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A Co-payment Reimbursement

We first investigate the case where the expenses in pharmaceuticals are re-
imbursed through a co-payment system: patients are reimbursed a fraction
0 < a <1 of drug prices.

A.1 Second Stage: the Price Game

In this stage firms compete simultaneously in prices. With p; the drug price of
firm 4, and D; the demand faced by firm 4, the duopolists profit functions 7;
are given by
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As mentioned before, as the demand function is kinked, firms’ profit func-
tions are segmented. Thus, given the demand function, if
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The firm will be a monopolist and the profit function is given by,
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Otherwise, if
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the market structure will be competitive and the firm 1 profit is given by,
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Finally, if
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the market structure will be characterized by local monopolies and firm 1 profit
function is given by,
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In fact, for 0 < p; < po+ ‘(Zi:gf) + %:_g)z firm one faces the whole demand earning
monopolist profits.
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For p; € |p; + Sttt dbtutnmclan B 5 — 1,9, i £ j)

firms compete for the marginal consumer z located in the centre of the market.
This case is the one denoted as the competitive scenario.

Finally, for p; € [q;p+qj+xl_$2_(1_a)pj+2k k+‘“} i,5 = 1,2, i # j firms do
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not compete for consumers forming local monopolies, that is, are monopolists
in a demand subset.
Analogously for firm 2,
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We will now look for the Nash Equilibria in pure strategies (NE) of the
simultaneous moves price game played by the two firms in the last stage of the
overall game.

A price p; such that 0 < p; §pj—|—2("?:—aq)j ﬁ—:ﬁ% 1,j = 1,2 and i # j, can
never constitute a pure strategies Nash Equilibrium of the price subgame. The
proof consists of a standard undercutting argument. Within this price range
one of the firms will be a monopolists and the second firm would be out of the
market, earning zero profits. The latter will always have incentives to undercut

on the monopolist price strategy in order to gain the whole demand.




Having ruled out the monopolist case as a candidate Nash equilibrium in
the price subgame, we will then focus on the two polar cases: competitive
scenario, either with partial or full coverage, and the local monopolists sce-
nario. Moreover, in asymmetric locations, we will only study the case for which
1 — 27 — x5 > 0. The other case, 1 — z; — 2 < 0 is symmetric and therefore
results qualitatively the same.

Maximizing profits with respect to prices and solving the first order condi-
tions, the Nash Equilibrium in the price game for these two cases is summarized
in the propositions that follow,
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Proposition 1 For p; €

} with i,j = 1,2 and
i # j the market is characterized by two local monopolists and the Nash Equi-
librium in the price stage is given by',
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For p; € [qi RaFRa! ffa(l a)p’+2k, kltqa ] with 4,7 = 1,2 and i # j? firms
do not compete for the marginal consumer. There are consumers in the centre
of the market that are better off by not buying any of the drugs. Hence, firms

behave like local monopolists. )

Notice, however, that if, for some parameters’ configuration, Qk(_f—fi;) does not
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Nash equilibrium can not exist in the price subgame.

In such a case, having ruled out the existence of a NE where just one firm
covers the whole market, a Nash Equilibrium of the price subgame, if any, needs
to be in the last, competitive scenario.

fall in the interval [qir , then the local monopolist

The latter occurs whenever p; € {pj I q(:ly:a) . z2
2 2
firms profit functions being 71 = py (z — 21) — qu and mo =po (24 — 2) — %2.

Proposition 2 For p; € [pj + q(;lp:o?)j + ﬁ:(fj, qgl’ﬂﬁxl_ﬁ;(l_a)pﬁ%}3 the

market is competitive and the Nash Equilibrium in the price stage is 4
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1Second order conditions are always satisfied. Indeed, 8377"1 =—44+4a<0.

2From market structure conditions
3This is a market structure condition. For reservation prices that satisfy this condition the
market will be competitive
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A.2 First Stage: the Quality Game

Plugging the above found NE prices for each scenario in the relative range of
the firms’ profit functions, and maximizing with respect to qualities, we obtain
the optimal quality levels for the given prices. Substituting back these optimal
qualities in the Nash Equilibrium prices, we are then able to fully characterize
the subgame perfect NE of the two-stage quality-then-price game. The sub
game perfect Nash Equilibria will depend on the co-payment rate. Given that
the second order conditions are satisfied for « € [0,0.29] the analysis will be
done within this range. More precisely, we will have two sets of results one for
« € [0,0.16] and other for @ € [0.16,0.29].

Therefore for « € [0,0.16] under a competitive scenario two types of equilib-
rium arise: an equilibrium with full market coverage and an asymmetric equi-
librium with partial market coverage. Note that an equilibrium with partial
market coverage will never arise. The SPNE is characterized on the proposition
that follows.

Proposition 3 Under a competitive scenario, for k € [max {k14¢, kiiac, k1i4c}
min {k19¢, k2i4c, K15¢}]  and under condition Q; or condition Qy;;, the SPNE is
characterized by

N 1960axy + 490cxs + 501k — 1470ak — 583x1 — 82x9
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For k € [kac, k3c] and under condition 0°, the market is fully covered and the
subgame perfect Nash equilibrium qualities and prices are’
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Proof. For the co-payment the analysis is analogous to the reference pricing
case. The second order conditions on the price game are always satisfied for

5Equilibrium holding for @1 € [z2 — %, %:] and zo € [%, 1]

6Second order conditions satisfied for %— = % <0= a<0.29



a € [0,1]. Nevertheless, in the quality stage the second order conditions are
satisfied for @ < 0.29. In this interval, the optima will vary depending on
whether a € [0,0.16] or a € [0.16,0.29]. Consequently, the analysis will be
developed for the two ranges of the co-payment separately. Lets consider now
the case a € [0,0.16] .The profit function of firm 1 and firm 2 are given by

@
m = p1(5_21>_5
2
T2 = 102(24—3)—%2

The conditions that define the competitive scenario are i.e.,”
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These conditions can be written as
G+q T1—T2 2k
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Note that C1 = C3. Depending on the parameters the SPNE will differ. We will
then study four cases. Case 1.1: full market coverage, i.e. A > 0,¥ > 0. Case
1.2: symmetric partial market coverage, i.e., A = ¥ = 0. Case 1.3: asymmetric
partial market coverage with A = 0 and ¥ > 0.Case 1.4: asymmetric partial
market coverage with A > 0 and ¥ = 0. In Case 1.1: Full Market Coverage
solving the first order conditions we find that the SPNE is given by

bxrq 4+ 220 — 1 — 3k

i = : (18)
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4 = 3
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7 As these conditions apply to all cases defined under a competitive scenario we will through-
out the analysis make reference to them



And the Lagrangian multipliers by
11929 — 4061 + 525k (1 — ) + 595290 + 1120210 — 39 — 420

)\ =
315(1 — «)
v - —11921 + 40625 + 525k (1 — ) — 59521 ¢ — 1120x2c0 — 326 + 1295¢
B 315 (1 — )
Therefore we have,
qi‘ > 0=k < ks

@& > 0=k < kg

pi > 0=z +x2>

Py > 0=z +x2<

Nl w N~

A > 0=k> k.
U > 0=k > ko

With k3. the instant utility from treatment that solves ¢i = 0, k4 the instant
utility from treatment that solves g5 = 0, k;. the instant utility from treatment
that solves A = 0 and ks, the instant utility from treatment that solves ¥ = 0.
Therefore a maximum exists for

k € [max {kic, kac}, min {ksc, k¢ }]
It is straightforward to check that,

max {klc; k20} = k20
min {k?)cu k4c} k3c

Thus an equilibrium exists for k € [kac, k3c]. Checking that [kac, k3] is non
empty
o — 167/490

o — 252/490

The market structure conditions hold for the set of conditions 2 with Q defined

by,
11
Q=J 1€ [1’21*5,5]
o € [§, 1}
Therefore, summarizing, an equilibrium with full market coverage described by
(35) exists for k € [kac, k3] and if Q holds.
Case 1.2 Symmetric Partial Market Coverage. Solving the first order
conditions we find that the SPNE is given by,

51 (21 — @2 — 2Kk)

koe — k3 <0& 1 + 290 >

* 1
9 1750 — 73 (19)
x 35 (.’171 — T — 2k)
pi = 1750 — 73



And plugging ¢ and p; into the first order conditions on the Lagrangian mul-
tipliers we have that,

% 1629 — 8921 + 105k (1 — a) + 1400z + 35axs
oN 175¢ — 73
% 1621 — 8925 — 105k (1 — a) + 1400 + 350w, + 73
o 175¢ — 73
By SOCs 175¢ — 73 < 0, therefore g7 > 0 and p} > 0 for ¢ = 1,2. Moreover we
need to control whether % > 0 and % > 0,
oLy
— > 0=k <kg
X ¢
OLo
— k < kqe
BT > 0=k <ky;
With kg, the instant utility from treatment that solves % = 0 and k7. the

instant utility from treatment that solves W = 0. Therefore a maximum exists
for
k < min {k‘ﬁc, ]{i7c}

Studying the difference between these two thresholds, i.e., kg. — k7. we have
that,
(1 -z —x2) (73 — 175a)
105(c — 1)

and, since 1 > x7 + 29 and, by SOCs, 73 — 175a > 0, for o € [0,1] we have
that k¢. < k7.. Hence, an equilibrium exists for k£ < kg.. The market struc-
ture conditions hold fork < #5%2.As, by assumption, z; < xo for & > 0 this
condition never holds, therefore there is no equilibrium with symmetric partial
market coverage.

In case Case 1.3 proceeding in an analogous way as in the previous case we
have that equilibrium in qualities, in this case, is characterized by,

kﬁc - k?c =

. 12250+ 560 — 2172k — 1366a5 + 8062, — 980700 — 2450y — T35ka
a = 3 (12950 — 326)
. 24500 — 665 + 501k + 5832 + 8211 — 1960z20 — 4900w, — 1470ka
= (12950 — 326)
1
v o= (—2993 — 65621 + 3649z + 4305k + 250600,

9 (a — 1) (12950 — 326)
24851 — 30030k — 27545025 + 343002502 — 4287502 + 85750211+

+25725ka?)
A= 0
And the equilibrium in prices,
i} —805z2a + 77001 — 1575ka + 35a — 443 + 1575k + 100925 — 56621
b= 3 (12950 — 326) (—1 + )
= 665220 + 4900z, 4+ 175ka — 1155a 4+ 339 — 175k — 257z9 — 824

(129500 — 326) (—1 + )



The conditions that need to be satisfied are given by,

G > 0=k> ko

q;k > 0=k > ko
pik > 0=k > ki1
p; > 0=k < Ko
0L,
— > 0=Fk> ks
E)) ®

U > 0=k<kize

with ks, kg, k10, k11, k12 and ki3 the instant utility from treatment thresholds
that solve, respectively, A =0, ¢f =0,¢5 =0, p; =0, p5 =0and ¥ =0
.Therefore, a maximum exists for

k € [max {kse, koc, k10¢, k11c} , min {k12c, k13c }]
After checking the differences between all the thresholds, and we conclude that

max {k8C5 kgc, kl(]c, kllc} = kl()c

min{k1gc,]€1gc} - k13c

Thus, an equilibrium exists for k& € [kjoc, k13¢]. However, by checking that
[k10¢, k13¢) is non empty, it turns out that,

k10c — k13. > 0

Therefore this contradicts the condition needed for [k1oc, k13c] being non-empty
, i.e. k13c > k1o and consequently no equilibrium with asymmetric partial
market coverage (with the right hand side of the market fully covered) exists.

