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Appendix A: Preliminaries
A.l. Parameter List

Table S-1 Notations used in the analytical study*

Notation Description

D Disadvantaged patients
P Disadvantaged patients who participate in the program
N Disadvantaged patients who do not participate in the program
(0] Non-targeted patients
A Overall arrival rate of candidates
by Arrival rate of type ¢ candidates, i € {O, D}
d; Death rate of type ¢ candidates while waiting, ¢ € {O, D}
q Organ quality score
q Lower bound of organ quality score
q Upper bound of organ quality score
I Arrival rate of organs at the waiting list (normalized to 1)
pi(q) Baseline offer probabilities representing the likelihood of an organ with quality ¢ being offered to a type ¢
candidate
I Arrival rate of organs to type ¢ patients, i € {O, D}
A Time spent on the waiting list by type ¢ candidates, i € {O, N, P}
T:(q) Average lifespan of a type 7 candidate after receiving an organ of quality ¢, i € {O, D}
Ti(q) Type ¢’s net benefit of receiving a transplant of quality ¢ as opposed to dying on the waitlist
Ui(q;) Expected QALE for a type ¢ candidate having threshold ¢;, i € {O, N, P}
m;(q;)  Probability that a type ¢ candidate having threshold g, receives an organ, i € {O, N, P}
@ Quality-of-life score for pre-transplant period
B Quality-of-life score for post-transplant period
s(+) Social welfare function
q Target threshold of the program
3(5) (¢) Allocation probability of non-program organs with quality ¢ for type ¢ candidates, i € {O, N}
~v(q) Participating fraction of type D candidates to a targeted priority mechanism (q
q; d Equilibrium offer acceptance threshold of type 7 candidates under a targeted priority mechanism (q), ¢ €

{O,N, P}

q° Equilibrium offer acceptance thresholds of type 7 in the status quo, ¢ € {O, D}

aQ Largest target threshold that ensures no participation of disadvantaged candidates into the program

Gu Smallest target threshold that ensures full participation of disadvantaged patients into the program

a5 Equilibrium acceptance threshold of type O in the hypothetical scenario where they have absolute priority

in the allocation of any organs

The table summarizes the notation and parameters used in the analytical model. Not all parameters listed here are

directly used in the case study.

A.2. Preliminary Derivations

* Let u;(q;) denote the effective arrival rate of organs to type-i candidates having an offer acceptance threshold
q;- We can express 1;(g;) by incorporating the offer probabilities for type ¢ patients, focusing on the subset of

organs that these patients are interested in, as follows:

7-q [7 1 Jo pila) dg
pilg)=——=- [ pilg)=——dg=—— :
9—q Jg, q—4; -4
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We use the following asymptotic approximations for the expected pre-transplant life of type ¢ and their probability

of receiving a transplant:

Ailg;) = d% [1—=mi(q;)] and m;(q;) ~ ul;?l)

The formal proofs for the approximations given in (S-2) can be found in Zenios (1999). While the intuition of

(§-2)

the approximation for 7;(g;) is clear, the intuition for A;(g;) can be better understood as follows. Let p;(n)
denote the probability of having n type ¢ candidates on the waiting list under steady-state. Then, we can write
the removal rate of type-i candidates due to death as >~ p;(n)- (n-d;) =d;- >~ n- p;(n), or equivalently
as A; - (1 —m;(g;)) since 1 —m;(g;) is the probability leaving the waiting list without a transplant. Observing that
Yoo o n-pi(n) corresponds to the average queue length of type ¢, which equals A\;A;(¢f) using the Little’s Law,

the approximation A;(¢;) ~ 4 - [1 — m;(g;)] follows.

* We define ¢, as the organ quality that satisfies the equation 8T;(q) = dg as ¢ for type i, i € {O, D}, for the
proofs of analytical results in Section B. Note that 3, «, d; are constants for type i, and T;(q) is monotonically

increasing in g, therefore for each type 4, the solution ¢; is unique.

Appendix B: Proofs of Analytical Results

*

THEOREM 1. Under a targeted priority mechanism (q), candidates set their acceptance thresholds q;’? in equi-

librium by solving the following set of equations:

BT0(a5T) = Uolg T.4°(@) == 0o (457.4°(@)) + Bro(as T @) E[To(0) la> 57, o)
BTp(a5y") = Un(ay (@) i= atp (a§7,7°(@)) + Brwv(ay 1 *@)E[Tola) la = 57|, ab)
BTp(45%) = Up(a5%,7°(d) == adp (451,74 (@)) + Brp(as T (@) E|Tol@) |[d>a> 457 o)
Furthermore, the equilibrium participation rate v¢(q) can be characterized as follows:
(a) A mixed-participation equilibrium solves (1a)—(1c) and the following equation:
Un(an®7°(@) =Up(gp®,7°(2))- (1d)
(b) A no-participation equilibrium solves (1a) and (1b) with v¢(¢) = 0, and satisfies:
UN(Q;}q?O)> lim UP(q;qa’Y)' (16)
y—0+
(c) A full-participation equilibrium solves (1a) and (1c) with v¢(q) = 1, and satisfies:
UP(q;qal)> 11m7 UN(Q]c;}qv/y)' (lf)
y—1

(d) Under any participation equilibrium, the equilibrium acceptance thresholds q?ﬁ are unique when they exist.
q q i q

Proof of Theorem 1. Under a symmetric participation equilibrium ¢(q), the symmetric equilibrium acceptance
threshold ¢; 4 corresponds to the quality of an organ that type 7 is indifferent between accepting and rejecting. Recall

that when an organ is offered, accepting the organ provides the benefit of transplantation, whereas rejecting gives



Wang, Tung, Sandikel, Tanriover, and Ellis: Online Appendix for “Targeted Priority Mechanisms in Organ Transplantation”

S-3

an opportunity to transplant a higher quality organ at the risk of dying without a transplant. Accordingly, under a

participation equilibrium ~v¢(¢g), a type O candidate sets their equilibrium acceptance threshold by solving

BTo(45 %) = Uolals "7 (@) = ado (a5 7,7°(@)) + Ao (45 %,7°(@) ) B[ Tola) [ > 45 7]

a non-participating type D candidate, if exists, sets their threshold by solving

BTo(an ") = Un (' 7*(@) == adw (a57.7°(@) ) + By (4577 ) E[To (@) 10> 457,

and a participating type D candidate, if exists, sets their threshold by solving

(a)

(b)

(©)

(d)

BTo(a5%) = Uplas . 7°(@) = adp (a57.7°@)) + B, (457.9°(@) ) B[ Tola) | > 4> 5.
A mixed-participation equilibrium exists when the eligible candidates are indifferent to participating in the

program, which implies that a type D maintains the same utility whether they participate or not. Accordingly,

we have

aBw (a5%7°(@)) + By (a5%,7°(@) ) ElTo(0) | 0 > 43

—atp(4577°(@)) + Brp, (45777 (@) B [Tola) | 0> 0 > 057 (5-3)
where the left- and right-hand sides of equation (S-3) correspond to a type D’s expected utility from waitlisting
by not participating (i.e., UN(q]e\}a(,'ye (¢))) and participating (i.e., Uy (q]e\}q*,ve(q*))) in the program, respec-
tively.
No disadvantaged patients participate in the program in equilibrium when the expected utility of not partici-
pating is greater than that of participating when no one else is participating, i.e.,

UN (q;}q’ 0) > lim UP(qIED’ q? 7)
y—0+

Under this equilibrium, no type D candidate participates in the program, i.e., v¢(¢) = 0, and accordingly, types

O and N set their equilibrium offer acceptance thresholds by solving equations (la) and (1b) at v¢(¢) = 0,

respectively.
All disadvantaged patients participate in the program in equilibrium when the expected utility of not partici-
pating is less than that of participating when everyone else is participating, i.e.,
UP(q;;qa 1) > lim UN(Q]C;}q/V)'
y—1—
Under this equilibrium, all type D candidates participate in the program, i.e., v¢(¢) = 1, and accordingly, type
O and type P set their acceptance thresholds by solving equations (1a) and (1c) at v¢(q) = 1, respectively.

