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This paper presents an interesting empirical analysis wipagition for liver transplants in
the presence of an allocation rule known as MELD (Model foofStage Liver Disease) that
allocates an available liver for transplant amon}g cmeeTmsplant centers in a region known as
a Donation Service Area based on a ranking of eligible pttieliisease severity scores. Although
the rule is somewhat complex as represented by figure 2 iretherp*UNOS Rules for Allocating
a Donor Liver by Status and Location”, the essence of thersehgto give the right of first refusal
to the transplant center and patient in the Donor Servica Alrat is in the most serious need of
a transplant in order to survive, as quantified by the pasdéiELD score. As the authors note
on page 7, “A MELD score is calculated using easily-meadarktboratory values; the MELD
score predicts, with some accuracy, a particular potefiiat recipients risk of dying without
transplantation.”

Though the MELD score is a strong guide to allocation of Byethere is discretion in
whether a transplant is actually done since not every livatrinay arrive may be a good match for
a particular patient. Thus, a transplant center and p&atesta difficult optimal stopping problem:
should a patient eligible to receive a currently availaiverlfor transplant do the transplant now if
the “match quality” of the liver to the patient is not as highveould be desirable (rperhaps leadin
to some risk of rejection or complications following thertsplant), or should the liver be rejecte
and the patient wait for the arrival of another liver that\pdes a better match in the future, but at
the risk that the patient’s condition could serverely detete if a suitable new liver did not come
along after this one?

~ Previous studies by Howard (2002) and Alagbzal. (2007) studied the transplant from a
“single agent” decision perspective, formulated as armmitstonlng problem. The contribution
of this paper is to point out that when competition betweangplant centers is taken into account,
there is a possibility for suboptimal outcomes to occur urdenpetition. Specifically, the authors
hypothesize that competition for livers among transplantters in the Donation Service Area
interacts with the MELD rule in a way that produces a subroptioutcome that they call the
competitive impatience effect, “competition makes patient/surgeon decision-makers rikety to
accept a donor organ than when no competition exists, whedms (all other things being equal)
the matches made under competition are predicted to be ddydeaver quality.” (p. 11-129).

The authors conduct an empirical analysis of liver trangpdatcomes using a unigue panel
data set on liver transplants with several years of followobygervations that enabled them to
gain informaton on thex post outcomes. Specifically, their data contain “2,322 obséruat
concerning 105 transplant centers in 53 Donation Serviega#\in the eleven UNOS regions —
870 each concerning one-month and one-year durations @cob@erning three-year durations.”
(p. 28). Their empirical analysis was conducted to addrespiimary question, “does the presence
of local competition affect the post-transplantation oates?” (p. 29). The authors hypothesize
that the liver transplant decision, particularly the quyatif the match of the liver to the transplant
patient, as well as the ?{uallty of the donated liver and thethestatus of the patient, “affects
post-transplantation graft survival duration in a weabsitive way according to the following

functionT = 7(Q*(z,m)), 7 > 0" where Q*(z, m) denotes the threshold quality of a liver that

leads to a transplant for a patient with observed charatiest in a Donation Service Area with
“market characteristics” (principally the number of cortipg transplant centersy.