Finally for Case 1.4 Asymmetric Partial Market Coverage, proceeding in an
analogous way as in the previous case we have that equilibrium in this case is
characterized by,

. 1960ax; + 4900w, + 501k — 583x1 — 8225 — 1470ak
o= 12950 — 236
« _ 980az; + 245azxs — 2172k + 13661 — 806x2 — 735k
2z = 3 (12950 — 236)
A= g Y 1; G50 —330) (364921 — 65625 — 4305k + 30030ak — 27545021+
+2485awy — 257250k + 343000z + 857507 x)
U o= 0

And the equilibrium in prices,

—805220 + T70az, — 1575ka + 350 — 443 + 1575k + 1009z — 5662,
3 (12950 — 326) (—1 + a)
. 665z0a + 4900z, + 175ka — 11550 + 339 — 175k — 25725 — 82,
Pz = (12950 — 326) (—1 + )
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Checking the conditions that need to hold in equilibrium, returns a set of thresh-
olds in k,

G > 0=k <kise
@G > 0=k > ke
pT > 0=k <kire
py > 0=Fk> kis.
A > 0=k > ki
% > 0=k < kg

with k14¢, k15¢, K16¢, K17¢, K18c and k19, the instant utility from treatment thresh-
olds that solve, respectively, A =0, ¢7 =0, ¢5 =0, p] =0, p5 =0 and % =0.
Therefore, a maximum exists for

k € [max {ki4c, K16c, k1sc ), min {kise, K17e, K19 }]

Analyzing the differences between the thresholds ki4c, k16e, k1se and the differ-
ences between k5., k17¢, k19 we find that,

max {Kk14c, K16c, K1se} =  Kide
. kis for z1 + a9 < —a(:fls;;ggo
min {k15c, k17, K1ge a—167/490
kig for 1 + x9 > a—18/35

so that an equilibrium exists for k € [k14., min {k;5¢, k19.}]. Checking that
(k14c, min {k15¢, K19 })

is non empty by computing the differences between k14, and {k15¢, k19.} we find
that,
kise — k15 < 0
k1se — k19e < 0
Therefore, [k14c, min {k15¢, k19.}] is non empty. Finally, we still need to check
that the market structure conditions are satisfied, i.e.,
E > max{kiisc, kiiac}
k< kojse
Where kjjsc, k1i4c and kojqe stand for the thresholds that solve, respectively,
Cl1=C3=0,02 =0 and C4 = 0. Therefore, we need to check if the intersec-

tion of the two ranges of k defined by [k14¢, min {k15¢, k19c}] and [max {k1i4c, Kiiac } 5 k2iac)
is non-empty. Comparing the thresholds we can conclude that, for z1 + z2 <

_ler
0;74%_& the thresholds in k for which the equilibrium exists are described by the
35
set of conditions €4; with €y4; given by,
ke [k14c,min {kf2i4mk15c}] for xo > 21, X2 <314
Dy =1 k€ [kijge, min {kojac, k15c}]  for  mo > 221, 22 > 313
k € [k14c, min {k2ac, k15c}]  for x2 < 2171
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For 21 + x5 > O;—é%lthe thresholds in &k for which the equilibrium is exists are

3
described by the seg of conditions Qy;; with Qy4;; given by,

ke [l{ii7;4c7]€190] for xzo > max{%,?)xl} R X1 > To — %
k € [kiiac, k2iae] for xo € [3x1,4], z1 > 20— 13
ke [k‘14c, k‘lgc] for a5 € %,31‘1 , T1>To— 3

k € [k14c, k2iac] for 2o < min {%,3361}7 T1 > X — %

Quis =

where kji4c, k154 and kojq. stand for the thresholds that solve, respectively,
Cl1=C3=0,02=0and C4 =0. On the other hand for z1 < x5 — %, there
exists no equilibrium. Summarizing the results, an asymmetric equilibrium

. . . . ozfl—m
with partial market coverage exists either for x1 + zo < a_‘ﬁ;’g’ under €y; or
35

for 21 + 20 > %ﬁ when y4;; is satisfied. By ordering the thresholds of
the instant utility f;;)m treatment k for which the equilibrium with full market
coverage (in 2.1) with the equilibrium with partial market coverage (in 2.4)
we find that ks. > kaoe > max {kigc, k2iac, k15¢}. So that the equilibria never
overlap on the same interval of parameters and the equilibrium with full market
coverage (2.1) is defined for higher values of k than the equilibrium with partial
market coverage (2.4). While the local monopolies equilibrium only arises for
much lower values of k then the ones necessary for both equilibrium in the
competitive case W

For low reservation prices, the market will be served by two local monopolists
and the SPNE is described in the proposition that follows.

Proposition 4 For sufficiently low reservation prices firms behave as local mo-
nopolists and the SPNE will depend on the level of the instant utility from treat-
ment. For k < 2x1 — @ and k < x9 — x1 — Q_the market is partly covered with
non buyers on both extremes of the market and the SPNE is characterized by,

@G = ¢=0Q
. . k+Q
pl - p2_2(1_a)

For k € [2x1 —-Q,2 —2x9 — @ and k < 2xo — 4x1 — Q° the market is partly
covered but all consumers located on the left extreme of the market are covered
while on the extreme right of the market there exist consumers not buying any
drug. The SPNE is characterized by,

qI = 2$1—k
» = Q

« _ T

pl - 1_05
. k+Q
Pr = 90" a)

8These two conditions are compatible for x1 < %2
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Finally, for k> 2 —2x9 — Q and x; < x5 — % the market is partly covered with
consumers located around the centre of the market being the only non buyers.
The SPNE is given by,

¢ = 2z -k
@G = 2—2z9—k
. T

p = 1— o
T )

P2 = —l—a

Proof. Local Monopolies. Under Co-payment the conditions that define a
local monopolies market structure are given by

Cktatm
1—a

0 (C1)

P1

Q1+ q+2x1— 22
11—«

IA
o

2k
— —_— C2
P2t T~ (C2)
Proceeding in an analogous way as in the reference pricing regime, for the co-

payment scenario we will have that, for k < 2z — @,

G = ¢=Q (20)
o k+@Q

Market structure conditions satisfied for
k< kip

Where k;j, is the instant utility from treatment that solves C1 = 0 and is given
by ki, = 2 — 21 — Q. Therefore an equilibrium exists for k& < min {2:101 —Q, kip}
For k € [2:E1 —Q,2— 2y —@]

g = 2z1—k (21)
a = Q
. Z1
pl - (1 —O[)
. k+Q
P2 = 90"

Market structure conditions satisfied for

k’<25€2*4$1*@

That is compatible with k € [2351 —-Q,2 —2xs — @] as long as 1 < 2. Finally

11



for k> 2 —2x5 — Q

g = 2x1—k (22)
@G = 2—2z90—k
. . m
P = (1 o Oé)
« _ l-wm
Py = (1 o Oé)

Market structure conditions satisfied for

< 1
T1 = T2 5
]
For low reservation prices (k € [max {k14c, Kiiac, k1i4c b, min {k19c, k2iac, K15¢})
the market is partly covered but the neighborhood of firm 1 is fully covered.
Comparing firms’ prices and qualities we have

20 (105k (1 — o) + z1 (140 — 89) + x2 (35cx + 16)){23)
3(1—a) (1295 — 326) ‘
35 (105k (1 — a) + 1 (140a — 89) + x5 (350 + 16))
3 (12950 — 326)

Ap* = pi—p5=

*

At = ¢ —q =

And the market coverage is given by,

7 (21 (17 4+ 85a) — 75k (1 — o) — 2 (58 — 160cv))

M=
(12950 — 326)

(24)

For higher reservation prices, i.e. k € [ko, k3], the market is (endogenously)
fully covered (M° = 1) and, by standard comparative statics analysis, it imme-
diately follows that

dq; op;

do 0, Oa >0
aq; op;
a =0 ar Y

the effect of the reimbursement rate on quality is null, but is positive on equi-
librium prices. Furthermore, the instant utility from treatment has a negative
effect on quality but a nil effect on prices.

Moreover, optimal firms’ prices and qualities might differ. These differences
are a function of both locations and the reimbursement variable o

« Azt —1)

Ap* = p>1'< — P2 = 3 (1 — a) (25)

* * * 7
Agt = q1—<J2=§(961+962—1)
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Analyzing these quality and price gaps, between firms, we have that %;—pa =

(171:2;_13&3“‘) and a(qg;q;) = Q(iij_zf);l). Hence, for 1422 < 1 (> 1) the drug

produced by firm 1 is less (more) expensive and has lower (higher) quality than
the drug produced by firm 2. Moreover, the price gap is decreasing (increasing)
in the reimbursement variable a.

When the market is served by two local monopolists, for low reservation
prices, ie., k < 2z; — @, firms pricing and quality strategies are equal and
the market is partly covered with consumers on both sides of the market not
consuming any of the drugs. The market coverage is given by M¢ = 2k + 2Q.

For k € [2961 —Q,2—2xy — Q], the price and quality gaps are given by,

* * * 2$1_§_k
Ap* = e T
Agt = qi— g3 =211 -2Q—k

and the market coverage is given by M¢ = 2k + 2Q + 2z;.

As this equilibrium exists for k € [2x1 —Q,2—2xy — @] firm 1 sets a lower
price and quality than firm 2, i.e., Ap* < 0 and A¢* < 0. Indeed, for x1+x5 < 1,
firm 2 has a locational advantage and thus higher market power allowing for
higher prices.

Finally, also for k > 2 — 2z5 — @ drugs’ prices and qualities differ among
firms. Indeed,

« « % T1+x0 — 1
Ap* = e T
Ag® = ¢ — ¢ =2(x1+22—1)

For 1 + 22 < 1 (> 1) drug 1 is sold at a lower (higher) price and quality
than drug 2, i.e., Ap* < 0 (> 0) and A¢* < 0 (> 0). Market coverage is given
by M€ = 2—2.’132+2.’E1

We will now describe the results for the remaining range of co-payment rates,
i.e. for a € [0.16,0.29].

For higher co-payment rates, i.e. « € [0.16,0.29], the above described com-
petitive equilibria (with asymmetric partial market coverage and full market
coverage) will still hold (even though the range of the instant utility from treat-
ment for which they exist will differ) but the local monopolies equilibria will no
longer exist?. Additionally, the existence of an equilibrium with partial market
coverage will depend on the relation between firms locations, namely on whether
T > %2 or r; < % holds. Therefore, the SPNE in this case is given by,

9Note that for some parameter configurations we could have that by increasing the reser-
vation prices k the market structure would switch from competitive to local monopolies.
Nevertheless, allowing for this possibility would lead to further sub-cases that would not bring
further insight on the qualitative results despite of complicating even further the analysis.
Therefore we have restrained the analysis from these cases and focus on the range of parame-
ters for which they will not arise.

13



Proposition 5 For x; < £ and for k € [0, ke.] the market is asymmetrically
partially covered and the SPNE is characterized by

N 1960z + 490axs + 501k — 1470ak — 58321 — 822

h = (1295a — 326) (26)
o - 980av, + 245axs — 2172k — 7350k + 136621 — 80622 (27)
2 3 (12950 — 326)
« _  0665ar +490azxs + 175k — 175ak — 257z — 821
bro = (1— ) (12950 — 326)
. 805021 + 7700wy — 1575k + 1575ak + 1009z, — 56612
by = (28)

3(1— a) (12950 — 326)

For k € [kic, k3] and under condition Qy the market is fully covered and the
SPNE is given by,

o521 + 2z — 1 — 3k

G = 3 (29)
* 6*3k’*2$1*5$2
a9 = 3 (30)
* . 21’1 + 21}2 -1
= T3a
3 —2x1 — 229
Do 3 (1 o Oé) ( )

Hence, for such range of locations we have two separate equilibria each arising
within a specific interval of the instant utility from treatment.

On the contrary we will now describe a situation where multiple equilibria
can arise.

Proposition 6 For % < x; < 0.46x2, for k € [0, ke.] we have multiple equilib-
ria, one with symmetric and another with asymmetric partial market coverage.
The sub game perfect Nash equilibria is given by,

51 (21 — a2 — 2Kk)

% = 175¢ — 73 (32)
x 35 (.’171 — Ty — 2k)
pi = 175¢c— 73

while the SPNE is given by (26). Within the same range of locations, % < x1 <
0.46x2, but for k € [ki., k] instead, there still exists a SPNE with full market
coverage characterized by (29).

Proof. Proof Follows below m

Finally, results remain qualitatively the same for z; > 0.46z2 with the only
prominent difference that there is an interval of (low) values of k within which
only the equilibrium with partial market coverage exists.
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Proposition 7 For z; > 0.46x2 and k € [0, min {k;i4c, k1540 }] there is a unique
SPNE characterized by partial coverage (32). For k € [max {kiiac, k1iac} , ksC]
there are multiple equilibria one with symmetric and another asymmetric partial
market coverage, respectively characterized by (32) and (26). Finally for k €
[k1c, k3c) the market is fully covered and the SPNE is given by (29).

Proof. Proof Follows below m

Analyzing the results described in the propositions, for x; < % and k €
[0, k6c] the market is partially and asymmetrically covered and the price and
quality gaps are given by (23) and the market coverage by (24). For k € [k1., k3|
and Q; the market is endogenously fully covered (M = 1) and the price and
quality gaps are given by (25).