Let £(gq) and R(q) respectively denote the left- and right-hand sides of equation (1b). For notational simplicity,
in the remainder of the proof, we use A; (qf q*) and 7, (qf 5) to denote A; (q;E q*, 'ye((j)) and ; (qf 5, ve(c})),

respectively. Then we have,

I . pn(a)dg
1— -

1
dp AN(T—q)
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e o
dR(qN ) _ o pyly?) B o (g Do (559)
dgy' Ao (@@ Ay Axlg—g T TN

dR(qf\;q)

ay
unique solution because 57 (q) is increasing for ¢ € (g, q). Therefore, for q € (g, qp), we have dR(‘J) >0

and 8T'p(g) < 7=, on the other hand, for g € (¢}, ), we have %ff) <0and BTp(q) >
Then

which implies that = 0 when q;,"; = qp. where ¢}, uniquely solves 8Tp(q) = 7, which has a

> @
dp*

Rth) = -0 - (db) + 5y ( / ,BTD<q>pN<q>dq)
/ q BTD(qb)pN(q)dq>

o (- Iy pv(a)de ] i
T dp (1 (@9 ) " Xa—a) </qD Jolivle N(Q)dq>

« 1 o

= % + m /q/D (ﬁTD(qID) - dD>pN((Z)dq
= % = BTN (qp) = L(dp) (59

and

R(q) = dD(l—WN( 7))+ Brn (D E[Tp(g) [ 4>
<BTp(9)(1 =7n(2) + AN (9)Tp(7)

= BTn(q) = L(q) (S-5)

and

R(q) =

N(Q)
q dD(l—ﬂ'N( q) +7n(g / BTp(q dq

> BT (a)(1 - mn (@) + 7 (g )/ BTplg H”V((q)dq

=BTn(q) = L(q)- (S-6)

Since L(q) is increasing for ¢ € [g, ], and R(q) is increasing for ¢ € [q,q},) and decreasing for q € (¢, ql,
using the intermediate value theorem, (S-4)—(S-6) conclude that if the equilibrium threshold ¢%; exists, it is
unique, in (g5, q)-

Similarly, letting £(g) and R(q) denote the left- and right-hand sides of equation (1c), respectively, we have,

R(a5%) = adp(a5?) + oo (a7) B(To ()

a i g3 B /5
= [1-21= +—= Th(q)dg,
dD < )\p(q—q)> Ap(q—g) qg; D(Q) q

i>q>q37)
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and

aR(q5%) 4 1 LI

—_— = — — — q

dgsi Ao (@9 A Ae(@—g 7
a
] ),
)\P(q_Q)<dD PTo(ds)
o ar (o) o . .
which implies that —5-=0 when ¢33 = ¢}, where ¢}, uniquely solves ST (¢q) = -, which has a
q}Deq D

unique solution as shown above. Therefore, similar to the previous case, for ¢ € (¢, ¢} ), we have a%—gq) >0
and 8Tp(q) < 7> on the other hand, for ¢ € (¢p,q), we have 87;—;‘7) <0and 8Tp(q) > e

Then, following similar steps, we have

/N « q*_qb 6 1
Rlap) = dp (1 - )\P(q—Q)> * Ap(7—q) /q/D Tpla)dg
o 1 q «
/@—F)\P(Q—g) . (ﬁTD(qD)—dD>dq
= BTr(dp) = L(4p), (S-7)
and
R() = 7-(1=7p(@) + B7e (D E[To() |4 > 0> d]
<BTp(q)(1 —7p(q)) + Bmr(¢)Tn(q)
=BTr(q) = L(q), (S-8)
and finally,
a i—q ; .
Rla) = dp (1 - )\P(Q_Q)> - Ap(7—q) /q To(@)dg
i—q 3 4
>ﬂTD(q)<1‘AP<qq))*AP@q)/q Tolg)da
=BTr(q) = L(q)- (S-9)

Since £(q) is increasing for q € [q, q|, and R(q) is increasing for ¢ € [q,q),) and decreasing for ¢ € (g5, q],

*
€, q

using the intermediate value theorem, (S-7)—(S-9) imply that if the equilibrium threshold ¢z exists, it is
unique, in (¢}, g|. Finally, the uniqueness of qg’é follows similarly, and its proof is omitted here for brevity.

O

COROLLARY 1. Under a mixed-participation equilibrium v¢(q) € (0, 1), the participating and non-participating

type D candidates adopt the same acceptance thresholds in equilibrium, i.e., g5 % = q3°.

Proof of Corollary 1. Theorem 1 establishes that a mixed-participation equilibrium satisfies equations (1b)—(1d).

Using equation (1d) in equations (1b) and (1c), we have 81 (qf\}a) =pBTp(qp 5). And because T'p(q) is increasing in

g, we conclude that g7 ¢ = ¢ ? under any mixed-participation equilibrium. [J
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PROPOSITION 1. Under a targeted priority mechanism (q), no eligible candidates would participate in the pro-
gram, i.e., the equilibrium participation rate satisfies v¢(¢) = 0, if and only if

B . 1 o
BTp(q )<@+mvlgg+ . <TD( )~ dD)pN(q)dq 2)

Proof of Proposition 1. First, observe that when v¢(¢) =0, i.e., when no one is participating, if an individual type
D participates in the program, the expected utility of her participation is 37 (¢). This is so because when there is no
disadvantageous patient in the program, the first person participating will have fully prioritized access to all organs
reserved for the program. Therefore, w.p. 1, the patient will receive an organ of quality ¢ with the expected utility
BTp(q)- Note that ¢ should be greater than g7, to make sure that 575 (g) > #*. On the other hand, the expected utility

of not participating in the program when v¢(¢) =0, is given by:

BT (g5%) = aly (q?v";) + B7py (qfv";)E<TD(Q) lq> q;’v";)

« qqc,z;PD(Q)dq 8 g
Tdp |\ An(G—q) + A (7—9) /f:,;TD(Q)pD(Q)dq
:,BTD(qb)+A(qﬂq)/q (To(q) — Tn(qh))pn(q)dg. (5-10)

Since patients act in their best interest, when y¢(¢) = 0, it follows that g5 7 > ¢, i.e.,

b | / (To(q) — Tod))po(a)da > BTo(d),

5TD(QJE\}5) > BTp(q) <= BTp(dp) + m

which implies that

BTD<q;3>+M§_q) / (T (9) — To(d)po(@)da > ATo(d) + mf—@ / " (To() — To(dp))po(@)da,

€,q
N

and

BTo(dp) + mf—q) / (To(q) — To(d))po(@)da > AT (d). (s-11)

Because

tim [ (To(g) - To(dh))pk(a)dg = / (T (g) — To(d))po(a)da,

y—0+ 4
together with (S-11), we have that when v¢(¢) =0,

B q(TDU T (4 (0)da > BT d) (s-12)

BTD(qlD) )\D(q q) O

On the other hand, when (S-12) holds, the expected utility of partlclpatlon is BTp(gp"? ) satisfying that

b tim [ (Toq) — Toldp)wk (@)da,

6TD( )<6TD( )<BTD(qD)+m7_,0+ 4

which further implies that

b i q(TD<> To(dy)Wh @da = BTo(S").  (S-13)

BTn (a5 %) < BTp(dp) + Ao(d—q) o

The inequality (S-13) implies that not participating in the program leads to a higher expected utility. Thus, no disad-

vantaged patients would participate in the program in equilibrium, i.e. v¢(¢) =0. O
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PROPOSITION 2. Under a targeted priority mechanism (q), all eligible candidates would participate in equilib-

rium, i.e., the equilibrium participation rate satisfies v¢(q) = 1, if and only if

o q @ Y
o B a o o ; s (TD(Q)—g)pN(q)dq
dD+)\D(qq)/q < p(q) dD)dq>dD+>\D(qq) Jim T 3

Proof of Proposition 2. The expected utility of an individual type D participating in the program, when all other

type D candidates participate in the program, i.e. v¢(¢) — 17, is given by:

BTo(q5%) = atp (a57) + 870, (a57) E(To(@) | 4> 0> a37)

_ / o (j_q;q ﬁ 1

~Poldy) (1 vAD<q—q>> T s PO

ey B[ ,

= ATolan) + 3o [ @ Tl (5-14)

On the other hand, the expected utility of not participating in the program is given as follows:

8To (g5 ") = atn (457) + By (a57) E(To (@) | 4> 457)
S D (a)dg 8 e (el D ()
D) @, ko)

LB ST @~ To(an)pk(a)da
Ap(7—g) =1 1—7y '

= 5TD(‘J’D) 1-

=BTp(qp)

(S-15)

Therefore, if the following inequality holds, then participating in the program is associated with a higher utility than

not participating, and all disadvantaged patients will participate in the program in equilibrium.

q UTr(q) —Tp NP (q)d
/ (Tp(g) = To(gp))dg > lim Ji (To(a) = To(dp) Pk (a)dg

~y—1— 1 -

}es,
The converse proof follows similarly, and is omitted here for brevity. [J

PROPOSITION 3. Under a targeted priority mechanism (q), a nontrivial fraction of eligible candidates would
participate in equilibrium, i.e., there exists a mixed-participation equilibrium v¢(q) € (0, 1), if and only if the following

two inequalities hold

@, B / q(TD(q)—£>zﬁ (q)dg < BTp(q) (4a)
dp  Ap(7—q) v—o+ J; dp )N - ’

: I(Tp(q) — £ )k (g)dq
di++/q*(TD<q)*dﬁ)dqédi++ lim. fi(re )1_dD) L W
D )\D(q—g) 05 D D AD(Q—Q) y 1 0

Proof of Proposition 3. First, observe that (4a) and (4b) are the complements of (2) and (3), respectively. There-
fore, if either of (4a) or (4b) does not hold, Propositions 1 and 2 establish that one of the two pure strategy equilibria
—no participation or all participation— would be adopted, proving the necessity of the conditions (4a) and (4b). And
the sufficiency of these conditions follow by the necessity of the conditions provided in Propositions 1 and 2 along
with Theorem 1 and Corollary 1, proving the existence of a mixed-strategy equilibrium in the absence of other types

of equilibrium. O
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THEOREM 2. Two thresholds q; and q,, where ¢ < ¢ < qu < G, determine how the target threshold q regulates the
type of the participation equilibrium adopted by eligible patients:

(a) Any q < q is a no-participation target threshold, i.e., v¢(¢) = 0.
(b) Any q € (q1,¢.) is a mixed-participation target threshold, i.e., v¢(q) € (0,1).
(c) Any q > q, is a full-participation target threshold, i.e., v¢(q) = 1.