However the authors do not adopt a structural approachito&sdn and thus do not attempt
to actually solve for the threshol@*(z, m). Instead they attempt to make inferences about how
competition among transplant centers affsqiost outcomes by adoEting a Cox proportional hazard
approach (i.e. a reduced form approach to study the issureatig) though they acknowledge that
“We cannot, of course, implement Cox’s approach becauseos®thave micro-level data, only
center-specific averages.” (p. 31). However despite thiey state “We should note, however,
that the center-specific, risk-adjusted average graftglrvate and patient survival-rate data are
generated using results from a Cox proportional hazaelfraddel” (p. 31) which | found hard
to interpret, since the actual empirical work amounts tomg regressions where the dependent
variables are the center-specific graft-survival rate ()8Rl patient survival rate (PSR). Since
these regressions aggregate over patients, the patietifispariablesz no longer enter these
regressions, but the market specific variabtestill do.
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The authors estimate their regressions using both Ordineagt Squares (OLS) and Least
Absolute Deviations (LAD) using HAC corrections to produwobust standard error estimates and
included transplant center specific fixed effects (dummyatdes). They find that “Additional
competition is predicted to decrease the average grafivalirate by between 2.3 and 9.3 percent,
depending on the number of transplant centers in the Dan&@yvice Area and the estimation
method.” (p.36). They also find that “The share of transgiaons performed by a transplant center
in a Donation Service Area is predicted to increase the g\ﬁseggaaft survival rate; its p-value is
0.001 under least squares.” (p. 36). For example, “a Don&eyvice Area in which two transplant
centers compete, where one transplant center performshivets-of the transplants, while the other
performs one third: the larger transplant center has arageagraft survival rate that is around 6.6
percent greater than the smaller one: bigger is better srettmpirical specification.”

Finally, the fixed effects that they estimate indicate lahfferences in post-transplant success
rates (i.e. survival rates) across different transplanteas. However the authors are unable to
address what the underlying determinants of this heteratyeim success rates might be.

| found the empirical analysis to be well done and was coradnihat there seems to be a
strong effect of competition that tends to result in lessceasful liver transplants as reflected by
a lower post-transplant survival rate. The same is true ebirerall patient survival rates as their
table 5 shows.

Thus, | feel that the authors have uncovered an importanireralresult and thus they have
demonstrated empirically that a “competitive impatienfieat” does appear to exist. | cannot
think of any explanations or reasons to su%gfest their iswé spurious or misleading. Thus, |
think there is promise for this paper to be published in aiteapurnal, but the question is, “is this
empirical finding a sufficient contribution to justify pusliing this paper in the JPE™?

_In_my opinion there needs to an additional theoretical ¢oution to the paper to justify
Publlshlng this paper in the JPE. | believe the authors gpalua of making this contribution so
would suggest giving the authors a chance to revise andneisun view of the importance of
the question and the novelty of their empirical finding. Thaimweakness of the paper is that
the abstract and the way the paﬁer Is written makes it appatitte authors are finding empirical
confirmation for a well known theoretical prediction. Howe\was far as | can see, there is no
theoretical prediction and no theory is offered about hompgetition between transplant centers

might affect transplant decisions.

_While the authors provide an intuitive story and conjecthsg “Competitors are like havin
an higher discount rate in the problems investigated by HoJ2002] as well as Alagoz et al.
[2004, 2007a,b]” their Section 3, “Theoretical Framewor&ally is short on theory and long on
Intuitive stories, but stories that | did not find completebnvincing or compelling.

~ Though the authors do acknowledge on page 11 that “While weotieolve for the equilib-
rium of a (potentially asymmetric) %ame of incomplete imh@tion, we appeal to game-theoretic
notions when interpreting empirically the effects of cortigen on the post-transplantation out-
comes for cadaveric livers in adults in the United Stateslidinot find their intuitive reasoning to
be compelling that theory necessarily predicts somethkegd competitive impatience effect for
several reasons.

_First, the authors have not convinced me that there is abs#r@ompetition even in Donation
Service Centers where there is a single transplant centeuld imagine that there are competing
doctors working at this center, each representing diffepatients. If this is the case, then the
same story the authors offered for their competitive ingrate effect could be told in microcosm
as a suboptimal result of competition between differentt@scand patients that occurs within
a single transplant center. If there are now more transglamters, then perhaps there could be
more competition in the Donation Service Area in aggreghai@gh not necessarily. One could
imagine one DSA with 2 medium sized transplant centers anthanwith a single big one and
in both there are the same number of doctors/patients vyingiver transplants. If the loci of
competition is primarily among different doctors then ifas from clear to me that there should
%es %\ny competitive impatience effect indexed by the numbeompeting transplant centers in a

So the authors need to make a case that the doctors workingjyermtransplant centers are
not really competing with each other, but instead we shduttiof a transplant center as operating
more like a firm and the doctors are more like the employeelisfitm. Then the intuitive story
for the competitive impatience effect makes more senseggimore transplant centers are like a
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market with more firms, and we do have a strong intuition tbatgetition should produce different
outcomes relative to a “monopoly” solution.