For 1 > £ a new equilibrium exists (under the conditions specified in
propositions 6 and 7). When this equilibrium holds firms pricing and quality
strategies are equal, implying null quality and price gaps, i.e. Ap* = Ag* = 0.
The market is partially covered and the number of consumers buying a drug is
given by,
1052k + 22 —21) (1 — )
B 73 — 175
Now follows the proof of these three last propositions.
Proof. Recall from proof of proposition 20 that the second order conditions on
the price game are always satisfied for a € [0,1]. Nevertheless, in the quality
stage the second order conditions are satisfied for a < 0.29. In this interval, the
optima will vary depending on whether a € [0,0.16] or a € [0.16,0.29]. Having
previously solved the case for which.ao € [0,0.16], lets now consider the case
a € [0.16,0.29] .The profit function of firm 1 and firm 2 are given by

M€ <1

@
T = p1(5_21>_5
2
Ty = 102(24—7)—%2

For o € [0.16,0.29] the conditions that define the competitive scenario are the
same as the ones defined under Case 1, i.e.,

q1— G2 | T1— T2 (1 +q2) 1 — a2

< < — 2k 33
P2 + I~ o + 1—a = D=7, = D2 + (33)
— T —x + 1 — X
p1+(12 Q1+ 1 2 < p2§q2 q 1 2—p1+2k (34)
11—« 11—« l—« l1—«
These conditions can be written as
g +q T2 2k
— — — 0 C1
P1 I—a 1—o + D2 —a = (C1)
q1 —q2 1 — T2
— < 0 C2
P2 1-a l-a = (€2)
q2 + q1 Tl — T2 2k
_ _ — < 0 C3
P2 I~ o "o +m T—a = (C3)
q2 — q1 1 — X2
— < 0 C4
Pt 1-a - l-a = (C4)

15



Note that C'1 = C3.
Case 2.1 Full Market Coverage. Solving the first order conditions we
find that the SPNE is given by

5I1+2.’E2—1—3k}

i = . (33)
* 6—3k—2.’171—5.’172
@ = 3 (36)
x 21’1 + 2.’172 -1
o= 7304
3 —2x1 — 229
= = 7= 37
P2 3 (1 IR a) ( )

And the Lagrangian multipliers by
11929 — 40621 + 525k (1 — a) + 59522 + 1120z 0 — 39 — 420

)\ =
315(1— a)
v - —11921 + 40625 + 525k (1 — ) — 59521 ¢ — 1120x2c0 — 326 + 1295¢
B 315 (1 — )

Therefore, checking the conditions for which that must hold in equilibrium, we
have that,

@ > 0=k <ks
qy > 0:>k'<k4c

pi > 0=z +x2>

N[ W N =

py; > 0=z +2x2<

A > 0=k> k.

U > 0=k> ks
With ks, the instant utility from treatment that solves ¢j = 0, k4. the instant
utility from treatment that solves g5 = 0, k; the instant utility from treatment

that solves A = 0 and ko the instant utility from treatment that solves ¥ = 0.
Therefore a maximum exists for,

k € [max {kc1, kac}, min { k3., kgc }]
Analyzing the differences between {k.1, ko } and {ks., ksc} we find that,
max {klca kQC} = ki
min {k?)c; k4c} = kSC

Hence, an equilibrium with full market coverage exists for k € [ki., k3c]. The
market structure conditions hold for the set of conditions 2; defined as,
1 1]



Case 2.2 Symmetric Partial Market Coverage. Solving the first order
conditions we find that the SPNE is given by,

51 (.7}1 — T2 — Qk)

% = 1750 — 73 (38)
« _ 35(w1 —mo —2k)
pi 1750 — 73

And, by plugging ¢; and p; into the first order conditions on the Lagrangian
multipliers we have that,

0Ly 16z — 89z + 105k (1 — a) + 140wy + 3502
o 1750 — 73

0Ly  16x1 — 8929 — 105k (1 — a) + 14002 + 35ar; + 73
F 1750 — 73

By SOCs 1750 — 73 < 0, therefore ¢ > 0 and p; > 0 for ¢ = 1,2. Moreover we

need to control whether % > 0 and % > 0,

OLy
W > 0=k < kge
OLo
W > 0=k <k

Where kg. standing for the instant utility from treatment that solves %} =0
and k7. the instant utility from treatment that solves W = 0. Therefore, a
maximum exists for k < min {kg., k7.} . Computing the difference between the
two thresholds we find that,

(]. — X1 — 1'2) (73 — 17505)

kige — kire =
G 1T 105(c — 1)

and as 1 > 21 + a2 and, by SOCs 73 — 175« > 0, for a € [0.16,0.29] we have
that k. < k7.. Hence, an equilibrium exists for k € [0, ke.]. This range is non
empty if and only if ks, > 0, what implies that z; > 2. The market structure

conditions hold for
Tl — T2

2
As, by assumption, z; < x4 for k > 0 this condition always holds and an
equilibrium with partial market coverage exists for k € [0, kg.] and for z; > 22.
Case 2.3 Asymmetric partial market coverage.Proceeding in an anal-
ogous way as in the previous case we have that equilibrium in qualities, in this

k>
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case, is characterized by,

. 12250 + 560 — 2172k — 13662 + 80621 — 980220 — 2450y — T35k«
o= 3 (12050 — 326)
. 24500 — 665 + 501k + 58322 + 821 — 1960z20r — 4900z1 — 1470ka

@ = (1295a — 326)

¥ = ST 1; G5 25 (2998 — 65621 + 36492 + 4305k + 250600
+2485ax; — 30030k — 2754505 + 343002202 — 4287507 + 857502w +
+25725ka”)

A= 0

And the equilibrium in prices,

. —805320 + 7700z, — 1575ka + 350 — 443 + 1575k + 10092 — 5662,

b= 3 (1295 — 326) (—1 + a)

Ji _ G65ma0 + 4900z, +175ha — 11550 + 339 — 175k — 25Tz, — 821,
-

(12950 — 326) (—1 + )

The conditions that need to be satisfied are given by,

g > 0=k> ko

q; > 0=k > Kkioe
pik > 0=k > ki1
p; > 0=k < k2
0L,
— > 0=k > ks
) ®

U > 0=k<kize

Where ks, koe, k10c, k11c, k12¢ and k13 the instant utility from treatment thresh-
olds that solve, respectively, A =0, ¢f =0, ¢5 =0, p] =0, p5 =0 and ¥ = 0.
Therefore, a maximum exists for

k € [max {ksc, koc, k10c, k11c} , min {K12¢, k13c }]
Computing the differences between the thresholds we find that,

max {kSCa kg, k10c, kllc} = kioc
min {k12c, k13c} = Kise
Thus, an equilibrium exists for & € [k1oc, k13c]. However, we find that
k10c — k13. > 0

what contradicts the condition k13, > kig. required for non-emptiness of k €
[k10c, k13c). Consequently no equilibrium exists where the market is asymmetri-
cally partially covered with all consumers on the neighborhood of firm 2 buying
the drug.
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Case 2.4 Asymmetric Partial Market Coverage. Proceeding in an
analogous way as in the previous case we have that equilibrium in this case is
characterized by,

1960ax, + 490axs + 501k — 583x1 — 82z — 1470k

“o= 12950 — 236
. 980y + 2450y — 2172k + 136621 — 80629 — 7350k
£ = 3 (1205 — 236)
A= o) (1;95a —5%0) (364921 — 65625 — 4305k + 30030ck —
—2754501 + 2485awy — 257250k + 3430002, + 857507,
E— (39)

And the equilibrium in prices,

. —805za + 7T0az1 — 1575ka + 350 — 443 + 1575k + 100922 — 5662,

Pro= 3 (12950 — 326) (—1 + a)

o G650 4900z, + 175ha — 11550 4 330 — 175k — 25Tr, — 821,
-

(12950 — 326) (—1 + )

Checking the conditions for strictly positive quality and price levels and the
conditions on the Lagrangian multipliers we find the thresholds on k that will
define the range of k for which an equilibrium with asymmetric partial market
coverage is defined. These conditions are given by,

G > 0=k <kis
@ > 0=k> ki
pi > 0=k < kire
py > 0=k > ks
A > 0=k > ki
% > 0=k < Kige

With k14(:7 k15c; k16c; k17c; k18c and lec the instant utlhty from treatment thresh-
olds that solve, respectively, A =0, ¢ =0, ¢5 =0, p] =0, p5 =0 and % =0.
Therefore, a maximum exists for,

k € [max {ki4c, k15c, k17c, K19e}, min {K16c, K1sc }]

Computing the differences between the thresholds

{k14ca leC, k17c, leC}

and
{k16ca lec}
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it follows immediately that,

max {ki4c, k1sc, k17e, k19c} = Kiae
min {k166; klsc} = klﬁc

An equilibrium, then, exists for k € [kigc, k14c] - Indeed, it is straightforward to
check that [k16c, k14c] is non empty as,

k14c — k16e > 0

Finally, we need to control that the condition k € [k1g., k14¢] satisfies the market
structure conditions. Market structure conditions are satisfied if and only if,

E > max{kiisc, kiiac}
k< ko

Where kjjc, k1i4c and kojqe stand for the thresholds that solve, respectively,
Cl=0C3=0,C2 =0 and C4 = 0. Therefore, the equilibrium satisfies the
market structure conditions for

k> max{kige, kridc, Kiiac}

k< min{kisc, k2iac}
Checking that k1. — koiae < 0, it follows that the min {k14c, k2iac} = Kk14c.
Nevertheless, the max {ki¢c, k1i4c, kisac} Will depend on firms locations z; and

zo. In particular, by checking whether the thresholds kigc, k1i4c and k;;4. are
positive we find that,

k1i4c < 0<= 1 <0.4622
kijae < 0<= 21 <0.462>
kige < 0<= 21 <0.46x9

Thus, for 1 < 0.4624 an equilibrium with asymmetric partial market coverage

with exists for
ke [O, k‘14c}

Instead, for z; > 0.46z2 since kige < {Kk1ie, kiiac} we will have two cases
arising on which of the thresholds kigc, k1i4c and kjj4c is the maximum. For
0.46x2 < 71 < %, computing the difference k14c — kiiac we find that,

max {kiide, Kiiae} = Kiide
Therefore the equilibrium exists for
k € [kiiac, k1]
While for z; > %

max {Ki6c, Kiide Kiiae} = Kiiae
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And, therefore the equilibrium exists for
k € [kride, k1ac)

Hence an equilibrium with asymmetric partial coverage exists for any k €
[0,/41146} with z7; < 0.46z5 and for any k € [max{k1i4c,kii4c},kl4c] with z; >
0.16x5. Summarizing the 4 sub-cases 2.1, 2.2, 2.3 and 2.4 and ordering the
thresholds that define the range within which each equilibrium exists (by com-
puting the differences between the relevant thresholds) we can state that for
a € [0.16,0.29] we find that ks. > k1. > kec so that the equilibrium with full
market coverage in 2.1 is always arising for higher values of the instant utility
from treatment & than the ones necessary for the existence of the equilibrium
with partial market coverage in 2.4. Moreover, we also find that kg. = k14c SO
that the upper bounds of the intervals within which the equilibria with both
asymmetric and symmetric partial market coverage exist (2.4 and 2.2) are, in
fact, coinciding, so that they can overlap for a range of k while 2.1 is always
defined for k strictly higher that this upper bound kg. = k14.. The above ranges
of k (for which 2.2 and 2.4 exist) coincide perfectly as long as % < 21 < 0.46z5.
Note that as k > 0 and given that the equilibrium of local monopolies exists for
lower reservation prices than under a competitive scenario, since a competitive
equilibrium always exists for all £ > 0, there exists no equilibrium for a local
monopolist W

B Reference Pricing System

In this section we address the analysis of the effects of reference pricing on firms
quality and price strategies. The model structure follows closely the one used
in the previous section, only differing in the reimbursement system.

Expenses in pharmaceuticals are reimbursed through a reference pricing sys-
tem: patients are reimbursed a lump sum amount p, independently of the drug
bought.

B.1 Second Stage: the Price Game

In this stage firms compete simultaneously in prices. With p; the drug price of
firm ¢ and D; the demand faced by firm 4, the duopolists profit functions ;
are given by

_u
2

Given (?7?) and (?7), the market structure and profit function for firm 1 are
described as,

T = piDi 1= 1,2 (40)

if 0<p1<pa+q—q+x —2x2 (41)

Firm 1 will be a monopolist and the profit function is given by,
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4
7T1=]31(Z4—Z1)—§

Instead, if

Prta—q+r1—22<p1 <@ +qg+r1—22—p2+2(k+p) (42)

we will be under a competitive scenario and firm 1 profit function is given by,

4
7T1=]91(Z—Z1)—?

Finally if
if gg+@t+zr—22—p2+2(k+p)<pr <k+aq+p + (43)

the market will be served by two local monopolies and firm 1 profit function is
given by,

4
T = P1 (23*2’1)*3

Analogously for firm 2, the profit function is

2

q
szpz(z4—zl)—72
if 0<p2<p1+q—q+z —2 (44)
2
7r2:p2(2'4—z)—%2

if ppre—qg+rzr—22<pp<@pt+qat+z—z2—p+2k-+p,) (45)

2

7T2:P2(Z4*Z2)*%2

if g+qat+er—z2—pi+2(Kk+p)<p2<k+q@+p +z2 (46)

We now look for the pure-strategies subgame perfect Nash Equilibria of the
two stages quality-then-price game. As usual, by backward induction, we first
describe the Nash equilibria of the simultaneous moves price game in the second
stage.

Maximizing profits with respect to prices and solving the system of first
order conditions, the Nash Equilibria in the price game will be analyzed under
each of the three different market structures: monopoly, competitive equilibria
and local monopolists.
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Once again, for

P € [0,p2+q1 —q2+ a1 — 2]
p2 € [0,p1+q—q + 21— 2]

no Nash Equilibrium in the price game can ever exist. In fact, within this price
range one of the firms will be a monopolist and the other would be out of the
market. The latter will always have incentives to pick up a different strategy in
order to improve profits.