(d) The two thresholds q; and q,, are the respective unique solutions for the inequalities (2) and (3) to be satisfied

as an equality.

Proof of Theorem 2.
(a) First, observe that the left-hand side of (2) is increasing in ¢ while the right-hand side is decreasing, therefore, there
exists a unique solution (see Proposition 1) for the inequality (2) to be satisfied as an equality. Let ¢; denote this

unique solution. Then the inequality (2) holds if and only if ¢ < ¢;, and thus, the proof follows by Proposition 1.

(c) Similarly, the right-hand side of equation (3) is a constant, while its left-hand side is increasing in ¢, and therefore,
there exists a unique solution (see Proposition 2) for the inequality (3) to be satisfied as an equality, which we denote

by ¢.. Therefore, the inequality (3) holds if and only if ¢ > ¢,,, and thus, the proof follows by Proposition 2.

(b) To prove (b), it suffices to prove that q; < ¢, which is equivalent to showing that there exists no ¢ such that (1e)
and (1f) simultaneously holds (see Theorem 1). We prove the result by contradiction. Assume that there exist ¢

satisfying both (le) and (1f), i.e.,

Up(gs?,1)> lim Uy(g3%.7), (S-16a)
y—1—
Un(g5%,0) > lim Up(gs%.7). (S-16b)
~—0t
Furthermore, we have
lim UP(qlequ7’y) Z UP(q}eizq7 )7 (S_17)
y—0+

which follows by that under a fixed offer acceptance threshold, the utility of participating type P would decrease by

increasing participation. Combining (S-16b) and (S-17), we have
Un(gn®,0)> lim Un(qy?7),
~y—1—
which gives a contradiction, because U N(qi}é, 0) <lim, ;- U N(qi}‘;, ~) as under a fixed offer acceptance thresh-

old, the utility of non-participating type [N would increase by increasing participation. Thus, the proof follows.

(d) The proof follows by the definition of ¢; and ¢,,, combined with the proofs of parts (a)—(c).
O

PROPOSITION 4. For any targeted priority mechanism with ¢ € (q;,q.), the equilibrium participation rate of

disadvantaged patients v (q) is unique and increasing in the target threshold q.

Proof of Proposition 4. We begin the proof by showing the uniqueness of «¢(g). Theorem 1 and Proposition 3

establish that the equilibrium offer accepting thresholds, ¢;’?, are unique under any mixed-participation equilibrium.
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For any targeted priority mechanism with ¢ € (¢;, ¢, ), the expected utility of a type D participating in the program is
given by
BTo(ap) + it [ (To(0) = Tola,))da (5-18)
YDAD(T—q) Jgsii
Similarly, the expected utility of a disadvantaged patient not participating in the program is given by

, B a . / ~v°(q) _
6TD(QD) + (1 —Ve(ﬁ))AD(Q—g) /Zf (TD<q> TD(qD))pN (q)dq (S 19)

is non-decreasing in vy, the expected utility of a participating type D is decreasing in vy

rx(9)
1—v
while that of a non-participating one is non-decreasing. Thus, the uniqueness of y¢(g) follows.

Therefore, given that

Using Theorems 1 and 2, we conclude that for any targeted priority mechanism with ¢ € (g;, ¢,,) the equilibrium

offer acceptance threshold of type D, ¢7; ‘;, satisfies the following equations:
F1:=BTp(q5%) — aln (457) = 8o, (457) E(To () |4 > @) =0,
F2:=fTp(q5%) — alp (q% q*) —B7p, (q% 6) E (TD(Q)
which can be equivalently written as:

F1=8Tp(q5%) — BTp(d)p) —

(1=74(q))

Therefore, we have
OF1  0Tp(q59)

da3 " gt

OF2 _ 59Tp(4p") | 5To(d5") ~Tnldp)

&;;35 aqE‘; 74(9)Ap(7—q)

OF1 o(J2(To(ah) — To(@)pk  (a)dg g .
ve(q) :)\D(q—q)(ﬂl—ve(cj))Q ( = ove(q) il >(1—76(Q))+[ (Tn(qp) —T. (Q))pYV(q)(Q)dq ’

or2 B g B /
H AT Ly T 0T

OFL_ p ) — 7\ YD)
87 ola— 9@ 2@ TPl
OF2 8

(TD(QB) —Tp(q)).

8 Ap(—9)r (@)

Using the implicit function theorem, %qﬁq) is given by

O(F,Fs) OF, 0F, _ OF, OF,
O ___eGap?) %1 oay®  aap® %4 (num)
¥ O(Fy,Fs) 9F_0F, _ 0Fi__9F:_ " (deno)’
q (2 gerd 97(q) 9g=: 1 9g% 9 074 (q) ( )
a(ve(a),ap?) a5 a5

First, observe that the denominator is as follows:

g2 de, & \Tnlas®) ~Tnldp)
@O D0 Kfm(q*) 1 —ve(é)) ]

(deno) =

() 1=7°(9)

+ g _8%@3%[( Ot e - D [ o) Tt

(@1 =7 @) a9 a(g59)

D
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where

(= / (To(dh) — To@)ph P (g)dq.

Therefore, —(deno) is positive given that ( 91 4

o . . . .
B T T (q*)) is negative, which holds under Assumption 6. Therefore

the sign of M is the same as that of the numerator, which satisfies the following
0F, 0F; OF, 0F;
(num)=—— - ———+
0i ogi  ogy 0
_ BT -Tolay) [Tl (1 Y@, Tolas") - Tola)
Ap(q—q) 8¢5 \ (@  1—7(q) (@)1 =7°(@)Ap(7—q)
>0,

and thus, we conclude the proof that %&(f;) >0. O

PROPOSITION 5. For any targeted priority mechanism, the impact of the target threshold (q) on the equilibrium
acceptance behavior of disadvantaged patients (q3 ) is characterized as follows:

(@) Ifq € [q, @), then qD’q does not change by q.

() If ¢ € (41, qu), then q%‘; = q;"; = qf\}‘; decreases (increases) in § when the expression given in (5) is negative

(positive): 7
@) [ o0~ Toa - 2 (B4

(©) If G € [qu,q|, then qg : qP increases in q.

Pk V(@) [¥(To(a) ~ To(dp))py P (@)dg
y=v¢(q) o 11—+ (Q) ’

&)

Proof of Proposition 5.

(a)&(c) We first prove parts (a) and (c). Theorem 2 establishes that when ¢ < ¢;, no type D will participate in the program,
and thus the selection of ¢ does not affect the equilibrium acceptance threshold. When, on the other hand, ¢ > ¢,, all
type D participates in the program, and any increment of the target threshold of the program ¢ expands the pool of
organs that the disadvantaged patients have priority over while keeping their participation rate the same. Therefore,
for any given acceptance threshold, the right-hand side of (1f) would increase with increasing ¢, and thus, as per

Theorem 1(c) the equilibrium acceptance threshold qg‘; would also increase in q.

(b) To prove part (b), first, recall Theorem 2, which establishes that for any q € (¢, Gu), only a nontrivial fraction of

be expressed as:

e d O(Fy,F) OF, OF, _ 9F, _OF,
9qp __ 0@ _ 9 (d) 99 94 v (a) _. _ (num) (5-20)
dq A(F1,F») ory  oF, _ oF_ _OF " (deno)
d(v(@ap® 9D aagt  agyt 97

And we have shown in the proof of Proposition 4 that —(deno) is positive under Assumption 6. Hence the sign of

a
25 is the same as that of the numerator, which is given by

g
— OF, OF, 0F 0F
ove(q) 94 9g Ive(q)

BT Tlap) p§<5><é>fqi,;<TD<q>—%(qb))dq< De, . >

= D @)% (- 0)? ) @ T (@)
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where

€ = / (To(dh) — To(@)ph P (q)dg.

ed
Therefore, the expression controlling the sign of 323 is given by

'v (4) )f“ TD(Q) TD(Qb))dQ . 8ff(TD(q) (QD)) ¥ “)(q)dq . ff(TD(q)_TD(qb))pr(1)(q)dq (5_21)
7(d) e (q) 1—74(q) '

Under a mixed equilibrium, the following holds using Theorem 1:

J3(Toa) - Tolap)p% Pla)da Jj:(To(@ ~ Toldy))da

1—7¢(q) B v¢(q)

Therefore, the expression in (S-21) can be equivalently written as:

X D@ [1To@) - Tolap)pk P (@da (0 [3(To(@) = To@p)pk @ @da  [(Toa)~To(ap)pk P (@)da
- 3 + % + 3 . (8-22)
1—v°(q) 9v¢(q) 1—v°(q)

Further simplifying the expression in (S-22), we conclude that the impact of the target threshold ¢ on the equilibrium

acceptance thresholds of disadvantaged patients g5 7 := g5 Y = ¢3? is determined by the following expression

0 <pN<q>> sg PR D@D T () = Toldp)pk ©a)da
o v ) =@ 1—76(6)

(1- (@) / (To(a) — To(d))) -

As a result, from (S-20), we conclude that the equilibrium acceptance threshold qu decreases (increases) in the

target threshold ¢ when the expression given in (5) is negative (positive), hence the proof follows.
O

PROPOSITION 6. For any targeted priority mechanism with target threshold (§):

(a) When q € [q,q], the selection of q has no impact on q¢; Q.
(b) When q € (41, qu),
(b-) If g <g<qg 9 then qeo’q* is increasing in q.