So | suggest that the authors should appeal more to InduStganization theory or better,
develop a new theory thatis reasonably tailored to the typerapetition that exists in this “market”
and is able to a) justify why decision making on transplagtddctors in a given transplant center is
better approximated as that of decisions of employees aifd-praximizing firm and thus aligned
with the financial interests of the transplant center andomathe financial interests of individual
doctors associated with the transplant center who may hetenally competing practices and
serve different patients, and b) to actually work out a th@detail that at least illustrates that the
competitive impatience effect really is implied by a wedifihed theory (as opposed to relying on
conjectures and a simple diagram that has not actually beréred by comparing how competitive
outcomes are affected by the number of transplant centers).

| would not require the authors to have to build astcucturally estimate a full blown

competitive model of transplants. However | think they ddooe able to at least produce a
model that shows that what they call the competitive impateeffect is a theoretical possibility.
Otherwise, if they don’t or can’t do that, they should nottetip the paper to create the impression
that they are providing an empirical confirmation of a préditof economic theory. Instead, they
should write up the paper as an interesting and importantrerajfinding, and leave the question
to future theorists to see if they can provide a theoretixplamation of the competitive impatience
effect that is currently in the status of an empirical findibgt one for which there is no theoretical
explanation that | am aware of.

| think a paper that only presents the empricial finding betsiaot also provide a well defined
model that also shows that theory does predict it as well (@l provides further insight into why
it occurs and how policy varaibles such as MELD contributié ¢o ameliorate it) is publishable in
a leading journal, though perhaps not the JPE.

| think a paper that does both, and provides an innovativeainbet results in clear insight
would be a contribution that would be worthy of publicationthe JPE. | recommend that the
authors be Plven that chance since | think the?/ do have gdodion and the empirical support
for the result is strong. Below | outline a simple model thaynenable the authors to formalize
and prove that the competitive impatience effect existsis tot the only model that could be
Lorlmulated, and the authors may have specific objectionssarvations about the model | suggest
elow.

_ Thus | am not demanding that the authors formulate and solmedel exactly along the
lines of the one | sketch below, but | provide a model just tovskhat | think it is possible to do
this. | suggest that the simplest model would compare ttansputcomes under two different
situations: 1) “the monopoly case” where there is singledpdant center in the DSA, and 2) “the
duopoly case” where there are two competing transplanecem the DSA. This is a relatively
clean way to illustrate the effect theoretically and the elddormulated below was done so in'a
way that | think would maximize the chance of actually findthg competitive impatience effect
theoretically. There are cases known in Industrial orgetron theory where the monopoly solution
is known to be “efficient” and the duopoly solution is knownlte “inefficient”. An example is
the recent paper by Iskahkov, Rust and Schjerning (2011) yAdbnic Model of Leap-Frogging
Investments and Bertrand Price Competition”. Though dyinammmpetitive models solved under
the Markov Perfect Equilibrium solution concept can eagisld multiple equilibria, | think the
nature of stochastic evolution of health status ot patiantsthe MELD allocation rule can interact
to result what in effect is a randomly alternating move gaffeese games have a greater likelihood
of having unique equilibria, though the analysis of randpaiternating move game of price and
investment competition cited above does not have a uniquiilgum, bur rather a continuum of
equilibrium outcomes.

