the hope
attached to the first te'ntative findings concerning drug therapy, and the rela-
tive lack of constraints on adoption should have combined to produce pre-
experiential diffusion. The relatively disappointing findings, which began to
be reported in the early 1950s, should have produced some negative diffusion.
However, as findings and individual experience were not wholly negative, the
downward adjustment should not have bee'n complete. As physicians learned
better how to administer chemotherapy and as chemotherapies were devel-
oped and improved, positive diffusion should have resumed, thus reflecting
the temporary quality of the partial moratorium on ALL chemotherapy. All
of this, of course, was the case.

Discussion
The simple description of the diffusion of leukemia chemotherapies, sup-

ported by related empirical analysis of factors influencing therapy decisions
[25,30], lends credibility to the proposed desperation-re'action diffusion model.
That some medical innovations should diffuse in an unorthodox manner is not
surprising: the medical profession is saddled with the responsibility of tend-
ing to all ills, regardless of their amenability to correction, and medical care
is delivered in a unique economic setting relatively free of conventional eco-
nomic constraints, encouraging "Cadillac care."

In the context of technical change', one manifestation of this environment
is that innovations that are easy to adopt may diffuse fairly extensively prior
to the availability of information on and understanding of the innovations'
merits and deficiencies. Such diffusion, here labeled "preexperiential," occurs
during what would be a period of experimental testing and very limited dif-
fusion in the conventional environment. This medical response to innovations
sets up the possibility of negative diffusion, a period of retrenchment in which
physicians admit by their actions that they overadopted an innovation.

There is nothing inherently wrong with the medical profession's response
to innovation; nor is there anything inherently right about the more conven-
tional response to innovation [31]. Indeed, given the economic and ethical
environment in which medical care is delivered, much preexperiential inno-
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vation adoption must be considered rational behavior, even if the innovation
eventually proves not to be worthwhile or even to be deleterious to health.
In the event that an innovation proves to be highly valuable, the early diffu-
sion may have served to bring better medical care to patients more rapidly
than would have been the case had the diffusion been limited by the usual
constraints and attitudes. (Of course, early use of an innovation is likely to be
less effective than later use which has benefited from experience, so it is pos-
sible that rapid early diffusion will not be unequivocally desirable even if the
innovation ultimately proves worthwhile.) If the innovation is shown to be
ineffective or deleterious, at minimum early diffusion will have represented an
inefficient use of resources; at worst, it may have been a source of iatrogenic
morbidity or mortality.

Thus, the ultimate questions of interest are the following: does the dif-
fusion scenario described here represent an important phenomenon within
medicine? If so, of the innovations that diffuse significantly during a pre-
experiential phase, how many prove to be valuable and how many are unde-
sirable? We need now to investigate the significance of this unorthodox diffu-
sion story, its frequency, and its social and economic implications. We must
recognize that policy options are available with which to influence the timing,
the extent, and the nature of the diffusion of innovations, and that, often unin-
tentionally, policy does affect these variables [32-34]. The challenge is to
determine whether or not we should tinker further with the system, and if so,
how it might be altered productively [35].
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