Hence we will focus on the two polar cases: competitive scenario and the
local monopolists scenario.

Proposition 8 Under a competitive market, the Nash Equilibrium in the price

stage is'"
2(pr+k)+a2—a1  17q2 — 3¢
TP* — 47
Py 5 + 35 ( )
, 2(pr +k)+ao—x1  17q1 — 3¢2
TP —
P2 5 BT

Proof. Under a competitive scenario, i.e., for ps+q1 — g+ 1 — 22 < p1 <
@1+ g+x1—23—p2+2(k+p) and p1+q@ —q +z1 -T2 < p2 <
g2 +q + 21 — 22 —p1+ 2 (k + pr) firms maximization problem characterized by,

e
maxm = p1(z—21)— =L
P1 2
2

max Ty = pa(z4—2)— 2
P2 2

Maximizing profits with respect to prices the first order conditions are given by,

1 T1—x2 3G — @2

19 — 3p; — r+k = 0
2.7?2 P1 5 + 2 +pr +

1 T1— T2  3q2—q1

Zp1 — 3py — r+k = 0
2pl D2 5 + 2 +pr +

And the second order conditions always satisfied and given by,

827'(‘1'
Op?

=-3<0 fori=1,2

Solving the first order conditions the equilibrium in prices is given by,

* 2(pr +k)+azo—a1 | 17¢2 —3qn
P = 48
* 2(pr +k)+aza—x1 171 — 3¢
TP —
P2 5 T
(')27r7' _

10Second order conditions always satisfied as o2 = -3<0.
i
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Plugging this expressions in the profit functions we obtain firms’ objective func-
tions in the quality stage,

2
* * * q
H}J?bxm(pppg;ql,qm-~-) = p1(Z(~)*Zl(-))*§1
. 2(pr +k)+axo—a1  17¢2 — 3qu
st. p; = ( )5 + 35 )
N 2(pr+k)+a2—2 171 — 3
Py = (P )5 2 1+ Q135 qz7 0 >0, 2 <1
@
H(IEXWQ(pT,p;;(Il,@;'“) = pa(al) —20) -5
2(pr+k — 172 — 3
st pl = (pr + )5+$2 1 n Q235 q
2(p, + k - 17q; — 3
e (pr + )5—|—x2 T Q135 QQ’ W30, m <1

Writing the Lagrangian functions

Ly = Wl(PT,P§;Q1,Q2;~-~)—)\(—Zl)—‘I’(Z4—1)
Ly = ma(pl,p5;iq1,q2; ) — A(—21) — ¥ (24 — 1)

where A and ¥ stand for the Lagrangian multipliers of the constraints z; > 0 and
z4 < 1 respectively. Note that even though z; only depends on firm’s 1 pricing
strategy and z4 only on firm 2 pricing strategy, since p; and ps are functions
of both ¢; and gsthe constraints z; > 0 and z4 < 1 need to be imposed on both
firms’ optimization problems. Maximizing L; w.r.t. A\, ¥,q1,¢o the optimum
must satisfy the following conditions,

?3—;1 = 0 (49)
g—sj =0 (50)
% > 0 (51)
% > 0 (52)

We will, then, have four possible cases: Case 1: A >0, ¥ > 0Case2: A=V =0,
Case3: A=0,¥ > 0and Case 4: A > 0, ¥ = 0. It is easy to show that case 3 and
case 4 will not hold simultaneously. Indeed these cases arise due to asymmetric
locations and their existence depends on the nature of the asymmetry between
firms’ locations, i.e., on whether z1 +x9 < 1. Without loss of generality, we will
assume that if firms are asymmetrically located (z1 + 2 # 1) it will be the case
that x1 + x2 < 1. Therefore, there exists no equilibrium for which A =0, ¥ > 0
i.e. in Case 3. Solving the cases,
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Case 1 Full Market Coverage Solving the system (49), (50), (51) and
(52) for A, ¥, ¢; and g2 we obtain,

5 2 1
1 = = -9 ——— (pr+ k 53
a4 301+ 322 =5~ (or +k) (53)
5 2
4 = Q—k—pr—ng—gﬂﬁl
5 17z — 58xy 13
A= —(k+p)+———mmm — —
g (ktp) = 105
5 17z1 — 58zy 326
UV = Z(k+p)- ——2=_ 2
g (ktpr) 15 315
Plugging into (48) the equilibrium in prices are given by,
_—_— 2 (:I?l + ;I}g) -1
pl - 3
N 3—2 (.%'1 + .%'2)
I

For second order conditions satisfied, the above expressions constitute a maxi-
mum if and only if ¥ > 0 and A > 0. Therefore, equilibrium will hold for the
following conditions

5 1725 — 58z, 13
3 (bt pr)+ — ~ 105 0
5 172, — 582y 326

g(k+pr)—4—5—ﬁ > 0

Writing with respect to k,
13 17.732 — 58.’E1

e
326 17x1 — 58xo
B> ot P

Additionally we need to write down the conditions for which
g > 0
pi > 0

for ¢ = 1,2. Writing the first two conditions with respect to k, the following
inequalities must be satisfied,

2x9 + b1 1
k<2, -2
3 br—3

2
k<2_5$2_;931_pr

On what concerns the conditions on prices,

1
p; > 0& x1+x2>§

3
py > 0 x1+x2<§
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Therefore since the second condition is always true for ;1 + z9 < 1 we simply
need to impose that =1 + x5 > % Define k3, the instant utility from treatment
that solves ¢ = 0, kg, the instant utility from treatment that solves g5 = 0, k1)
the instant utility from treatment that solves A = 0 and ks, the instant utility
from treatment that solves ¥ = 0. The equilibrium described above exists for

k< min{kgp,k4p}
k> max{kip, kop}

With,
k o 1_3_17%2—58.%1_
» = 175 75 Pr
L _ 326 17w, —58m;
T 55 75 Pr
2x9 + 511 1
ks, = —5  Pr—3
5o + 22
ky = 2-— % —pr

Since we need to order these thresholds in order to define the range for which
the equilibrium holds we need to compute the difference between them,

41

klp—kgp = —7—5(1—$1—$2)
7

kgp—k4p = —5(1—.%1—.%2)

for 1 > x1 + x2, k1p < kop and k3, < k4p. Therefore, an equilibrium then exists
for k € [kop, ksp]. For [kap, k3p] non-empty we need to have that kop < ksp.
Computing the difference ko, — k3, we find that,

36 167
kop — ksp = ~% (w1 +22) + 17
kop < ksp is true for
x1 + o > 0.66

Finally, since we are in a competitive scenario we still need to check that the
equilibria found does satisfy the (market structure) conditions for which firms’
profit functions are defined, i.e.,'!

Pt —q@t+ri—v2 < p<qt+etrr—r2—p+2(k+p,) (54)
mte—qagt+ri—z2 < p<q@t+tatzr—z2—p+2(k+p,) (55)

11 As these conditions apply to all cases defined under a competitive scenario we will through-
out the analysis make reference to them.
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These conditions can be written as,

PL—qi—q—21+xa+p—2(k+p) < 0 (C1)
Pt —q@t+ri—x2—p1 < 0 (C2)
P2—@—q—v1+z2+p—2(k+p) < 0 (C3)
Pt —qgt+zri—32—p2 < 0 (C4)

Note that C1 = C3. Plugging in the expressions that characterize the equilib-
rium, we have that, (C1), (C2), (C3) and (C4) hold for,

11
xr1 € 1'2—5,5

Let ® be a set of constraints defined as

oo melrn—t1
T + x2 > 0.66

we can conclude that an equilibrium with full market coverage exists for z; €
[.%‘2 — %7 %], z1 + 22 > 0.66 and k € [kgp,k‘;gp].

Case 2 Symmetric Partial Market CoverageProceeding in an anal-
ogous way as in the previous case we have that equilibrium in this case is
characterized by

512k + 2p, + z2 — 7]

* = 56
i = (56)
. 352k + 2p, + @2 — x1]
b = 73

We have that as, by definition, 29 > 1, ¢¢ > 0 and p; > 0 for i = 1,2.
Moreover, we have that

0Ly
ﬁ > 0:>k’<k'11p
0Lo
6_\:[/ > 0:>k’<k'12p

With k11, the instant utility parameter that solves %} = 0 and k;2p the instant
utility parameter that solves ¥ = 0. Therefore a maximum exists for

k < min {k‘up, k‘lgp}

As it turns out that,

ke
105

a maximum exists as long as k < ki1,. Checking the market structure conditions
we have that a competitive market structure holds for

kiip — ki2p = — (1—z1—m3) <0

k> kiszp
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With k;;2, the instant utility parameter that solves C4 = 0. Therefore, an
equilibrium exists for

k € [kiiop, k11p)

and [kii2p, k11p] is non empty for #1 > Z2. Therefore an equilibrium with partial
market coverage exists for k € [Kiap, k11,] and 21 > %2

Case 3 Asymmetric Partial Market Coverage. Proceeding in an anal-
ogous way as in the previous case we have that equilibrium in this qualities is
characterized by,

L 0% —d03e 20 362
= 189 189 ' 163 T
oo G065 S50L gy 088 4L
= 336 326 7 32672 1637
A = 0
M5 3609 338 2993
~ O Pr) T 5034™ 7 Ta67™ T 2934

And the equilibrium in prices,

oo 1009 RS A8 k)
PLo= 97827 489" T 978 T 326 \Pr

s 30 I g BT, A
P2 = 396~ 326 \Pr 32672 163"

The conditions that need to be verified are,

qf > 0:>k‘>k14p
q; > 0:>]€<k15p
pi > 0=k > kg
p; > 0:>k’<k'17p
% > 0:>]€>k13p
v > 0:>k‘<k18p

Where ki3p, k14p, K15p, k16p, k17p and kig, the reservation prices that solve, re-
spectively, A =0, ¢f =0, ¢ = 0, p; =0, p5 = 0 and ¥ = 0. Therefore, a
maximum exists for,

k € [max {k13p, k14p, k16p } , min {kisp, k17p, k1sp}]
By computing the differences between the thresholds

{k13p, k14p, k16p }

and
{k1sp, k17p, k1sp
we find that,
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max {ki3p, K1ap, K16p} = kizp

min{k15pakl7pak18p} = k’lgp

An equilibrium exists for k € [k13p, k1sp]. Checking that [k13,, k1sp] is non empty
by computing the difference between k13, and kig, we find that

k’lgp — k18p >0

Therefore the condition for [ki3p, k1sp| non empty, i.e. kigp, > ki3p is not veri-
fied and consequently there exists equilibrium with asymmetric partial market
coverage for which all consumers on the neighborhood of firm 2 buy a drug.

Case 4 Asymmetric Partial Market Coverage. Finally, again proceed-
ing in an analogous way as in the previous cases, we have that the SPNE, in
this case is characterized by,

N 583 41 501

= _— —_— —_ r k 57
G 3267 + 32672~ 306 Pr tH) (57)
¥ = @x —@IL‘ _A'_ﬂ( +k)
© = yg9™ " 189 T 163 V7
Lo BT 4 175
Pro= 356" T 16372 T 326 T
. - 2, 10, +%( + k)
P2 = 489" 978 1 T 163 T

And is valid for,

g > 0=k <kop
o > 0=k>koy
pi > 0=k < kagp
Py > 0=k > kap
A > 0=k > kg
% > 0=k < ko

With 19y, k20p, k21p, k22p, k23p and kasp the instant utility parameter thresholds
that solve, respectively, A = 0, ¢f =0, ¢5 =0, p] = 0, p5 = 0 and % = 0.
Therefore, a maximum exists for

k € [max {kigp, k21p, k2zp} , min {kaop, k22p, k24p }]
Computing the differences between the thresholds

{k19pa k21p7 k23p}

and

{kQOp ) k22p7 k24p}
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we find that,

max {k’lgp, kglp, kggp} = k19p
- koop for z1 + zo < 0.66
min {kaop, k2op, k2ap} = { k%j for 2y + 2y > 0.66

An equilibrium exists for k € [k1g,, min {kaop, k24, }]. Checking that
[k19p, min { ooy, k2ap }]

is non empty we find that,

k‘lgp — ]{igop < 0

kigp —kaap < O
Finally we need to check that the market structure conditions are satisfied.
By computing the differences between the thresholds kigp, kaop, k2ap, k2iap,
kiiap and ky;4p we can further state that for z; + 2 < 0.66 an equilibrium with

asymmetric partial market coverage exists if the set of constraints =; is satisfied,
with Z;; defined by

ke [k‘lgp, k‘2i4p} for x5 € [2261, 31’1]
- _ ke [kii4p7 k‘zop] for zo > max{?xl, 3.’E1}
- ke [k19p, k1i4p} for x5 € [1.39$1, 2£E1]

ke [klgp, kgop] for x5 < min{2x1, 139$1}

For 1 + zo > 0.66 an equilibrium with asymmetric partial market coverage
exists if the set of constraints =;; is satisfied, with =;; defined by

- _ ke [k19p7l€2i4p] for zo < min {2.’1?1, %}, T <
- ke [klgp, k24p] for zo € [%, 2.’131} s r <

N[0

Where kjap, k2iap and kijap stand for the reservation prices that solve, re-
spectively, C1 = C3 = 0,04 = 0 and C2 = 0. For x5 > 2x; and for
{1‘2 < 2x1,x1 > %} there exists no equilibrium with asymmetric partial mar-
ket coverage. Hence if k € [max {kigp, kiiap}, min {kojap, k2op, k1iap, k24p}] and
under conditions =; and =;; there exists an equilibrium with asymmetric partial
market coverage. Analyzing further and ordering the thresholds we also find
that k‘iigp < kllp = max {k)lgp, kii4p} < min {k2i4p, k‘zop, k1i4p, k'24p} = k‘2p < klgp
so that not only the three equilibria never overlap but also they jointly cover
the whole range of parameters m

In this case we have that prices are increasing in the reference price and in
the instant utility parameter.