_ Thus there is some risk that the authors might try to forneuattd solve a Markov Perfect
equilibrium like the duopoly transplant center game sugggedelow and either find a unique
equilibrium but one that does not imply a competitive impate effect, or it might have multiple
equilibria and some of these equilibria might be consistatit a competitive impatience effect
and others do not exhibit a competitive |mEat|ence effe¢tusl doing a revision of this paper in
the way | suggest is not entirely without risk.

1. The monopoly transplant center problem
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| formulate the decision problem of a single transplant eeas a regenerative stopping
problem that differs from the non-regenerative formulasiof Howard (2002) and Alagad. al.
(2007). These latter stopping problems can be viewed assepting the perspective/problem of
a single patient who is waiting to receive a liver and the sieai problem ends when either a) the
patient dies, or b) the patient receives a transplant livee formulation below, on the other hand,
treats the hospital/transplant center as the decision ntlagkiefaces an inflow of patients and livers
over an infinite horizon. A transplant of a liver does not eémel decision problem. Instead a new
patient can arrive either after an existing patient diegoeives a transplant liver. The new patient
can be considered to be the “regeneration” of a new stoppioiglgm for this new patient and so
on.

Actually, to make this model as comparable to a “duopoly fmoli where there are two
transplant centers competing for the available supplyvefrd for transplant, we will assume that
at any point in time there are at most two sickest liver tréarsppatients that are eligible for

transplants. Lethq, ho). | adopt the normalization that higher valueshgfdenote better health

and lower values denoting worse health, with= 0 denoting either a) the death of the patient, or
b) no patient currently, for € {1,2}. Thus, a stat¢0, 0) means that there are no patients eligible
for transplants, and0, ko) and(h{,0) denote situations where there is only one patient eligible

(the other either died or received a transplant and so farther @ligible patient has arrived to
“replace” this patient.

| assume that the health status of the two sickest eligitiemia evolve as indpendent first
order Markov processes, witth transition probabilitiég 1 | 1) and Ha (hb|ha). | follow Howard
(2002) and Alagoet. al. (2007) by assuming that livers have a condition or “qualityith higher

values ofy indicating a “better condition” liver that increases thewhbe of a successful transplant,
all other things equal. | lej = 0 denote a state where no liver has “arrived” in the given pkrio

The arrival of livers is assumed to be BB process{q; } with CDF F(q).

After a transplant or a death of a patient, a new patient esrto replace the dead or
successfully transplanted patient and | assume that ttia imealth of these “replacement” patients
is drawn from a given distributioi/y(%;), i € {1,2}. If Hy(0) > 0, this means that there is a
positive probability that no patient will arrive in any giv@eriodt to replace one of the transplant
patients who has either died or had a transplant in peried.

Unlike the Howard (2002) and Alagaat. al. (2007) papers, | assume that the transplant
center is a profit-maximizer and makes a rational, dynanst/lsenefit decision about whether to
do a transplant on a given patient or not. | assume that thercktiows the Meld scoring priority
rule where it offers a liver to the patient in worse healthtigoat 1 if 1 < ho) but that the doctors
working at the center (whose interests | assume to be pbriganed witﬁ the profit motives of
the center not the welfare of a particular patient) have@sfit authority and credibility with their
patients that if they recommend against doing a transptardary reason, the patient will follow
their advice. This means that, in effect, the Meld prioritferamounts to only a guideline to the
transplant center and not a hard and fast allocation rule.

If a liver of quality ¢ is available and transplanted in a patient with health statthe center
expects a payoff oB3(h, q) conditional on the transplant being deemed a success, wlcimirs
with probability p(h, ¢). However if the transplant fails, the center expects malpre liability
L(h,q). Further, if the center ignores the Meld ordering and tréargp a liver into a patient, say
patient 2, with better health, > h{, then in addition to the net benefitBs(ho, q) the center
expects from doing the transplant on patignivhere

the center also expects a net cost from a potential malpedetivsuit from patient of EC'{ (hy, q).