(b-ii) If q85 < ¢ < qu, and p};(q) satisfies M > 0 for any q, then q3* i is unimodal in q, attaining its

max

mode at q5** which is the unique solutton of gﬁ; =0.

(c) When q € [¢u,4q), qg? is non-increasing in q.

Proof of Proposition 6. From Theorem 1, we have that the equilibrium offer acceptance threshold of type O, g ¢

solves equation (la), given by

*

BTo(d5") = Uo(as%,7°(d) = ado (457,7°(d) ) + Bro (4577 (d) ) E[To(@) la > a57].  (5-23)

(a) Theorem 2 establishes that any ¢ < ¢; is a no-participation target threshold, and thus changing ¢ in this interval has

no impact on the equilibrium offer acceptance thresholds of type D and O. Hence the proof follows.
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(b) Theorem 2 establishes that any ¢ such that ¢; < ¢ < ¢, is a mixed participation threshold. If, in this case, ¢ < ¢5 %,

then we can write equation (S-23) as follows:

F3:=BTo(g5%) = 8T (db) - Ao(f q)/q (To(a) = To(ab)) (1 - pX ¥(a) ) dg =0,

We can write its partial derivative in ¢ as follows
d [ ;(To(a) = To(go)) (1 —p}e(”(q))dq
o
q) d

o i
a v¢(q)
=§ q8;<To<q>—To<qe,>><W>dq
B
olq—

OF3 B
dq q—

a)

E.;(TO(Q) —To(q5))

a)

»Q

We further have

9 dTo (g5 oy PG
e AO(qf’_q)((TO(qo‘I)To(qo))( 7 V) - [ Tota) - Tol ))(qugg(q))dq)

aq85 dgs
dTo(g57) B i / P D (g5 a dpk “(q) dv°(9)
=8 - To(gg?) —Tol(q 1— g /Tq A = |dq |.
i oD (To(a5™) ~ Tolab) ) )) i (Tota) = Tolao)) | =3 ey
Proposition 4 establishes that under Assumption 6, we have %{;é) > 0, and thus, dd”ip(‘i) =0and ‘1””7(()‘1) < 0 for
a5
any g € (qi, ¢, ). Therefore, we have
OF3 OF3
T<O, and,T&>0,
q 6qo’
which implies that
e & 9F3
dqd ! _ 6‘1 0
d(} - OF3 > 0.
dq5 1

If, on the other hand, we have qeo’ 1 < ¢ < qu, then we can write equation (1a) as follows:

Piai= BT0(d5%) = Ao(db) ~ 50— [ (Tola) = To(ao)) (1= P (@) )da =

We can write its partial derivative in v as follows

d [ (To(q) - To(gb)) (1 - Pﬁ(a)(q))dq
—q) dv

e a 7 (q)
. ((To@w» Tt (108 Va0) + [ (T0t0) ot (W)m)
(S-24)

\
&S

/ « g ap @
Let P4’ i= (To(d(+)) ~ To(gp)) (1 =k P (d(+))) and F4" = [1(To(q) ~ To(ab)) (“) dq respec-
tively denote the two terms in the large parentheses in (S-24). We already showed in the previous parts of the proof

that aF4 <0 for ¢ < g5 and 8F4 > 0 for ¢ > ¢,,. Observe that F'4’ > 0 and is increasing in 7, because T (¢(7))
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(c)

()

is increasing in -y and pYVE(Q) (g(7)) is decreasing in v. Moreover, F'4” <0 and is increasing in v when 82%’2@) >0,

ol 7 (a) O OF4 + . . * * % . .
because I’NT(‘]) < 0and a—g > (. Therefore, % 1sincreasingin g for any ¢ € [q;, ¢.]- Thus, there exists a unique
point ¢&3** € [§1, ¢, such that BB—F;* = 0. Furthermore, we have

OF4  _dTo(qg?)

- — >0,
8q8q dng
and
OF4
dng — oy
d'y 6F4* .
dq5 !

max

Therefore, we conclude that qg"; is increasing in [¢;, ¢7*"] and decreasing in [¢3**, ¢,,].
First, recall from Theorem 2 that any ¢ > ¢, is a full-participation target threshold. There are two possible cases
when the system is under full participation equilibrium; namely, ¢ < qf)’é and ¢ > g5 9. When q<4qg 5, equation (1a)

can be further written as

BT0(d5%) = ATo(db) ~ 5o | (Tol)=Toldo))da =0, (5-25)
4 q

and therefore, changing ¢ does not affect qeo’5 when qu‘; >G> qGy. When ¢ > ¢g ‘;, on the other hand, equation (1a)

€ q
o

can be written as

e,d B 7
BTolas") = BTo(do) = y——— / (To(q) —To(g0)) dg =0. (S-26)
Mo(@—q) J;
(S-26) implies that T (¢ ‘;) =Tol(gp) + m fg(TO (¢9) —To(qp)) dg, the right-hand side of which is decreas-

*
€,q

ing in ¢ because T (g) monotonically increases in ¢. Therefore, g5 ¢ decreases in ¢ when ¢ > ¢5? and ¢ > ¢,,.
Combining these two cases, we conclude that gg ? is non-increasing in g for ¢ > ¢,.
O

LEMMA 1. The class-separating allocations satisfy the following:
(a) There exists a unique threshold q} such that the utility of class O remains unchanged, gets better or gets worse

post the introduction of a class-separating allocation with q7 = qF, q7 < qb, or q* > qF, respectively.

(b) There exists a unique threshold q% such that the utility of class D remains unchanged, gets better or gets worse

post the introduction of a class-separating allocation with ¢ = g%, q* > ¢F, or qT < ¢, respectively.
Proof of Lemma 1.
Let ¢, denote the solution ¢ to the following equation:

[ rot@Totwis= [ Totwia s27)

4 q
Observe that any solution to (S-27) provides a threshold value that maintains the utility of the class O unchanged

post the introduction of class-separating allocation with ¢”'. The existence and uniqueness of ¢ simply follow by
the monotonicity of T'o(q) in g.
For any q7 < ¢, we have
/qpo(q)To(q)dq = /j To(q)dg < /q To(q)dg,
q a5 q”
which implies that class O is be;ter off under any class-separating allocation with g7 < ¢J. The remainder of the

proof follows by symmetry and is omitted here for brevity.
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(b) Similar to the previous part, let 5 denote the solution ¢” to the following equation:

= T

/ oo (@) Tp(q)dg = / " Tolg)dq. (5-28)

Observe that any solution to (S-28) provides a threshold value that maintains the utility of the class D unchanged
post the introduction of class-separating allocation with ¢”. The existence and uniqueness of ¢, follow by the
monotonicity of T'p(q) in q.

Furthermore, for any ¢7 > ¢%, we have

= T T

/q " po(@Tn(a)dq= / Y (g < / " Tolg)da,

which implies that class D is better off under any class-separating allocation with g7 > ¢&. The remainder of the
proof follows by symmetry and is omitted here for brevity.

O

THEOREM 3. If ;Og is non-constant non-decreasing in q € B, cj], then we have qb > qL and consequently any

class-separating allocation with q* € (¢}, q%) increases the overall utility by improving the utility of both classes.

Proof of Theorem 3. First, observe that Lemma 1 establishes that when q(T) < qg, the overall social welfare can
not be improved without hurting the utility of either class. However, when g2 > ¢%, any ¢7 such that ¢}, > ¢7 > ¢&

improves the overall social welfare by increasing the utilities of both classes because the following holds;

[ votTowda= [ Tolwda< [ Towaa

ab q”

/qqu(Q)TD(q)dq:/qqg Tp(q)dg< /qu To(q)dg.