Proposition 9 Within the local monopolists scenario p; € [p; + q;" — qj + x1 — X2,
'+ qi +x1—xo—pjl+2(k+p) withi,j = 1,2 and j # i the symmetric
Nash Equilibrium in the price stage is'?

im _ k+prtq”

i - (59)

20,
12Second order conditions always satisfied indeed, gTZ_L =-4<0.
k2
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Proof. For firm 1 the problem will be characterized by,

2
max 71 = py (23 — 21) — %1 (59)

With 71 defined for ¢1 + qo + 21 — @2 —po +2(k+p,) <p1 < k+aq +pr .
Therefore the market structure conditions are given by

pr—k—q—-—p-—x1 < 0 (C1)
@tqtrr—z2—p2+2(k+p)-—p1 < 0 (C2)
Maximizing with respect to prices the first order condition is given by,
2k —4p1 + 2p, + 21 =0

while the second order condition by,

—4<0
Solving with respect to p1, at the optimum we have,
«_ Qi tk+pr
pp= DI (60)

]

Again, it can be noticed that both the instant utility parameter and the
reference price have a positive effect on the price level.

pi+¢" — g+ — a2,

" +qj+x1—x2—pj +2(k+pr)
compete for the marginal consumer. There are consumers in the centre of the
market that are better off by not buying any of the drugs. Hence, firms behave
like local monopolists. If pI* does not fall in that interval, then the local mo-
nopolist equilibrium does not exist, and the only price game Nash equilibrium
is the one under the competitive scenario.

For p; € firm 1 and firm 2 do not

B.2 First Stage: the Quality Game

Plugging the above found NE prices for each scenario into the relative range of
the firms’ profit functions, and maximizing with respect to qualities, we obtain
the optimal quality levels for the given prices. Substituting back these optimal
qualities in the Nash Equilibrium prices, we are then able to fully characterize
the subgame perfect NE of the two-stage quality-then-price game.

Proposition 10 Under the competitive scenario, if k € [kiiop, k11p] and for
w1 > % the market is partially covered, and the subgame perfect Nash equilibrium
prices and qualities are'®

512k + 2p, + z2 — 7]

*
q; 73 (61)
. B[Rkt m )
p’L 73
13 BEquilibrium valid for 1 > %2 and second order conditions always satisfied as 6;;21' =

_ 358
1225 <0
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fori=1,2. Still, under the competitive scenario, if
k € [max {kigp, Kiiap} , min {kaiap, k2op, k1iap, kaap }]

and under condition Z; or Z;; the market is partially covered but fully covered
in the left extreme of the preferences line, and the subgame Nash equilibrium
prices and qualities are described by the corner solution

583 41 501

oo 299 —x9— — (p, + k 62
Q 326551-1-326362 326 (pr + k) (62)
L SO - A L)

© = yg9™ " 189" T 163 V"

Lo BT 4 175

Pro= 396" T 16372 7 326 T

. 283 1009 525

Py = oy, I 22 1k

489 978 "t " 163

Finally, for k € [kap, ksp| and under condition ® the market is (endogenously)
fully covered and the SPNE is characterized by,

N 5 2 1

@ = 3N + 3273~ (pr + k) (63)
. 5 2

@2 = 271{5*177“*5152*5151

_—_— 2(.731—|—.732)—1
p]. - 3

" 3—2<$1+.’E2)
b= Ty

Proof. Under a competitive scenario, i.e., for ps+ g1 — g+ 1 — 22 < p1 <
@t @t+z—z2—pr+2(k+p) and prt+g—qta -2 < pp <
g2 +q + 1 — 22 —p1+ 2 (k + pr) firms maximization problem characterized by,

e
maxm = p1(z—21)— L
P1 2
2

max Ty = pa(z4—2)— 2
P2 2

Maximizing profits with respect to prices the first order conditions are given by,

1 T1—x2  3q1—q2

Zpy — 3 — r+k = 0
2p2 P1 5 + ) + pr +

1 T1— T2  3¢2—q1

Zp1 — 3py — +k =0
2p1 D2 5 + 5 +pr +

And the second order conditions always satisfied and given by,

827{'1'
op?

=-3<0 fori=1,2
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Solving the first order conditions the equilibrium in prices is given by,

* 2(pr +k)+azo—a1 | 17¢2 —3qn
P = 64
* 2(pr+k)+azo—x1  17q1 — 3go
rpx
b2 = 5 T

Plugging this expressions in the profit functions we obtain firms’ objective func-
tions in the quality stage,

2
* >k * q
H}Z?Xﬂl(pppz;%v%;-") = p1(2(~)—21(-))—51
2(pr + k — 172 — 3
ot pp = 2t )5“62 2y QQ35 @,
2(p, + k — 17q1 — 3
Py = (pr & )5+:c2 2y q135 q27 2120, z4<1
@
H}gxm(pipé;ql,qm-~-) = p3(24(-)*2(-))*5
. 2(pr +k)+ax2—a1 | 17¢2 — 3qu
st. p; = ( )5 + 35
. 2(pr +k)+x2—7 17q1 =3
Py = (P )5 2 1+ Q135 qz7 0 >0 m<l
Writing the Lagrangian functions
Ly = mi(pl,p3q1,q2;...) = A(=21) — V(24 — 1)
Ly = ma(pl,p3:q1,q2;--) = A(—21) = ¥ (24 — 1)

where A and ¥ stand for the Lagrangian multipliers of the constraints z; > 0 and
z4 < 1 respectively. Note that even though z; only depends on firm’s 1 pricing
strategy and z, only on firm 2 pricing strategy, since p; and po are functions
of both ¢; and gothe constraints z; > 0 and z4 < 1 need to be imposed on both
firms’ optimization problems. Maximizing L; w.r.t. A\, W, q1,¢o the optimum
must satisfy the following conditions,

oL,

o0 = O (65)
g—sj = 0 (66)
% > 0 (67)
% > 0 (68)

We will, then, have four possible cases: Case 1: A > 0, ¥ > 0 Case 2: A =¥ = 0,
Case3: A=0,¥ > 0and Case4: A > 0, ¥ = 0. It is easy to show that case 3 and
case 4 will not hold simultaneously. Indeed these cases arise due to asymmetric
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locations and their existence depends on the nature of the asymmetry between
firms’ locations, i.e., on whether z1 +x2 < 1. Without loss of generality, we will
assume that if firms are asymmetrically located (z1 + 2 # 1) it will be the case
that x; + x2 < 1. Therefore, there exists no equilibrium for which A =0, ¥ > 0
i.e. in Case 3. Solving the cases,

Case 1 Full Market Coverage Solving the system (49), (50), (51) and
(52) for A, ¥, ¢; and g2 we obtain,

2
* — e = _ - ]C
' 3561-1—3332 3 (pr + k)
5 2
4 = Q—k—pr—gﬂh—gﬂﬁ
5 17z — 58xy 13
A= -(k+p)+———m — —
g (ktp) =5 105
5 1721 — 58z2 326
v = —(k+p)——— — —
g (ktpr) 15 315
Plugging into (48) the equilibrium in prices are given by,
_—_— 2 (:I?l + ;I}g) -1
pl - 3
N 3—2 (.%'1 + LL'Q)
Py = - 3

For second order conditions satisfied, the above expressions constitute a maxi-
mum if and only if ¥ > 0 and A > 0. Therefore, equilibrium will hold for the
following conditions

5 1725 — 58z, 13
3 (bt pr)+ — ~ 105 0
5 172, — 582y 326
g(k+pr)—4—5—ﬁ > 0

Writing with respect to k,
13 17.732 — 58.’E1

k —_— =D
175 75 b
326  17x7 — 58x9
k —t—— D
” 5% 75 b
Additionally we need to write down the conditions for which

g > 0
pi > 0

for ¢ = 1,2. Writing the first two conditions with respect to k, the following
inequalities must be satisfied,

2x9 + b2, 1
k<22 g o
3 br—3

2
k<2_5$2_-§931_pT
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On what concerns the conditions on prices,

pT > 0 x1+x9 >

W N —

py > 0& x1+30 <

Therefore since the second condition is always true for ;1 + z9 < 1 we simply
need to impose that z; + zo > % Define k3, the instant utility parameter that
solves gf = 0, kg, the instant utility parameter that solves g5 = 0, k1) the
instant utility parameter that solves A = 0 and ks, the instant utility parameter
that solves ¥ = 0. The equilibrium described above exists for

k< min{kgp,k4p}
k> max{kip, kop}

With,

L 138 17wy —58n
» = 175 75 pr
L _ 326 17w —58m
T 55 75 pr

2x9 + b1 1
ksp = T—Pr—g

52y + 2

k4p = 2‘%‘%

Since we need to order these thresholds in order to define the range for which
the equilibrium holds we need to compute the difference between them,

41

]{i1p—]€2p = —7—5 (1—.%‘1—.%‘2)
7
]{i3p—]€4p = —5(1—&}1—1’2)

for 1 > x1 + x2, k1p < kop and k3, < kgp. Therefore, an equilibrium then exists
for k € [kop, ksp]. For [kap, k3p] non-empty we need to have that kop < ksp.
Computing the difference ks, — k3, we find that,

36 167
k — = —— —_—
2p — K3p 5 (1 +22) + 175
kop < ksp is true for
x1 + 29 > 0.66

Finally, since we are in a competitive scenario we still need to check that the
equilibria found does satisfy the (market structure) conditions for which firms’
profit functions are defined, i.e.,'
Pt —get+ri—22 < p1<q+gt+r—z2—p2+2(k+ps) (69)
Pt@—qgt+zi—r2 < pp<@tqat+z—z2-—p1+2(k+p) (70)

14 As these conditions apply to all cases defined under a competitive scenario we will through-
out the analysis make reference to them.

35



These conditions can be written as,

PL—qi—q—21+xa+p—2(k+p) < 0 (C1)
Pt —q@t+ri—x2—p1 < 0 (C2)
P2—@—q—v1+z2+p—2(k+p) < 0 (C3)
Pt —qgt+zri—32—p2 < 0 (C4)

Note that C1 = C3. Plugging in the expressions that characterize the equilib-
rium, we have that, (C1), (C2), (C3) and (C4) hold for,

11
xr1 € 1'2—5,5

Let ® be a set of constraints defined as

oo melrn—t1
T + x2 > 0.66

we can conclude that an equilibrium with full market coverage exists for z; €
[.%‘2 — %7 %], z1 + 22 > 0.66 and k € [kgp,k‘;gp].