Thus, the net expected “profit” (or loss) from ignoring thellerdering and doing a transplant on
the healthier of the two patients, is
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If the transplant center follows the Meld orderin% and ddesttansplant on patiet | assume
that it is immune from a lawsuit from patiedtand thus its expected profit is

Ri(h1,h2,q) = EB1(hq,q).

If tghe center decides not to do transplants on either pat®nost is the expected liability from
malpractice lawsuits frorhoth patients, or

Ro(h1, h2,q) = —(EC1(h1,q) + ECa(h2,q)).

Of course, | am presuming that there are actually two patieate. If there are no patients, then
there is no decision to be made and the expected payoff8@sdf there is only one patient, say
only hy > 0 andhy = 0, then we have

R1(h1,0,q) = EB1(h1,q)
and
Ry(h1,0,q) = —EC1(h1,q)

| enforce these restrictions by imposing thad'; (0,q) = 0 and EC»(0,¢) = 0, and similarly,
EB1(0,q9) =0andEB5(0,q) = 0.

Of course there can be no expected costs or benefits to ther eerinyy period where no
liver has arrived to allocate to either patient—= 0. So we also havé?y(hq, ho,0) = 0, and
Ry(hy,h2,0) = 0 andRy(hy, hg,0) = 0.

Let V' (h1, ha, q) be the present value of discounted profits that the transpéarter expects
when it adopts an optimal dynamic tansplant strategy foméinite stream of transplant patients
in a stationary, infinite horizon Markovian setting. | assuthat benefits to the transplant center
are sufficiently high relative to malpractice and other finpérating and wage costs (that | assume

are already implicitly embodied in thB(h, ¢) and L(h, q) and EC;(h, q) functions,i; € {1,2})
that V' (h1, he,q) > 0, otherwise the center would exit the transplant businessiynstate where
V(hy,ho,q) < 0.

The Bellman equation fov" is given by

V(h1, h2,q) = max [Ry(h1, ha,q) + BEV (0, ha),
Ro(h1,ho,q) + BEV (h1,0),
Ro(h1, ha,q) + BEV (hq, ha)]

wheref € (0, 1) is the center’s discount factor for future profits, and
BV (b o) = [, [ [ VL. a')F (dd)) Hy (A ) Ha(dh o).
1 2

If patient 1 has either died or received a transplant, a n@placcement” is drawn from the
distribution H, so we have

EVO,ho) = [, [ [ Vi, b. ) F(dd') Ho(dhs) Ha(di|ho).
q iy Ty
Similarly, if patient 2 has died or received a transplant haee

EV(hy,0) = V(R bh. YF(dg)Hy(dRhy | hy) Ho(dRb).
(00 = [, o f, VO o V(a1



If both patients has died or if one gets a transplant and ther alies, we have

EV(0,0) :/q, /h/ /h/ V(R By, o VF(dq')Ho(dR)) Ho(dRY).

Assume that the support éfi andhsy andgq is the unit interval0, 1]. Then the solution to
the stopping problem partitions the unit cube into threeomsg

0. A region where no transplant is done on either patient,
1. Aregion where a transplant is done on patient 1,
2. Aregion where a transplant is done on patient 2.

The duopoly transplant center problem

Now consider a situation where there are two transplantecergnd at most two sickest
patients eligible for transplants at any given time, butiass one patient, with health statugis
assigned to transplant center 1 and the other, with healt&/st, is assigned to transplant center 2.
| assume that the MELD allocation rule is rigidly enforcedemtthere are two competing transplant
centers. That is, if a liver of quality comes available in any period, it is directed with probaili
1 to the transplant center with the patient that is in the woeslth state. Thus i < hy < ho,
then a liver goes to transplant center 1. The other possédsle where a liver goes to transplant
center 1 with probability 1 is whehy, = 0, i.e. where there is patient at transplant center 2 that is
in need of or eligible for a liver transplant.

| assume there is complete information at the two transmlanters about the health states
of each of their respective patients, as well as the %@Icﬁ/the liver. Further | assume that the
shelf life of a liver for transplant is sufficiently short trit is delivered to the center that has the
patient in the worst health but for some reason the liver tsused, then the liver is wasted and
cannot be re-transported to the other transplant centanatb be of use to the other patient.