Next, we prove that if Zo(a) j5 non-constant non-decreasing in q € [g, q‘] , then we have ¢} > ¢%. To show the desired

Tp(a)
result, we prove that under a class-separating allocation with ¢ = ¢Z, the utility of type O increases, which directly

implies that g7 = ¢}, < ¢& using Lemma 1. The following holds by the definition of ¢7:

q _ ap __
/ pp(¢)Tp(q)dg= / T'p(q)dy, (S-29)
a a
which, recalling that po(q) + pp(¢) = 1, can be equivalently written as
a _ a5 _
| a=pol@)Tol@ia— [ po@Tolaids=0. (5-30)
q” q
: . To(q)
Defining a(q) := TD(Z)’ we have
a_ q . q o ap _
| To@da~ [ polaTotda= | (1-po@)Tolada~ [ pol@Tola)ds (8-31a)
a5 a a5 q
q _ a5 _
=/ a(q)(1 =po(q))Tp(q)dg — / a(q)po(9)Tp(q)dg (S-31b)
ap q

>a(q£)/q(l—po(q))TD(q)dq—a(qE)/qq po(@)Tp(g)dg  (S-3lc)

=0, (S-31d)
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where (S-31b) follows by the definition of a(q), (S-31c) follows because «(q) is positive, non-constant and non-
decreasing, and finally, (S-31d) follows by (S-30). From (S-31d), we have qug Tol(q)dg > qu po(q)To(q)dg, which
implies that the utility of type O increases under the class-separating allocation with ¢q7 = ¢%. Therefore, using
Lemma 1 we conclude that g7 = g%, < ¢Z, hence the proof follows.

O

THEOREM 4. The impact of the targeted priority mechanisms on social welfare is characterized as follows:

(a) For any system such that ¢, < q§, the targeted priority mechanism with ¢ = q§, leads to a class-separating

equilibrium. Furthermore, this mechanism maximizes social welfare if %EZ; > 1 is non-decreasing in q €
D

(98, q), and the following inequality holds for all g:
— E er*
G—qEZ/E ,(1—P7v(q)(Q)) dg. ©)
a5’

(b) For any system such that 4, > q5, no targeted priority mechanism can guarantee a class-separating equilib-

TO(Q)
Tp(q)

social welfare compared to the status quo.

rium. However, if > 1 for q € (g3, G|, then there exists a targeted priority mechanism that improves

Proof of Theorem 4. Define g}, and g, as the unique solutions to 87p(qp) = 7= and STo(qp) = 7, respec-
tively. Define ¢; 9% to be the acceptance threshold of disadvantaged patients when ¢ is set to be ¢§.
(a) We analyze the systems having ¢, < g under two scenarios; ¢, = ¢ and ¢, < g5.

* Under the first scenario, i.e. ¢, = ¢, setting ¢ = ¢& would result in all type D participating in the program
(7v¢(¢) = 1, see Theorem 2), while type O getting fully prioritized access to all organs that they are interested
in, and therefore it would lead to a class-separating equilibrium.

Any target threshold ¢ > ¢§ = ¢,, would result in all type D participating in the program, i.e., 7¢(¢) =1 (see

Theorem 2). Further, we have ¢& > ng* for any ¢ > ¢& by Theorem 1 because

BTo(a5) = BTo(dp) + /\O(qﬁ_q) /q(TO(Q) —To(40))dg;

e
o

™

BTo(q5%) = B0 (d) [ @)~ Told)a

€, q
(€]

+ N /= N\

Ao(q—q)
If for all ¢ > ¢, we have ¢ % > q%";, then both patient groups are better off under the mechanism with
q = ¢&, and therefore, s (qgé, a5 5) <s (qg 9o, qg) by the definition of social welfare (see equation (6)). If,

on the other hand, there exists ¢ > ¢& such that 7, 9 < g3, then using Theorem 1, we have g5 ? and ¢3;*

satisfy:
8Tolais™) = Told) + 5——— [ (Tola) ~ Tolds))da (5:32)
Xo(G—q) J;
BT (a57) = Toldp) + 5o [ (Tola) = Tolap)da (5-32b)
Ap(@—q) Josi
and ¢5 and ¢5% satisfy:
_ q
BT0(d5) = Tolds) + 5—o— | (Tola) = Toldb))da, (5-33)
Ao(T—q) Jge

BTn(45") = BT (dp) + % / " (To(g) ~ Tolg))da. (S-33b)
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Combining (S-32b) and (S-33b) with Theorem 1, we obtain

(qﬁqo,qg) - S(qB",qu)

= (R0BTo(45") +AoATb(45 %)) = (AoBTo(ds ") + ApATb(g5 "))

- ( [ ot~ Totdp o+ [ (Tolw)~ Tolao)) - (Tole) —TD<q;3>>>dq>
- ( / Tolgig+ [ Tolo —TD<q))dq>
>0, (S-34a)

where (S-34a) follows from that qu >qp 190 ,Tp(q)>0forqe [¢,q], and = TO(q) > 1 for g € [g¢),q]. There-

fore, for any targeted priority mechanism with ¢ > ¢, the overall social Welfare is less than that of ¢ = ¢5.

On the other hand, any target threshold ¢ < ¢§ = ¢,, would result in ¢ ¥ < g5, because under this scenario
not all type D participate in the program (i.e., v¢(¢) < 1), and therefore, type O has no longer full priority over
organs [¢5,q). If for this scenario, we have ¢ D’q <4qp qo, then the mechanism with ¢ = ¢§ increases the utility

€, a5

of both type D (given by qu < g5 © and Theorem 1) and type O (given by qé’é < ¢§ and Theorem 1), it
maximizes the social welfare. We next analyze the case when there exists a target threshold ¢ < ¢§ such that
q%‘; > ngg. Under this case (q%‘; > qi_;q‘ﬂ’), we have ¢ < qeo"; < g§ or qg‘; < q<¢§. First, if ¢ < qeo"; < g8,

then, from Theorem 1, we have qg’ ‘;, q, and q,e:;q* satisfy the following equations:

ol =Toldo) 50— [ Tol@) Totao)) (113 0) )
ITolas ) = o ldh) + et ey | (00(0) ~Tolgp )y

B ! v°(4)
Ty . (@~ Tolao i

In this case, the overall social welfare can be expressed as follows:

BTp(g5%) = BTp(q)) +

s(a5%.457) =20BTo(d5") + ABTp (a5 "),

=5(AoTo<qsé>+vADTD<q;§>+ (1= ApTo(a5%)

=BroTo (45 +7/ (Tol(q To(tJb))(l @ (q ))dq+ﬂ>\DTD(q’D)

i—q /qe,;(TD(Q) —To(dp))dg+ qﬂq /;(TD(q) ~Tp(dp)pk P (g)dg.  (S-36a)

Similar to (S-36a), we can write

545 d5) =PAoTo do) + / (To(a) - Tolg))da + BAoTp(d))

. /f (To(q) = Tp(gp))dy. (S-37a)
q (@]

145

Combining (S-36a) and (S-37a) with ¢ < ¢ < a5, 95 ;d > q5 o ¢, we obtain the following

= wi o 8 QB‘i 423'{77
(qu >‘Jo) - S(qD’q,qO’q) S T'p(q)dq + TD(q)(l —pi@ (Q))dq
41 qp © 5
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B o _
= [ (To(@)~To(@) (1-pk () ) dg
4 Jqge
P Tt - %9 (g)d S-38
+— (To(a) = Tn(g))pk ” (a)da. (S-38a)
4—49Jq
Since J) Eq; > 1 is non-decreasing for q € [qeo’ ‘5,6} , the following holds
To(q) 0T (q) 7= AT p ()7
a(TD(Q)> — quTD(E) — quTo(q) >0 (S-39)
dq T'n(q)? 7
which implies that
dq dq
Thus, To(q) — T p(q) > 0 is non-decreasing for q € {qg q,q} Further, condition (10) implies that
/ @ (g)dg = /1dq / LD (g))dg
—7-do— [ 0 V0
a5
q q o
z/ﬂ (1-r2 ))dq—/f(l—pW(q))dq (S-41a)
a5’ a5
qo
:/ (1 @ (q ))dq. (S-41b)
a5’
Therefore, the following set of inequalities hold
o = @ © T (@)
[ @olw)-To@)nk @i+ [ " (Tota) - To) (1- % V(@) da
g a5
_ G _ e
> (To(96) = Tn(4o ))/ Py )dq+/e *(TD(Q)7TO(Q))<17PA]<I(q)(Q))dq (S-42a)
q¢

=
1} 90

e.q -,
o 90

2 (To(qg)*fp(qg))/qo (1 P (g ))dcﬁ/qi (Tp(q)*To(q))(lfp%c(q*)(q))dq (S-42b)

5

> [ ot -To@) (=P @)da+ [T -To@)(1-AV@)as 420

e, q e,q
o 90

=0, (S-424d)
where (S-42a) and (S-42¢) follow from that To(q) — T'p(q) > 0 is non-decreasing for ¢ € {qg’ ‘;,q}, and (S-
42b) follows from (S-41b). Observe that, the first line of the summation in (S-38a) is always positive, and
therefore (S-42d) implies that s (qg % , qg) —s (q 5945 ) >0 when ¢ < g5 s q§ . Following similar steps,
we can also show that s(qD %o , qg) — s(qD’ *, a5 ) > (0 when qo’q < ¢ < g%; we omitted those steps here for
brevity.
In sum, the social welfare under the targeted priority mechanism with ¢ = ¢§ is greater than that of any
mechanism with ¢ > ¢§, and those with ¢ < ¢§ . Therefore, the mechanism with ¢ = ¢ maximizes the social

welfare.
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* If, on the other hand, ¢, < ¢§, then setting ¢ = ¢ > ¢, would still result in all type D participating in the
program (v¢(¢) = 1), and leads to a class-separating equilibrium. Therefore, the proof follows by the proof
of the first scenario, i.e. ¢, = ¢§, since any target threshold ¢ > ¢& would still result in a donor-recipient

mismatch, whereas any target threshold ¢ < ¢ would result in the nonuse of organs of quality ¢ € (¢, q§).