Case 2 Symmetric Partial Market CoverageProceeding in an anal-
ogous way as in the previous case we have that equilibrium in this case is
characterized by

. 51 [2k + 2p, + 29 — 9]
— 71
i 3 (71)
. 352k + 2p, + @2 — x1]
b = 73

We have that as, by definition, 29 > 1, ¢¢ > 0 and p; > 0 for i = 1,2.
Moreover, we have that

0Ly
ﬁ > 0:>k’<k'11p
0Lo
6_\:[/ > 0:>k’<k'12p

With k11, the instant utility parameter that solves %} = 0 and k;2p the instant
utility parameter that solves ¥ = 0. Therefore a maximum exists for

k < min {k‘up, k‘lgp}

As it turns out that,

ke
105

a maximum exists as long as k < ki1,. Checking the market structure conditions
we have that a competitive market structure holds for

kiip — ki2p = — (1—z1—m3) <0

k> kiszp
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With k;;2, the instant utility parameter that solves C4 = 0. Therefore, an
equilibrium exists for

k € [kiiop, k11p)

and [kjiop, k11p] is non empty for z; > 2. Therefore an equilibrium with sym-
metric partial market coverage exists for k € [k“-gp, knp] and x1 > "”—52

Case 3 Asymmetric Partial Market Coverage. Proceeding in an anal-
ogous way as in the previous case we have that equilibrium in this qualities is
characterized by,

L 0% —d03e 20 362
= 189 189 ' 163 T
oo G065 S50L gy 088 4L
= 336 326 7 32672 1637
A = 0
M5 3609 338 2993
~ O Pr) T 5034™ 7 Ta67™ T 2934

And the equilibrium in prices,

oo 1009 RS A8 k)
PLo= 97827 489" T 978 T 326 \Pr

s 30 I g BT, A
P2 = 396~ 326 \Pr 32672 163"

The conditions that need to be verified are,

qf > 0:>k‘>k14p
q; > 0:>]€<k15p
pi > 0=k > kg
p; > 0:>k’<k'17p
% > 0:>]€>k13p
v > 0:>k‘<k18p

Where ki3p, k14p, K15p, k16p, k17p and kig, the reservation prices that solve, re-
spectively, A =0, ¢f =0, ¢ = 0, p; =0, p5 = 0 and ¥ = 0. Therefore, a
maximum exists for,

k € [max {k13p, k14p, k16p } , min {kisp, k17p, k1sp}]
By computing the differences between the thresholds

{k13p, k14p, k16p }

and
{k1sp, k17p, k1sp
we find that,
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max {ki3p, Kiap, K16p} = kizp
min {k15p, k17p, K1gp} = Kisp

An equilibrium exists for k € [k13p, k1sp]. Checking that [k13,, k1sp] is non empty
by computing the difference between k13, and kig, we find that

ki3p — kigp >0

Therefore the condition for [k13,, k1sp] non empty, i.e. kig, > k13, is not verified
and consequently there exists no equilibrium with asymmetric partial market
coverage for which all consumers on the neighborhood of firm 2 buy a drug.

Case 4 Asymmetric Partial Market Coverage. Finally, again proceed-
ing in an analogous way as in the previous cases, we have that the SPNE, in
this case is characterized by,

G = st aar oo (5 ) (72)
. 403 683 362
4 = 4—895102—@9614-ﬁ(pr+k)
. 257 41 175
1= 3t + T63%2 " 336 (pr + k)
. 283 1009 525
Py = @$2*ﬁ$1+ﬁ(pr+k)
And is valid for,
qf > 0=k< k‘gop
q; > 0=k> kglp
pT > 0=k< k22p
ps > 0=k > kosp
A > 0=Ek> kg
% > 0=k < ko

With 19y, k20p, k21p, k22p, k23p and kasp the instant utility parameter thresholds
that solve, respectively, A =0, ¢f =0, ¢5 =0, p] = 0, p5 = 0 and % = 0.
Therefore, a maximum exists for

k € [max {kigp, k21p, kazp} , min {kaop, kaop, k2ap }]
Computing the differences between the thresholds
{Kk10p; k21p, k2sp} and {kaop, ka2p, k2ap }

we find that,
max {kigp, k21p, k23p} = kigp
. k for x1 + 22 < 0.66
min {kQOpv k22p7 k24p} = { kzzz for 1’1 + $z >~ 0.66
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An equilibrium exists for k € [k19,, min {kaop, k24, }]. Checking that

[K19p, min {kaop, k24p }]
is non empty we find that,

k’lgp—kgop < 0
k‘lgp—k‘24p < 0

Finally we need to check that the market structure conditions are satisfied.
By computing the differences between the thresholds kigp, koop, k2ap, K2iap,
kiiap and ky;4p we can further state that for z; + 2 < 0.66 an equilibrium with
asymmetric partial market coverage exists if the set of constraints =; is satisfied,
with Z;; defined by

ke [klgp, k‘2i4p} for x5 € [2:131, 3.’E1]
- _ ke [kii4p7 onp] for zo9 > rnax{?:vl, 3561}
- ke [klgp, k1i4p] for x5 € [1391’1, 2.’131]

ke [k‘19p, k‘gop] for x5 < min {2.’1?1, 1.391’1}

For x1 4+ o > 0.66 an equilibrium with asymmetric partial market coverage
exists if the set of constraints Z;; is satisfied, with Z;; defined by

—ii —

- _ k€ [k‘lgp,kgiz;p] for x5 < min {2.731, %}, r1 <
ke [k‘lgp,k‘24p] for zo € [%, 2.’1?1} s r <

N[0

Where kjap, k2iap and kijap stand for the reservation prices that solve, re-
spectively, C1 = C3 = 0,04 = 0 and C2 = 0. For zo > 2x; and for
{:EQ < 2x1,21 > %} there exists no equilibrium with asymmetric partial mar-
ket coverage. Hence if

k € [max {kigp, kiiap } , min {kaiap, k20p, k1iap, k2ap }]

and under conditions =; and Z;; there exists an equilibrium with asymmetric
partial market coverage. Analyzing further and ordering the thresholds we also
find that

Kiiop < k11p = max {kigp, kiiap} < min {kaiap, kaop, k1iap, koapt = kop < k3p

so that not only the three equilibria never overlap but also they jointly cover
the whole range of parameters m

For low reservation prices the market will be served by two local monopolies
and the SPNE will depend on the state of art of quality, i.e. Q.

Proposition 11 For sufficiently low reservation prices the market is served by
two local monopolists. For k < 2x1 — k — p, the market is symmetrically partly
covered and the SPNE is characterized by,

qa = ¢=Q
y « k+Q+p,
P = pPo=—pb—

2
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For _ —_
ke [2$1_Q_pr72_2x2_Q_pr]

the market is asymmetrically partly covered and the SPNE is given by,

¢ = 2z1—k—p,
s = Q
pi = w1
. k+Q+p,
Bnos g

Finally, for k > 2 —2x5 — Q — p, the market is symmetrically partly covered but
just consumers located on the centre of the market do not buy any of the drugs.
The SPNE is given by,

G = 21 —k—p,

b = 2—2z9—k—p,
pi = T

py = 1—uxo

Proof. For firm 1 the problem will be characterized by,

2
max 71 = py (23 — 21) — %1 (73)

With 7y defined for g1 + g + 21 — 22 —po + 2(k+p,.) < p1 < k+q +pr .
Therefore the market structure conditions are given by

p—k—qg—p—z1 < 0 (C1)
G+@trr—x—p+2k+p)—p <

Maximizing with respect to prices the first order condition is given by,
2k —4p1 4+ 2p- +2q1 =0
while the second order condition by,
—4 <0

Solving with respect to p1, at the optimum we have,

« @ t+k+pr
p1=1f (74)

On the quality stage, firm one problem will be characterized by,

max Ly =m —A(—21) — ¥ (24 — 1) (75)

q1
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Plugging (74) on (75) and maximizing w.r.t. quality — ¢; — the first order
conditions is given by,
Therefore, we will have two cases depending on the value of A. For A = 0 the

first order condition is always positive therefore the SPNE will be given by the
following corner solution,

g = Q
. k+p-+Q
Py = —

2
and holds as a maximum for k < 221 — Q — p, . Indeed,

0L —
it 2 — O —
B\ >0= k<21 —Q—p,

Otherwise for A > 0 the SPNE is given by,
G = 2z -k
pi = w1
and holds as a maximum for,
/\>0:>k>2$1—§—pr

Analogously for firm 2, we have that for k < 2 — 2z, — Q — p, the SPNE is given
by,

= Q
. k+p-+Q
Py = ——

2
Otherwise, for k > 2 — 2z9 — Q — p, it is given by
@G = 2—2z9—k
p§ = 1l—a9
It is now useful to combine the two firms’ SPNE and order them according to
k. Notice that, also here, given that x; + 22 < 1 we can never have the case

for which z; > 0 is slack and z4 < 1 binds (cise analogous to case 3 _in the
competitive scenario). Indeed, k > 2 — 225 — Q — p, and k < 227 — Q — p,

cannot hold simultaneously. Therefore, we have that for £ < 2z, — Q — p,

=Q (76)
_ E+p.+Q
B 2

Market structure conditions are always satisfied. For

ke 201 —Q—pr2—2xs—Q—py]

N %

9 = (4

P = D3
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we have that,

@G = 2x1—k—p, (77)
G = Q

pi = o

. k+p+Q

o= Ty

Market structure conditions are satisfied for,
k < 2x9 —4xq —@—p,«

Which is compatible with & € [2331 —Q —pr,2—210—Q — pr] as long as x1 <
%2 Finally, for k£ > 2 — 2z, — Q@ — p, we have that,

@ = 2z1—k—p, (78)
@G = 2—2x0—k—p,

pp = ™

py = 1—x9

While the market structure conditions satisfied for,

$1§$2—§

| |
For k € [kiigp, kllp] , the level of market coverage under a competitive market
with partial coverage is given by
105

Mpp = =5 2(k+p;) + a2 —21] (79)

Comparing the firms pricing strategies we have,

At = ¢ —q¢ =0 (80)
Ap* = pi—p5=0

Drugs are sold at the same price and have the same quality.

One can see that under a competitive market with partial coverage prices
and qualities are increasing in the reference price and in the instant utility para-
meter. However, under a competitive scenario with full market coverage, quality
is decreasing with the reservation and reference price while prices depend nei-
ther on reservation nor on the reference price. In a sense, in terms of utility
and therefore demand, quality has the same impact as both the reference and
reservation prices. Once the market is fully covered, an increase in the refer-
ence price and/or reservation prices does not further increase demand (as the
market is already fully covered). It nevertheless allows the firm to (profitably)
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decrease the quality of the drug supplied, extracting (the extra) surplus from
the consumers.
For k € [ki1p, kop) the market coverage is given by the following expression,

203 119 525
MPe =22 222k 1 81
rP = 16372 " 3367 T 396 (F ) < (81)

Consumers on the left side of the market all consume a drug (drug 1) while on
the right hand side of the market there are consumers that do not buy any of
the drugs. This result arises from the nature of the location asymmetry between
firms. Indeed, with x; + 22 < 1 firm 2 has a locational advantage relatively to
firm 1, conferring her higher market power and therefore allowing higher drug
2 prices (relatively to firm 1).

Comparing drugs’ prices and quality,

_ 3115 280 1225

At = ¢ —q; = 978 %1~ 1592~ 395 (k +pr) (82)
" . " 890 160 350
Ap* = p1—p2:@$1—@$2—1—%(7€+m)

Still on a competitive market structure for k € [ko, k3] the market is fully covered
(M¥p =1). Comparing drugs’ prices and qualities

* * * 7

At = g = §($1 +x2—1) (83)
* * * 4

Ap* = P1—P2=§($1+$2—1)

When the market is fully covered, for a competitive market structure, firms’
equilibrium strategies might differ. While under a co-payment reimbursement
these differences are functions of both locations and reimbursement rate, under
reference pricing they are a function of locations only. Only when firms are
located symmetrically, 1 + z9 = 1, are drugs prices and qualities the same
in equilibrium. However, this no longer holds for asymmetric locations. In
particular, if ; + 22 > 1 (< 1) drug 1 has higher (lower) quality but also
higher (lower) price than drug 2. The reason is quite intuitive. For asymmetric
locations one of the firms serves a larger neighborhood and, therefore, has a
privileged position that allows it to sell its drug at higher price and quality.

Concerning local monopolies, by definition of this market structure, the mar-
ket is always partly covered, as, at least, consumers located in between the two
firms do not buy any of the drugs. Nevertheless, the market coverage increases
with the instant utility parameter.

For k < 2z; — k — p, market coverage is given by

M™ =2k +2Q + 2p, < 1

Quality and price gaps are given by,
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At = ¢ —¢ =0 (84)
Ap® = pi—p;=0

For low reservation prices firms pricing and quality strategies are the same.
Indeed, for such low reservation prices even with asymmetric locations the sub
market faced by each firm has the same structure in the sense that their distance
to the ends of the market is sufficiently big to both firms in order to restrain
them from choosing qualities and prices that would allow all consumers located
at the ends of the market to consume.

For k € [2961 —Q —pr,2—2w5—Q — pr] market coverage is given by

M'™ =2z, +k+Q+p, <1

with consumers located towards the right hand side of the market not buying

any of the drugs. In this case the relative locations of both firms allow firm

1 to profitably set prices and qualities that allow it to capture all the demand

located at the left end of the market, while the same does not happen to firm 2.
The quality and price gaps are then given by,

ATt = ¢t—¢=—k—p+22,-Q<0 (85)
Ap® = pi-pp=a1———— <0

Drug 1 is sold at a lower price, but also lower quality with respect to drug 2.
Finally, for &k > 2 — 225 — k — p, market coverage is given by

M =221 — 229 + 2

In this case, the only consumers that opted out from the market are (some
of the) consumers located between the two firms while all the others, including
the individuals located towards the ends of the market, always buy one of the
drugs.

In this case the quality and price gaps are given by,

A = ¢ —¢h=2x1+215—2<0 (86)
Ap* = p;—p§:$1+$2—1<0

Also here, for the locational advantage of firm 2 mentioned before, firm 1 will
price at a lower level and supply less quality than firm 2.