Let V/(h1, ho, q) be the expected value of profits to transplant center 1, @rid{é1, ko, q)
be the expected profits of transplant center 2 Maxkov Perfect equilibrium of the “transplant
ame”. This means that the two transplant centers haveeditphsplant strategies that are mutual
est responses (i.e. each maximizes the respective cseeﬁ;?:';ed profits taking the strategy of
the opponent as given as in the usual notion of Nash equitimrand further, this equilibrium must
hold in every possible staté, hs, ¢) and only be a function of this state, as opposed to other “past
history” of the game.

Letp;(h1, he, q) be the probability that transplant center 1 will do a traaspif it is allocated
aliver (i.e. ifg > 0and0 < hy < ho). Similarly letps(h1, ho, q) be the probability that transplant
center 2 will do a transplant when it is allocated a liver.(ighenq > 0 and0 < hy < hq).
Although each center only has one patient, its decisionmtipen the health status of the patient
at the other center since If one center does not do a trarisplarperiod where it gets a liver, its
expectations on whether its patient will be eligible to geiesv liver next period will depend on
the health status ddfoth patients due to the MELD allocation rule. | will write dowretequations
for p; andpy in a bit but first | write the Bellman equation for firm 1. Firstppose thab; < ho
so that transplant center one has the option to to a trartmtaits patient in accordance with the
MELD rule. Then we have

Vi(hi,ho,q) = max [Ry(h1,q) + BEV1(0, ha), Ro(h1,q) + BEV](hy, ha)]

where R (h1,q) is the expected return to doing a transplant &dh, ¢) is the expected cost

of not doinﬂ a transplant (factoring in the e?ected cost lafnasuit by the patient if the patient
dies or his/her health deteriorates raﬂidly and the palilkemhes the transplant center for not doing
a transplant when it had a liver on hand to transplant). No&t in this case?; and R only
depend or{h1, q) and not(hq, ho, ¢) Since | assume that the patient at the other transplantrcente
has no claim agfqainst transplant center 1 (i.e. ability torfildpractice lawsuit) since the center is
“protected” by the MELD rule. We have

R1(h1,q) = EB1(h1,q)p(h1,q) + (1 — p(h1,q))EL1(h1, q)
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where as before(h1, ¢) is the probability the transplant is a succe8#; (h1, q) is the expected
payoff to the transplant center in the event the transptagié&med to be a success, &g, (h1, q)
is the expected payoff (liability) to the transplant ceritethe event that the transplant is not a
success. FoRy we have

Ro(h1,q) = —EC(h1,q)

It_he expected cost of a malpractice suit if it were filed by thtegmt if the patient was not given the
iver.

The Bellman equation will be the same in the case= 0 andh; > 0, i.e. where there is no
eligible patient for a liver transplant at center 2 but ongikle patient at center 1. Then of course
the liver will go to center 1 with probability 1, and this cenwill make a decision on whether to
do the transplant using the same Bellman equation, excapi4h= 0 in this case.

~Now consider the other case, where either> ho > 0, or whereh; = 0 andhy > 0. Then
the liver goes to transplant center 2 with probability 1 dmeté is no decision for transplant center
1 to make. In this case its value function is given by

Vi(h1, ha,q) = B lp2(h1, ha, @) EVi(h1,0) + (1 — pa(h1, ke, q))EVi(hy, ho)].