(b) For any system such that ¢, > ¢&, any targeted priority mechanism with ¢ < ¢,, results in a nonempty set of non-
participating type D (v¢(¢) < 1, see Theorem 2). On the other hand, by the definition of ¢§, any mechanism with
G > ¢ > q§ results in type O lowering their equilibrium offer acceptance threshold below ¢§ < ¢. Therefore, in

this case, no targeted priority mechanism can guarantee a class-separating equilibrium.

e To €y — : : : a
Next, we prove that if ﬁ > 1 for g € [¢5',q], which is equivalent to T (q) — 35- = Tp(q) — 57, then setting
¢ = q¢ improves the overall social welfare. Observe that for the targeted priority mechanism with ¢ = ¢gy, if we
have ¢7y < qi;a, then s (qf:,’é, a5 5) > s(qpy,qy) because ¢&y < g ,d (see Theorem 1), and thus we conclude that

the mechanism improves the social welfare.

If, on the other hand, we have ¢35 > ¢35 7, 9 then g 4= qg . Further, ¢ q*, q, and qg‘; satisfy the following equations

BTo(g57) = BTo(ah) + /\O(fq)/q (To(q) — To(é]b))(l Pk P ))dq, (S-43a)
e, q\ __ / B a /
Aol ?) = FTolap) + gy = | oT910) = Tola)da (5-430)
BT (a35%) = ATolab) + =i = / (Tola) ~ Tolap)ph @ a)dg.  (5-430)
On the other hand, ¢ and ¢75 satisfy
BTo(95) = BTo(4o) + Ao(g )/i(To(CJ)—To(q'o))(l—pD(Q))dq, (S-44a)
BTolus) = o (dp) + 1o [ (Tol)~Toldp pola)ds (s-4aty

Using (6), the change in overall social welfare after the introduction of the targeted priority program with a target

threshold ¢ = g¢y can be written as
s (ngv % q) —s(ap,45) =AoTolag”) +vApTp(ap?) + (1 =1)ApTo(qp")
—2oTo(q8) — A\pTo(gy). (S-45)
Using (S-43c), we can write the following set of equations

2oTo(d5 D) +ApTo(g5%) + (1= ApTo (g5 %)

q

1 7 _ . 1
=AoTo(do) + — / Tola)(1-p¥ V(e ))dq+ADTD<qD>+— ;To0da
T—qJgi qd—q
1 ["% ‘(@
+— | To(apy *(g)dg.
9—4qJq
1 ("= ~* (@) / L[
_AoTo<qo>+n To(a)(1-rk <q>)dq+ADTD<qD>+n Tolg)dg
a5’ -

— / @ (q)da, (S-46)
qo
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where (S-46) follows because we have ¢ = ¢y .
Similarly, using (S-44b) we can write
e e / 1 a laal
AoTo(q95) +ApTo(qr) =roToldo) + p To(q)(1—=pplq))dg
1 Jqy
1 7_
+ApTp(dp) + 77— / T'p(q)pp(q)dg. (S-47)
(@-a) Joy
Combining (S-45)—(S-47), we have
e,q e,q ey _€o /8 T e ad °(g
s(a5%a57) ~ stai.05) == (| (Tol@) - To(@) (pola) - pk P @) da
=49 Jg
qfoo - a0 -
+ / Tp(g)(1 —pD(q))dq+/ . T'n(q)dq)
ap a5’
ﬁ q . e x
:?(/ (To(a) =To(9)) (pD(q) —px? (Q)>dq
4—4q Jggp
5 q
+ / Tp(q)(1=pplq))dq +/ . T'p(q)dq)
a5 a5
>0, (S-48)

where (S-48) follows because T'o(q) — T'p(q) > 0 for g € [¢y,G]. Hence, we have s (qg ‘5, a5 5) > s(¢%,q8), and
the proof follows.
O

COROLLARY 2. There exists a targeted priority mechanism such that ¢ = q(; 5, which satisfies the following:

(@ If q%’é > g%, then the mechanism improves the social welfare by increasing the utility of both patient groups.

M) If qf},’q* < 3, then the mechanism increases the utilization of available organs. Further, if ;LEZ; > 1 is non-
decreasing in q € [q3y,q), and the offer probabilities satisfy
q ‘@) q
/ *(1—p7v ! (q)) qu/ pol(q) dg, (10)
a5 q?
then it increases the overall social welfare by providing non-targeted patients improved access to higher quality

organs and increasing their utility.

Proof of Corollary 2. The existence of a targeted priority mechanism such that ¢ = q85 follows from Proposi-
tion 6, because we have ¢ > ng" for ¢ =q, while qeo’g =qy >qforg=qg<q.?

(a) For this case, using Theorem 1 and the definition of social welfare given in (6), we have the following inequalities

s(45%, 457 =ApBTo(457) + XofTo(d57) (S-49a)
>ApBTo(q5) +roBTo(qy) (S-49b)
=5(45,90)s (S-49c¢)

where (S-49a) and (S-49c) follow by combining the results of Theorem 1 with (6), and (S-49b) follows because

q D,& > g7 and g5 ? = ¢ > ¢ (which follows by a similar set of steps to those provided in (S-32b) and (S-33b) in

the proof of Theorem 4), and the overall arrival rates of types D and O are fixed. Hence, the proof follows.

2,7
2 Under the assumption that p}, (¢) satisfies % > 0 for any g, Proposition 6 implies the uniqueness of such a mechanism.
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(b) First, we show that v¢(¢) > 0 for ¢ = qg‘; under this case. Assume, on the contrary that v¢(¢) = 0, which implies
that ¢ < ¢; (see Theorem 2). If ¢7y < ¢ < ¢;, then any type D participating would enjoy an expected utility of
BTp(q) > BTp(gy), which contradicts with that v¢(¢) = 0 (see Proposition 1). And thus, we have qg"} =¢<
a5 <qg = q(e)"; (see Proposition 6(a)), which leads to a contradiction.

Therefore, we have that ¢ > ¢; and v¢(q) > 0, which together with the assumption that p}(,(‘;) (q) is decreasing in y(q)
imply that p}’\;(‘;) (q) < pX°(q) = pp(q). Furthermore, following similar steps to those in the proof of Theorem 4,
we can prove that qf)"; > ¢y, using Theorem 1, since p;’\;@ (¢9) <pp(g) and

BTo (g5 ) ZﬁTo(q/o)‘i‘ﬁ) /

5ot . Tol@ = Toldo) (1-9% V(@) da.

€ q
(&)

FTo(d3) = FToldo) + | (0@~ Tol@)1 - po(@)da

o
Observe that having qg"; > q¢ implies that the utility of non-targeted patients group improves after the introduction
of the program (see Theorem 1).
When qi-;a < g7, we can write the flows of organs (see (S-1)) to non-targeted, participating disadvantaged, and
non-participating disadvantaged patients, respectively, as follows:
Ik @ (q)dg

a-q

a1 . 7°(d) i .
A fq* (1 Pn (Q))dq ed\ q_ng
pol4s”) = o ;o pel(dp?) = =2

(i) -

Similarly, the flow of organs to non-targeted and disadvantaged patients before the introduction of the program,

respectively, are given as follows:

o L =pp(a))dg o JEpp(9)dg
po(4g) = - ,and pp(gp) ==————.

Therefore, the following holds:

> o (S-50a)

)

q_
= 1o0(43),

where (S-50a) follows from the condition (10). Thus, the flow of organs allocated to non-targeted patients increases
after the initiation of the program, and together with g5 ¢ > ¢, we have that non-targeted patients’ utility improves

along with their better access to higher quality organs.