C Exogenous Full Market Coverage

In this section we study a special case where demand is inelastic, in that con-
sumers’ instant utility parameter is so high that they are always willing to buy
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some of the drugs. This scenario corresponds to medical conditions in which
consumers obtain very high health benefits from taking a drug, or in which
patients suffer very hard health consequences when deprived from any drug
consumption.

Investigating this scenario emphasizes the role of competition between the
two firms and underlines the effects of reimbursement policies on firms’ strate-
gies. In the following, we first describe the case of co-payment reimbursement,
and then the one of reference pricing.

C.1 Co-payment System

The general model adopted above will be just specified by imposing exogenous
full market coverage:

5 = 0 (87)

zZ4 =

This implies the following demands,

Dy
Dy, = 1-%

wl
—~
Q0
0
=z

which do not depend on the instant utility parameter level k, with

(1—a)(p2—p1)+(T1+22) + @1 — g2
2

7z =

The impact of the reimbursement rate o on firms’ demand depends, quali-
tatively and quantitatively, on firms pricing strategies
oD;  pi—pj
— =—=  q,j=1,2and i #j.
(oo’ 2 J 7
As, by the full market coverage assumption, all individuals buy one unit of
the differentiated product, the reimbursement rate only affects the allocation of
consumers between drugs.
Concerning the impact of pricing strategies on firms’ demand, from

b, - (1-a) i=1,2

(’)pi 2

8Dl o (1—0[) .o . .
o 5 i,j=1,2,i# j,

it can be seen that a firm demand is a decreasing function of its own price and

increasing in the competitor price. The size of these effects is softened by a.
As, for k sufficiently high, all consumers buy a drug from one of the two

firms, from (88), firms profit functions with the co-payment reimbursement are
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_ (1—0a)(p2 —p1)+(T1+22) + @1 — g2 q
woe 2 2
_ 2—(1—a)(p2—p1) = (v1+22) —q1 + @2 5
"ok 2 )

(89)

Again, firms maximize their profits in a two-stage game, by first deciding
quality strategies and then prices. The equilibrium is summarized the following
Proposition.

Proposition 12 Under a co-payment reimbursement system the subgame per-
fect Nash Equilibrium prices and qualities are'®

6a—4—3(x1+x2) (1 —a)

pro= (=) Oa—17) (%0)
« _ 12a—-1043(z1 +22) (1 — )

P2 1—a)(9a—7)

« 60[—4—3(CL'1+ZL'2)(1—OZ>

a 3(1—a)(9a—7)

G = 120 = 104+ 3 (z1 + z2) (1 — )

3(1—a)(9a—1T)

Proof. Under exogenous full market coverage z; = 0 and z4 = 1. Therefore
firms profits are given by,

o= pEe g (91)
2
q

Ty = pzz—?2

Under co-payment, in the last stage, maximizing profits with respect to prices,
the first order conditions are given by,

omy p2(1,a) 1+ X2+ q1 — Qo
m 2 pr(l—a)+ 2

Oma p1(l—a) T1+ T2 +q1 — g2
s +== p2(1—a) 5

The second order conditions given by,

3271'1 0271'2
5 = 5 =a—1
opy Op;

15Second order conditions in the price stage satisfied for o € [0, 1] and in the quality stage
for o < 8
9
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are always satisfied. Plugging these equilibrium prices on the profit function
and maximizing with respect to qualities, in the first stage the equilibrium in
qualities is characterized by the following first order conditions,

% B 2—8q1—q2+x1+x2+9q1a_0
Oq 9(1 — )
Omy 4*(11*8612*$1*1’2+9Q204_0
QQQ 9(1—0[)

Second order conditions satisfied for,

0% 0%my 9or — 8

o 93 9(1-a)

which are satisfied for a < %. Consequently the SPNE is given by,

. 6a—4—3(x1+x2) (1 —a)
Dy (1—a)(9a—7) (92)
« _ 12a—-1043(z1 +22) (1 — )
Pz = 1-a)(9a—7)
« 60[—4—3(CL'1+ZL'2)(1—OZ>
@ = 3(1—a)(9a—7)
G = 120 = 104+ 3 (z1 + z2) (1 — )
g =

3(1—a)(9a—1T)

]

It follows immediately that the reimbursement rate « has a positive effect
on equilibrium prices and quality. Indeed, proceeding with comparative statics
analysis we have that,

% _ 643 (z1 4+ x2) — (16 — 18a) (6cx — 4 — 3 (z1 + x2) (1 — )
da (1) 9a— 1)

9q1 _ 6+ 3 (21 + x2) — (16 — 18ar) (6 — 4 — 3 (z1 + w2) (1 — @)
da B(1—a)(9a—7)7

Op2 _ 12— 3 (21 +z2) — (16 — 18a) (12 — 10 + 3 (w1 + z2) (1 — @)
Oa (1~ ) (90— 7)

9g; _ 123 (w1 +a5) — (16 — 18a) (120 — 10+ 3 (2 + 73) (1 — a))
O B(1—a) (9a— 1)

Since ¢;” > 0 and p; > 0 require that 6 — 4 — 3 (21 + 22) (1 —a) < 0 and
120 =10+ 3(z1+22) 1 — ) < O and since by SOCs 16 — 18« > 0 then it
immediately follows that ap i >0, % 5= >0 fori=1,2.

Equilibrium price and quahty differences are functlons of both locations and
reimbursement rate «, indeed,
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6(1—$1—$2)

Apc = Pf—pﬁzw (93)
N . 21—z —2
Age = @1 —¢ = ((9ai7) 2

Moreover the drug supplied by drug 1 will be sold at a lower price and lower
quality, i.e., Apc < 0 and Age < 0.6 This result arises from the nature of the
asymmetry on locations that we have assumed, i.e., 1 > x1 + x5.

Reference Pricing We now describe the model with exogenous full mar-
ket coverage under a reference pricing policy. Demands are given by D = Z

and Dy = 1 -z, with 7 = P2=pit@tre)ta —e

From these demands, firms’ profit functions follow:

_ _ 2
o= p (2P @ tz)ta—e) 4 (94)
2 2
_ p2 — D1+ (z1+22) +¢1 — g2 @
T2 = D2 1-— B) 7?

A crucial aspect to be noticed is that, under reference pricing, the demand
functions are affected neither by the instant utility parameter k& nor by the
reference price p,.. Therefore, firms’ strategies will be independent from both of
these variables.

This result is clearly due to the joint outcome of two hypotheses in force.
First, by assuming that the market is fully covered, reference pricing can not
have any impact on consumers’ choice on whether to buy, or not, some of the
differentiated products. Secondly, as the reference pricing is a lump sum reim-
bursement, it can not affect the distribution of consumers between firms.

Furthermore, firm’s demand depends positively on the competitor price and
decreases in its own price.

Proposition 13 Under the reference pricing system the subgame perfect Nash

16Note that for ¢; > 0 and p; > 0 for ¢ = 1,2 the numerators of the equilibrium prices
and qualities in (90) can not be simultaneously (i.e. for both firms) positive. Therefore,
for negative numerators, the denominators must be negative for strictly positive equilibrium
qualities and prices, implying that a < %. Consequently, for 1 > z1 + z2, Apc < 0 and
Agc <0
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Equilibrium prices and qualities is'"

3(.%'1 +.’E2)+4

P = - (95)
% _ 3 (acl + .’Eg) + 4

ql - 21
N 10 — 3 (21 + z2)

o=
« 10 -3 (.731 + 5132)

@ = T

Proof. Under exogenous full market coverage z; = 0 and z4 = 1. Therefore
firms profits are given by,

q2
T = plz—% (96)
T2 = 1022—ﬁ

2

Under reference pricing the first order conditions in prices are given by,

p) _
om _ P2 1+$1+$2+Q1 2 _,
dp1 2 2
or T1+ a2 +q1 —
2 _ 1—1—&—1?2— 1 2T TR

a2 2 2

While the second order conditions for a global maximum are always satisfied
and given by , 5
A2 1o
1 Ip3
Plugging these equilibrium prices on the profit function and maximizing with
respect to qualities, in the first stage the equilibrium in qualities is characterized
by the following first order conditions

% _ 2*8Q1*Q2+$1+$270
8Q1 9
% _ 4*Q1*8QQ*$1*$270
8QQ 9

While the second order conditions for a global maximum are always satisfied
and given by,
0? 0? 8
L
opt Ip3 9

17Second order conditions always verified
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Consequently the SPNE is given by,
« 3 (CL’l + ZL’Q) + 4

P = 7 (97)
_—_— 3(1‘1 +$2) +4
" 10—3($1 +.’E2)

P = /7
" 10—3(1‘1 +£L'2)

o= T

]
It can be seen that, under reference pricing, price and quality differences
depend only on firms’ locations.

« " 6($1+$271)

Aprp = pi—p3= - (98)
" ., O6(x1+z2—-1
Agrp = ¢4 — ¢ = fmtm 1) 212 )

Once again, for z; + 3 > 1 (< 1) drug 1 (2) is sold at a higher (lower)
price and at a higher (lower) quality than drug 2 (1). When the instant utility
parameter is high enough, consumers will always buy the differentiated product.
This sort of demand rigidity softens competitive pressure on firms, which no
longer need to compete for consumers at the edges of the market.

While, with partial market coverage, the reference price has an impact on
both demand and profits by reinforcing the effect of the instant utility parame-
ter, in the fully covered market case, the effect of the instant utility parameter
is so overwhelming that the reference price has no marginal effect.

In other words, in the former case, for a given k, the level of p, can affect
profits by increasing demand. Conversely, in the latter case, demand is already
at its maximum, so that p, has no influence on it. In fact, equilibrium prices
and qualities do not depend on its level.

On the other hand, the co-payment rate o has an impact on competition
between firms for consumers located towards the centre, namely for the marginal
consumer z.

It is easy to see that, in this case, reference pricing is nested in the co-
payment system. Indeed, we have that whenever o — 0, p¢ — pEF: in other
words, the reference pricing system is equivalent, in terms of prices and qualities,
to a system where there is no reimbursement. The only role of reference pricing
is acting as "reimbursement ceiling" for the third party payer. Therefore,
contrary to co-payment rate «, reference price can not be used as a regulatory
instrument for the determination of prices, qualities or for market coverage.

Finally, by comparing the price and quality gaps across firms, we observe that
the relation between price and quality gaps under the two different reimburse-
ment systems depends not only on firms locations but also on the reimbursement
variable a.
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S54a (1 + 29 — 1)

Apc — Aprp = 790 =7
18a(x1 +x2—1
Agc — Agqrp = 7((;@ — 27) )

Interestingly, the difference in the gaps between the two reimbursement systems
is not the same for prices and qualities level, Apc — Aprp > Age — Aqrp.

D Reference Pricing vs Co-payment: the case
of symmetric locations

We will now compare prices, qualities and market coverage of the two reim-
bursement systems, for all the above described scenarios assuming symmetric
locations, i.e., ©1 + z2 = 1'®. In order to proceed with the comparisons, under
endogenous market coverage, we need to order the equilibria for all values of
the instant utility from treatment k.

D.1 Competitive Market Structure

Since the sub-game perfect Nash equilibrium under a co-payment depends on
the level of the co-payment rate the comparison analysis will be done for both
cases separately. Therefore, for @ € [0,0.16] comparing the two reimbursement
systems leads to the results described in the following proposition.

Proposition 14 A co-payment system leads to higher prices and quality level
than a reference pricing system and at least the same, if not higher, market
coverage. More precisely, for low and medium reference prices, market coverage
15 equal under the two reimbursement systems for high preferences parameter
and is higher under co-payment for low preferences parameter. Instead, for high
reference price levels both systems lead to full market coverage.

Note that under these parameters’ configurations expenditure in pharma-
ceuticals is always higher under co-payment but also quality is. Moreover, for
low preferences parameter, this policy performs better than reference pricing in
terms of access to care.

Instead, for o € [0.16,0.29] the comparisons (in quality, prices and market
coverage) between a co-payment regime and a reference pricing will depend on
the reference pricing level and on the instant utility from treatment .

Proposition 15 For low reference price levels, i.e. p. < pr2, the equilibria
under reference pricing are described by (53) and (71) while under co-payment

18The analysis remains the same as previously stated. Results can be easily derived by
substituiting z2 = 1 — x1 in the results and conditions found above.
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by (35). Therefore, quality and prices are always higher under a co-payment
regime. Concerning market coverage, for p, < pr13 market coverage is higher
under co-payment while for p, € [pr13,pr2] in a reference pricing system there
are more consumers buying a drug'?.

While it is clear that for p, < pr13 expenditure is higher under co-payment
for higher reference prices results are ambiguous. Nevertheless, for p,. < py13,
even though expenditure in pharmaceuticals is higher for the co-payment sys-
tem relatively to a reference pricing system, this policy ensures higher market
coverage and consequently is superior in terms of access to care. These results
are specific to the range of parameters defined in the proposition . Indeed, as
we will show in the following propositions, results are very sensitive to changes
in both reimbursement instruments and preferences parameter. For example,
in proposition 33 for low reference and preferences parameter quality is higher
and pharmaceutical expenditure is clearly lower under co-payment than under
reference pricing (due to lower prices and lower market coverage). Neverthe-
less, note that lower public expenditure, in this case, is achieved through not
only lower prices but also lower market coverage. While the former might be
desirable from a welfare perspective, the latter might jeopardize public policies
targeted at tackling inequalities on access to care.