AS in the monopoly case we have

EVi(he) = [, [ [, Vit B, o) (da')H (ah ) Hy(dh o).
1 2

BVi(h,0) = [, [ ], Vi .o (/) (a0 ) Ho ),
1 2

EVi(0ho) = [, [ ], ViR o, o ! Ho () Ha(dhl o).
1 2

Given firm 1's values in the statd$h, ho)|h; < hg Or by > ho = 0} where center 1 does have
the option to do a transplant, its probability of doing a sj@lant is given by

p1(h1, ho,q) = T{R1(h1,q) + BEV1(0,h2) > Ro(h1,q) + BEVi(h1,ho)}.

The equations for firm 2's value functions and p_robabilityloi‘n%a transplant are defined similarly,
?nd a aré«év perfect equilibrium is any solution to the pdiBellman functional equations for
irms 1 and 2.

Note that the game can be modified to include incomplete imédion by adding extreme

value ShOCka(l), e%) associated with the decsion to do a transplant or not, résphg that are
observed only by transplant center 1 and not by transplartec@. Then the value function for

firm 1 has two extra arguments; (hy, ha, g, €}, €} ), and is given by
Vi(h1, ha, g, €, €1) = maz |Ry(h1,q) + e + BEVI(0, ha), Ro(h1,9) + € + BEVi(h1, ho)|

and if we assume the scale parameter of the normalized extvatue components}, e} ) of the
return to doing a transplant or notdghe probabilityp; (h1, hs, ¢) that center 1 will do a transplant

is
exp{vi(h1, ha,q)/0}
1(h1,ho,q) =
Pl e, ) = T g, 4) o} + eap{on (s, iz, @)
where
vo(h1, ha,q) = Ro(h1,q) + BEVi(hy, ha)
and

v1(h1, ha,q) = Ri(h1,q) + BEV1(0, ha),



where
EVi(hiho) = [, [, f, doluo(ht, Bh.d), va(, H. o/ (') Ha (a0 ) Ho(d o),
1 2

where
¢o(vo,v1) = o lexp{vo/o} + exp{vi/o}],

and EV1(0, ho) is defined similarly,

Vit o) = [, [, [, oluolht, By, o) oa(4, W, ) (') Ho(dh) Ho(dy o).
1 2

Note that if we treat the state space of the game as the urétamein (i.e. pointshy, ko, q)
where0 < h; < 1,0 < hg < 1and0 < ¢ < 1), the state space divide along the ling= hs into
two separate regions. In the half-cube wheere< ho firm 1 can do a transplant and this region is
further subdivided into a region where firm 1 does the traarsiphnd a region where it decides not
to do the transplant. In thie; > ho half-cube then firm 2 has the option to do the transplant and
this region is also further divided into a region where firmeZides to do the transplant and the
remaining region where it does not do the transplant.

~ As aresult, just as in the monopoly case, the overall stateespnds up partitioned into three
regions

0. Aregion where no transplant is done on either patient,
1. Aregion where a transplant is done on patient 1,
2. Aregion where a transplant is done on patient 2.

By solving both the monopoly and duopoly problems it sho@gbssible to characterize the
three regions in each case. The f‘comBetltlve impatiendetetvould then be evident if the region
0 |nbt|he duopoly problem is a strict subset of the correspmndegion in the monopoly transplant
problem.

Offhand | see no elmentary reasoning that would immedidgelg to this conclusion. In
fact the two region 0's may not necessarily be ordered bynsdsion and thus the determination
of “competitive impatience” m&ght be a bit more tricky to defiin such a case. However |
think this sort of model provides a start on simple theoattitamework where it might be
possible to formally define the competitive impatienceaffnd prove that it exists under certain
conditions/assumptions. Both problems should be do-atddfze MPE should be relatively easy
to compute and potentially even unique since the MELD atiooascheme and the randomly
evolving health statuses of the two ?atlents have the efffanaking this a “randomly alternating
move” %ame. Though this by itself is not guaranteed to rasudt unique equilibrium, there is
some chance that the solution could have nice propertiemgtit be realatively easy to compute
via simple successive approximations methods. The moggpoblem can be solved efficiently
as a single agent dynamic programming problem using pdkcgtion.