Similar to the proof of Theorem 3, the overall social welfare before and after the introduction can be respectively

written as follows:

5(40,q97) = 2oBTo(qg) + ApBTp(4%), (S-51a)

s(45% 45") = AoBTo(as ") + ApATo (45 "). (8-51b)
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Therefore, using (S-51b) as well as (S-43c) and (S-44b) from the proof of Theorem 4, after some algebra, the

program with ¢ = qeo"i satisfies the following:
s(45%,a337) =208To(d5") + ApBTp (a5 )

—oBTo(do) + / (To(@) ~ To(a)) (1~ vk ¥ (a) ) da-+ Ao BT gh)
hi/q*(TD()—TD( dq+—/ (To() ~ To(dp)pk @ (@)dg

ShobToli) + 7 ?To<q>(1—p§<5>(q>)dq+ADﬁTD<qg>+q’%q | Tolaa

e, q
o =

>>\05T0(q0)+>\DﬂTD qD +7/ TD pD )d
qp

a qZ‘;"i a .
. / *TO(Q)(l_pYV(q)(Q)>dQ+/‘ TD(Q)dQ+/‘ To(g)pk (a)dg| (S-52a)
q q q,

€ q €0 e, q
o o o

B

_)\OBTO(Qo)“F/\DﬁTD(qD)‘i‘i/ Tp(g)pp(q )d(H'

el " To(@)(1 - po())da

€0
(€]

+ [ To@o@is+ [ (Tolw)-To(@) (ro@) -3 P ) da

e,
o 0

*
€ q

_|_/io (TD(Q) —To(Q))(l _pD(Q))dq

o

=XoBTo(q5) +ApBTp(qp +7/ Tp(q)pp(q)dq

LB

-4

/q,; (To(q) = Thn(q)) (PD(Q) —p} @ (Q)> dq

e, q
(o]

€0
(o]

+/i1d (To(g) —Tolg)(1 —pD(q))dq]

>XoBTo(95) +ApBTp(q + / Tp(q)pp(q)dgq (S-52b)
>XoBTo(q5) +ApBTo(gr)
=s(q5,qp) (S-52¢)

where (S-52a) follows from that qg‘} < ¢ and qu‘i > ¢g, and (S-52b) follows from condition (10) and that

TU (9)

Tolo) > 1 is non-decreasing in ¢ € [¢¢) , ]. Hence, the mechanism with ¢ = ¢ ? increases the overall social welfare
D

by providing non-targeted patients improved access to higher quality organs and increasing their utility.
O

Appendix C: Details of the Numerical Illustrations of the Impact of ¢ on Equilibrium Behavior

In §5.3, we present a numerical example to illustrate the analytical results concerning the impact of ¢ on patient
equilibrium behavior. This section details the specifics of that numerical example. In particular, we set the organ

allocation probability for non-participating type D individuals as p), (¢) = (0.5 — 0.04¢)(1 —~)"*® for any ¢ € [0, 1],
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Figure S-1 Equilibrium participation rates of elderly candidates in the targeted priority program with a
KDPI threshold of 84%, under varying ratios of pre- to post-transplant quality-of-life scores («/5).

adjusting based on the level of participation v and the organ quality g. For both patient types D and O, the post-
transplant life expectancy is modeled as a linear function of the organ quality, defined as Th(q) = To(q) = ¢, the
simplicity of which allows for straightforward comparisons. The parameters « and 3 represent the pre-transplant and
post-transplant life factors, respectively, set with a ratio of % = %. Moreover, the pre-transplant mortality rates are set to
differ significantly between disadvantaged (type D) and non-targeted (type O) patients, with rates denoted as dp = %
and dp = 2—90, respectively, to highlight the disparities in such health outcomes. With these selcetions, the equations
BTp(qp) = 7> and BTo(g0) = 4 yield unique solutions for the quality ¢p = 0.2 and go = 0.6, respectively. These
solutions indicate the threshold levels of organ quality that equate the adjusted life expectancies to the respective

pre-transplant life for each patient type.
Appendix D: Robustness Analyses

To ensure the reliability and practical relevance of our findings, we examine the robustness of the proposed targeted
priority mechanisms under variations in key modeling assumptions. In this section, we present two extensions: (i) a
sensitivity analysis on the relative valuation of pre- versus post-transplant quality of life (§D.1), and (ii) an analysis
of voluntary disenrollment behavior from the targeted program (§D.3). Together, these analyses test the stability of
equilibrium participation outcomes and the broader performance of the mechanisms under more flexible behavioral

and system-level assumptions.

D.1. Sensitivity Analysis

In this section, we perform a sensitivity analysis on key system parameters used in our case study (§7). Recall that the
case study evaluates the impact of the proposed targeted priority mechanisms using the comprehensive and validated
simulation framework developed by Sandik¢1 et al. (2019). As discussed in §7, key simulation events and outcome
metrics are either directly linked to national transplant databases or calibrated using SRTR’s predictive models. A
central modeling assumption in our study is the differentiation between the quality of life before and after transplan-
tation. Consistent with estimates from the medical literature, we adopt a base-case ratio of ¢/s = 3/4 to capture this
trade-off (Wang et al. 2021, Tonelli et al. 2011). However, recognizing variability in these estimates across studies, we

conduct a sensitivity analysis by varying this ratio from 0.05 to 1. Specifically, we examine how changes in the relative
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valuation of pre- and post-transplant health states affect equilibrium participation decisions under the targeted priority
mechanism.

We focus on equilibrium participation as it is a key driver of system-level outcomes under the proposed policy, as
demonstrated in both our theoretical and numerical analyses. Figure S-1 presents the equilibrium participation rates
of disadvantaged patients (specifically, elderly candidates) in a targeted priority program with a target KDPI threshold
of 84%, assuming that patients optimize for quality-adjusted life expectancy. The results demonstrate that equilibrium
participation remains highly stable across the range of tested values. Even when the ratio of pre- to post-transplant
quality-of-life scores varies substantially (from 0.05 to 1), the equilibrium participation rate remains within a narrow

band of 0.695 to 0.713, indicating the robustness of our findings to this modeling choice.

D.2. Numerical Evaluation of the Equilibrium Program Participation Under Alternative Objectives

Patients in the real allocation systems may potentially utilize metrics other than the expected utility when making their
participation decisions. For example, elderly patients may particularly prioritize the reduction of mortality. Figure S-2
illustrates the identification of the equilibrium participation rate when mortality is the primary concern of patients.
Similar to the case of expected utility, there is a significant discrepancy in mortality when the participation rate is near
0. As the participation rate increases, the normalized mortality of participating patients grows with an increasingly
slower pace while remaining the lower mortality option until the participation rate reaches 0.92. It is noteworthy that
the equilibrium participation rate of 0.92 identified by normalized mortality is higher than that of utilizing expected
utility, which highlights the predominant benefit of the program in reducing pre-transplant mortality.

Patients may also prioritize their likelihood of receiving transplantation when making participation decisions. Fig-
ure S-3 illustrates the equilibrium participation decisions when patients prioritize normalized transplantation rate as
their primary objective. It demonstrates that the program consistently yields a higher normalized transplantation rate
for participating elderly patients when the participation rate is below 0.79. Note that the equilibrium participation rate
identified by normalized transplantation is even more aggressive than that of expected utility or normalized mortality,
which highlights the improved transplant access as the most prominent benefit of targeted priority mechanisms for

elderly patients.

A
W
o
=)

— = Non-participating Elderly

3300 — Participating Elderly

# of Waitlist Deaths (Normalized)
8
o
o

0 0.25 0.5 0.75 092 1
Participation Rate

Figure S-2  Waitlist deaths among participating and non-participating elderly under the targeted priority
program with a KDPI threshold of 84%. The counts are normalized to the arrival rate of each patient group.
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Figure S-3  Transplant counts of participating and non-participating elderly under the targeted priority
program with a KDPI threshold of 84%. The counts are normalized to the arrival rate of each patient group.
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(c) Disenrollment threshold: 731 days

Figure S-4  Expected utility of participating and non-participating elderly patients under the targeted
priority program with a KDPI threshold of 84%, assuming voluntary disenrollment from the program after a

fixed waiting time.

D.3. Voluntary Disenrollment from the Targeted Program

As discussed in §7.1, identifying equilibrium behavior within the organ allocation system depends critically on how
patient preferences are modeled. In our main analysis, we explored equilibrium participation under three decision-
making criteria: expected utility (quality-adjusted life expectancy, QALE), transplant probability, and pre-transplant
mortality. This section examines the robustness of those findings under a more flexible policy that allows for voluntary

disenrollment from the targeted priority program.
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Figure S-5  Normalized pre-transplant deaths among participating and non-participating elderly patients
under the targeted priority program with a KDPI threshold of 84%, assuming voluntary disenroliment after a
fixed waiting time. Death counts are normalized by the arrival rate of each patient group.

Specifically, we relax the assumption of irrevocable participation by introducing a policy feature that permits patients
to opt out of the targeted program after waiting for a fixed duration, termed the “disenrollment threshold”, and rejoin the
general waiting list with their accrued waiting time preserved. This mirrors the structure of the Eurotransplant Senior
Program (ESP), which allows elderly patients to return to standard allocation after participation. We evaluate three
disenrollment thresholds: 365 days (1 year), 548 days (1.5 years), and 731 days (2 years). Figures S-4a—S-4c present
the expected utility of participating and non-participating elderly patients as a function of the overall participation rate,
under each disenrollment policy. Across all three thresholds, we assume a KDPI threshold of 84% and use QALE as
the primary decision criterion.

Strategic Implications of Voluntary Disenrollment. We find that when patients are allowed to opt out after 365
days, participating elderly achieve higher expected utility than non-participants across the entire range of nontrivial
participation rates (Figure S-4a). Consequently, full participation becomes the unique equilibrium outcome: joining
the program strictly dominates non-participation for all disadvantaged patients. A similar conclusion holds under a
548-day disenrollment threshold (Figure S-4b). When the disenrollment threshold is extended to 731 days (Figure S-
4c), the expected utility of initial participants continues to dominate that of non-participants, although the equilibrium
participation rate slightly drops to 0.96. This near-complete participation suggests that permitting voluntary disen-
rollment, even after a longer waiting period, does not discourage program engagement. Interestingly, relative to the
no-disenrollment baseline (Figure 3), the introduction of a disenrollment option appears to increase equilibrium partici-

pation rates. In our implementation, patients who disenroll return to the non-participating queue without any advantage
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Normalized transplant counts for initially participating, non-participating, and initially
participating but subsequently disenrolled elderly patients under the targeted priority program with a KDPI
threshold of 84%, assuming voluntary disenroliment after a fixed waiting time. Counts are normalized by the

arrival rate of each patient group.

in waitlist position or priority. As a result, disenrollment does not improve access to higher-quality kidneys and can

reduce access to program kidneys that would otherwise be prioritized for them. This helps explain why disenrollment

is not beneficial on average to those who exit the program and why allowing an opt-out option does not erode participa-

tion incentives. As noted in the main body, individual patients may still reconsider participation as their clinical status

Participation Rate
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Figure S-7  Equilibrium participation rates of elderly patients in targeted priority mechanisms under varying
KDPI thresholds, assuming a disenrollment threshold of 548 days.
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evolves, but modeling fully individualized, endogenous disenrollment decisions is beyond the scope of our simulation
analysis.

We also examine how group-level outcomes vary under different decision criteria. Across all three disenrollment
thresholds, elderly patients who initially participate in the program consistently experience significantly lower pre-
transplant mortality rates compared to non-participants Figures S-5a—S-5c¢). Likewise, participants consistently achieve
increased access to transplantation than non-participants under any nontrivial participation rate (Figures S-6a—S-6c).
These patterns indicate that the benefits of voluntary disenrollment for participating elderly patients persist across
different objective functions. While this suggests that the added flexibility of disenrollment may improve the perceived
value of the program, it is not entirely clear whether the increase in participation is driven directly by the availability
of the disenrollment provision or by the resulting dynamics it induces; further investigation is needed to understand
this effect.

To better understand how voluntary disenrollments influence the equilibrium participation rate in the program, we
vary the KDPI threshold under the 548-day disenrollment policy and examine the resulting changes in participation
(Figure S-7). In line with our theoretical results and baseline numerical analysis, participation remains non-increasing
in the KDPI threshold. Notably, full participation is sustained up to a target threshold of 86%, after which it gradu-
ally declines, reaching zero at a threshold of 100%. These findings reinforce the conclusion that allowing voluntary
disenrollments does not undermine the attractiveness of targeted priority mechanisms; on the contrary, it broadens
participation in equilibrium.

Impact of Targeted Priority Mechanisms with Voluntary Disenrollments on Key Transplant Outcomes.
Although the results indicate that voluntary disenrollment does not confer a strategic advantage to individuals, real-life
patients may still exhibit impatience, violating our assumption of full rationality. Accordingly, we evaluate the system-
level impact of targeted priority mechanisms when patients withdraw from the program after waiting 1.5 years without
receiving a transplant. Figure S-8 summarizes the system-wide effects of such a mechanism across key outcomes:
number of transplants, organ nonuse rate, pre-transplant mortality, waiting list size, and one-year post-transplant graft
survival. At a KDPI threshold of 84%, the program increases annual kidney transplants by 207 (Figure S-8a) and
reduces the organ nonuse rate to 23.12%, down from the 24.54% baseline (Figure S-8b). These gains yield significant
life-saving benefits, with up to 530 additional patients surviving the waitlist annually, including 60 direct lives saved
(Figure S-8c). The higher transplant activity also decreases the waiting list size by approximately 470 patients (Fig-
ure S-8d). Importantly, these improvements in access and efficiency do not come at the expense of transplant quality:
one-year graft survival remains high at 94.11%, nearly matching the 94.24% baseline (Figure S-8e).

The Effect of Targeted Priority Mechanisms with Voluntary Disenrollments on Ineligible Patients. We also assess
the impact on non-elderly patients, who are not eligible for the program but may be indirectly affected by changes
in allocation dynamics. As shown in Figure S-9a, their pre-transplant mortality falls below baseline levels at KDPI
thresholds of 82% and above. Additionally, average one-year graft survival among non-elderly recipients improves as
the threshold decreases, reaching 96.01% at a KDPI of 76% (Figure S-9b). These outcomes suggest a favorable shift
in donor-recipient match quality for non-elderly patients, as targeted programs redirect disadvantaged patients away
from higher-quality organs. To further evaluate the overall benefit, we compute the expected utility for non-elderly

patients across different KDPI thresholds (Figure S-9c¢). Utility increases monotonically up to a KDPI of 88%, after
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Figure S-8  Impact of targeted priority mechanisms on key transplant outcomes, assuming a disenroliment

threshold of 548 days. Shaded regions represent 99% confidence intervals around the point estimates.

which it begins to decline due to reduced participation among elderly patients. Nevertheless, for any threshold above
84%, non-elderly patients attain higher expected utility compared to the baseline system. These findings reinforce the
theoretical insights from §5 and the baseline numerical analysis, demonstrating that well-designed targeted priority

programs can significantly enhance access, efficiency, and fairness—without imposing costs on ineligible patients.
Appendix E: Value of the Forfeiture Requirement

As discussed in the main body of the paper, the requirement that participating patients forfeit access to higher-quality
organs in exchange for priority over lower-quality ones is central to the effectiveness and fairness of targeted priority
mechanisms. This design feature serves two purposes: it ensures efficient organ—recipient matching by directing lower-
quality organs to patients more likely to accept them, and it protects ineligible patients from being crowded out.
Without forfeiture, participation in the program would be a strictly dominant strategy for all disadvantaged patients,
leading to near-universal enrollment. In such a scenario, ineligible patients would lose access to program-designated

organs without receiving compensating access to higher-quality organs, thereby worsening their outcomes.
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Figure S-9  Impact of targeted priority mechanisms on key transplant outcomes among non-elderly

transplant recipients, assuming a disenrollment threshold of 548 days. Shaded areas indicate 99% confidence
intervals around the point estimates.

To quantify the value of forfeiture, we use our simulation model to compare targeted priority programs with a KDPI
threshold of 84%, under two scenarios: one with forfeiture (the baseline design) and one without. With forfeiture,
ineligible patients (under age 65) experience 8,757 pre-transplant deaths in equilibrium and achieve an average of 580
expected post-transplant survival days. In contrast, without forfeiture, the number of pre-transplant deaths increases
to 8,846, and expected post-transplant survival drops to 542 days. Interestingly, the graft survival rate for ineligible
patients is slightly higher in the no-forfeiting case (94.99% vs. 94.95%). This indicates that, without forfeiture, ineli-
gible patients gain access only to a limited share of even higher quality organs, but at the cost of overall reductions in
both access and survival.

Taken together, these results highlight the critical importance of the forfeiting requirement. By maintaining access
to a sufficient pool of organs for ineligible patients while improving utilization of lower-quality organs, forfeiture

safeguards the implementability and system-wide benefits of targeted priority mechanisms.
Appendix F: Data Availability

The empirical analysis in this paper relies on data from the Organ Procurement and Transplantation Network
(OPTN)/United Network for Organ Sharing (UNOS), provided under a data use agreement that does not permit the
authors to share or redistribute the underlying data files. Therefore, the data used in this study cannot be publicly
posted by the authors.

Public information describing the relevant data files and the corresponding data dictionary is available

through the Scientific Registry of Transplant Recipients (SRTR) Standard Analysis Files documentation at https:


https://www.srtr.org/requesting-srtr-data/about-srtr-standard-analysis-files/
https://www.srtr.org/requesting-srtr-data/about-srtr-standard-analysis-files/
https://www.srtr.org/requesting-srtr-data/about-srtr-standard-analysis-files/
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/Iwww.srtr.org/requesting- srtr-data/about-srtr-standard-analysis-files/ and https://www.srtr.org/requesting-srtr-data/
saf-data-dictionary/. Researchers interested in obtaining access to the underlying data may apply directly to
OPTN/UNOS, subject to applicable review procedures and data use agreement terms, at https://hrsa.unos.org/data/

view-data-reports/request-data/.
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https://hrsa.unos.org/data/view-data-reports/request-data/
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