Additionally, for higher preferences parameter we observe that co-payment
performances in terms of quality is weaken and becomes lower relatively to the
reference pricing policy.

Proposition 16 For medium reference price levels, i.e. p. € [pra,pr7], results
are ambiguous.

For low treatment instant utilities, i.e. k € [Kiizp, k2p], the SPNE under
a co-payment regime is characterized by (19) and under reference pricing by
(71). Under both systems the market is partly covered but the market coverage
is lower under a co-payment. For low treatment instant utilities, i.e. k €
[kiiop, ke],co-payment system leads to higher quality and lower prices than a
reference pricing system. For medium-low instant utility parameter (k) levels,
i.e., k € [ke, kop|results are reversed, i.e., under a co-payment system drugs have
a lower quality and higher prices than under a reference pricing system. For
k € [kap, kec]the SPNE under a co-payment regime is characterized by (19) and
under reference pricing by (53). While under reference pricing the market is
fully covered, under a co-payment policy there are consumers that opt-out from
the market. The relation between prices and quality between the two regimes
is again ambiguous and depends on the instant utility level.

For k € [kop, kg] prices and quality are higher under co-payment. While,
for k € [kq, kec] under a co-payment system drugs are still sold at higher prices
than under reference pricing, but have also lower quality.

Finally, for k € [kec, k3p|the market is fully covered under both regimes, and
the SPNE is characterized by (35) and (53) for the co-payment and reference

19The conditions on the reference price are obtained by subtracting the equilibrium values
of co-payment and reference pricing.
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pricing respectively. For this range of treatment instant utilities, a co-payment
system allows higher quality but also higher prices than a reference pricing
policy. Also here expenditure in pharmaceuticals depends on the reimbursement
instruments and instant utility.

Proposition 17 For medium-high reference price levels, p, € [py7,pr3]*°, the
SPNE will depend on the instant utility.

For low treatment instant utilities, i.e. k € [kiip, k2p] the SPNE under ref-
erence pricing is given by (71) while under co-payment by (19). The market
is partly covered under both policies and the market coverage is higher un-
der reference pricing. Prices are lower and quality higher under a co-payment
regime.

For k € [kap, ko] the market is still fully covered under a reference pricing
system but under a co-payment regime there are consumers not buying a drug.
For low treatment instant utilities, i.e., k € [kgp, k,] quality is higher under a co-
payment system and prices are lower. For medium treatment instant utilities,
ie., k € [kg,kp] prices are still lower under co-payment than under reference
pricing but also quality is. For high treatment instant utilities, i.e., k € [kp, ko]
a co-payment system leads to higher prices and lower quality than a reference
pricing system.

Still for the same range of reference pricing, for k € [ke., k3p] the market
is fully covered under both regimes, and quality and prices are higher under
co-payment.

Proposition 18 For high reference price levels, i.e., p, > py,, both reimburse-
ment systems lead to partial coverage. Under a co-payment system drugs are
sold at higher quality and lower prices than under reference pricing.

Finally, this last proposition clearly describes a scenario where no only co-
payment ensures lower pharmaceutical expenditure and higher quality but also
full access to drugs.

It now follows the proofs of the propositions stated above.

Proof. Given the equilibria defined and ranked in k in sections 6.1 and 6.2 we
can now rank in k the equilibria of both reimbursement regimes. We, therefore,
need to compare the different reservation prices that define the equilibria under
both regimes. Note that given that the equilibrium under co-payment depends
on whether the reimbursement rate « is lower or higher than 0.16, we need to
make the comparisons for both cases, i.e. for a € [0,0.16] and for o € [0.16, 0.29]

e (a) a €10,0.16]

The ranking of the different ks will depend on the level of reference pricing,
pr. Substituting zo = 1 — 21 on the equilibria found on appendix 1 we have that

20The conditions on the reference price are obtained by subtracting the equilibrium values
of co-payment and reference pricing.
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in a scenario with reference pricing, For k € [kiop, kop] the SPNE is given by,

. 512k + 2p, + 1 — 224]
— 99
q; 3 (99)
. 35 [2k + 2p, + 1 — 211]
by = 73

and the market structure conditions are satisfied for, z; > % For k > ko, the
SPNE is given by,

* * 1
¢ = G=oitg- (pr + k) (100)
* _ * 1

and the market structure conditions are satisfied for

c 11

T zz

P12

Under co-payment reimbursement in a competitive market structure the SPNE
is characterized byq

3r1 —3k+1 1
4 =42 3 ) P1=P2= 73 1-a) (101)
This equilibrium exists for k € [kac, k3] and the market structure conditions
are satisfied for

T > —
L7y

In order to proceed with the comparisons of the prices, qualities and market
coverage arising under each reimbursement system we need to define three zones
for which the equilibria under co-payment and under reference pricing exist.
Ordering the reservation prices thresholds we have that, for

Dr < Dr1 = ko < kigp < kop < kzp < kac
Pr € [Dr1,Pr2) = Kiip < kac < kop < k3p < k3
Pr € [pr2,pr3] = Kiip < kap < koo < k3p < kae
Dr > Dr3 = kiip < kop < k3p < kae < ke
With,
73 + 29« 29214
Pri = 510(1—a)  210(1-a)
_ 17«
Prz = 351~ a)
7
prs 35(1—a)
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Therefore for p, < p,1 we have that for k € [kac, kiop] no equilibrium exists
under reference pricing and the equilibria under co-payment is characterized by
full market coverage and given by (101). For k € [kiizp, k2p] under a reference
pricing system the equilibrium is characterized by (99) and the market is partly
covered while in a co-payment the equilibrium is characterized by (101) and the
market is endogenously fully covered. In this area we have that,

C

pi < p? fork>kd
p; > p;P fork<kd
@ < ¢ fork>ke
@ > ¢ fork<ke

Where kd and kc stand for, respectively, the reservation prices that solve p§ —
p;¥ = 0 and ¢f — ¢;” = 0. For p, < py1 it is easy to show that ke < kd.
Therefore k > kd and k > kc can never hold simultaneously. Moreover as these
two equilibria coexist for k € [kiiop, k2p] and given that ke > k2p and kd > k2p,
it must be the case that k < kd and k < kc. Therefore,

i > p’
@ > q°

On what concerns market coverage we have that M¢ > MPr. For k € [kap, k3]
under a reference pricing system the equilibria is characterized by (100) and the
market is (endogenously) fully covered while in a co-payment the equilibria is
characterized by (101) and the market is (endogenously) fully covered. In this
area we have that

“—q" = p>0

¢ —pPr = a >0
Pi i 3(1—a)
ME— MPr = 0

for ¢ = 1,2. Finally for k > k3, there exists no equilibrium under reference
pricing while under co-payment the equilibrium is characterized by (101) and
the market is (endogenously) fully covered. Analogously for p, € [py1, pra]we
have that for k € [kii2p, k2] no equilibrium exists under co-payment and the
equilibria under reference pricing is characterized by partial market coverage and
given by (99). For k € [koc, k2] under a reference pricing system the equilibria
is characterized by (99) and the market is partly covered while in a co-payment
the equilibria is characterized by (101) and the market is endogenously fully
covered. Also here,

p; < pP fork>kd
p; > pP fork<kd
@ < ¢ fork>ke
@ > ¢ fork<ke
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Where kd and kc stand for, respectively, the reservation prices that solve p§ —
p;’ = 0and ¢f — ¢ " = 0. For p, < p,q it is easy to show that kc < kd.
Therefore k > kd and k > kc can never hold simultaneously. Moreover as these
two equilibria coexist for k € [kiiop, k2p] and given that ke > k2p and kd > k2p,
it must be the case that k < kd and k < kc. Therefore,

i > P’

@ > g

On what concerns market coverage we have that M¢ > MP?r. For k € [kap, ks3]
under both reference pricing and co-payment the market is fully covered and
the equilibria are characterized by (101) and (100) respectively. In this area we
have that,

% —q’ = p>0
C _ — L>0
M¢—MPr = 0

Finally for k > ks, there exists no equilibrium under reference pricing while
under co-payment the equilibrium is characterized by (100) and (101) and the
market is (endogenously) fully covered.

For p, € [pra, pr3]we have that for k € [ki;op, k2p] n0 equilibrium exists under
co-payment while under reference pricing the market is partly covered and the
equilibrium is characterized (99). For k € [kap, k2c] no equilibrium exists under
co-payment while under reference pricing the market is (endogenously) fully
covered and the equilibrium is characterized (100). For k € [kq., k3p] under both
reference pricing and co-payment the market is (endogenously) fully covered and
the equilibria is characterized by (100) and (101) respectively. In this area we
have that

4 —q’ = pr>0
i—p = 2 >0
M¢—MPr = 0

Finally for k > ks, there exists no equilibrium under reference pricing while
under co-payment the equilibrium is characterized by (101) and the market is
(endogenously) fully covered. Finally for p, > p,3 there exists no interval in k
for which the equilibrium under reference pricing coexists with an equilibrium
under co-payment.

o (b) o €[0.16,0.29)

Proceeding in the same way as in case (a), under symmetric locations the
asymmetric equilibrium with partial market coverage (39) will no longer exist.
Indeed, recall that this equilibrium existed for k € [k1;4¢, k14c] as with symmetric
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locations k14 = k14c then the interval [k1;4c, k14c] is empty. Therefore we are
left with the equilibria with both symmetric partial and full market coverage for
both reimbursement systems. Under co-payment these equilibria are defined,
respectively by (38) and (35). Plugging z2 = 1 — z; into the expressions that
define the equilibria and the conditions for which they hold and the thresholds
in k that define these conditions we find that kg. = k1. and for k € [0, k1] the
SPNE is characterized by partial market coverage and given by,

51(2k 4+ 1 — 2z1)

. 102
4 73— 175a (102)
. 35(2k+1-2m)

pi = 73 — 175ax

while for k € [ki¢, k3] the SPNE is characterized by full market coverage and
given by,

C3k41
g = okl ;’k+ : (103)

1

p; = p2:m

Both equilibria are valid for z; > %. Analogously, under reference pricing, with
symmetric locations keap = k19p = k1p = kop and for k € [kii2p, k2p] the market
is partly covered and the SPNE is characterized by,

512k + 2p, + 1 — 2a4]

o= 104
g =3 (104)
. 35[2k+2p+1— 2]

While for k € [kap, k3p) the market is fully covered and the SPNE is characterized
by

1
G o= ms (et
.1

In order to proceed with the comparisons of the prices, qualities and market
coverage arising under each reimbursement system we need to define three zones
for which the equilibria under co-payment and under reference pricing exist.
Ordering the reservation prices thresholds we have that, for

Dr < Pr1 = kee < kiiop < kop < k3p < kac
Pr € [pr1,0r2) = Kiip < koo < kap < k3p < kac
Pr € [Dr2,Dr3] = kiip < kop < kee < ksp < k3
Dr > Pra3 = kip < kop < ke < k3p < kac
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With,

73429 2021,
P = 9101 —a) 210(1—a)
_ 17«
Prz = 351 —a)
B 17
Prs = 351 —a)

Therefore for p, < p.1 we have that for k € [0, kg.] no equilibrium exists under
reference pricing and the equilibria under co-payment is characterized by partial
market coverage and given by (102). For k € [ke., k2i;p] 1o equilibrium exists
under reference pricing and the equilibria under co-payment is characterized by
full market coverage and given by (101). For k € [kiizp, k2p] under a reference
pricing system the equilibrium is characterized by (99) and the market is partly
covered while in a co-payment the equilibrium is characterized by (101) and the
market is endogenously fully covered. In this area we have that,

i > p’
@ > g
Indeed computing the differences ¢f — ¢;” and p{ — p;” we find that

pi > pi fork>ky
@ > q fork<ke

Where k. and kq are the reservation prices that solve respectively ¢f —¢;” =0
and p§ — p;” = 0. Comparing k. and k4 we find that

k. > kg for Pr > Pra
ke < kyq for Pr < Pra
Where p,4 stands for the reservation price that solves k. — kg = 0. However,

since pr4 > pr1 and this case is defined by p, < p,1 it can never be that p, > py4.
It, then., follows k. < k4. Therefore we are left with three possibilities

k < ke
k € [kc, kd]
k> kg

However, since k. > ko, we are only left with k¥ < k. and k& < kg Therefore
we can state that p§ < p.” and ¢f > ¢;”. On what concerns market coverage
we have that M¢ > MPr. For k € [kyp, k3p] under a reference pricing system
the equilibria is characterized by (100) and the market is (endogenously) fully
covered while in a co-payment the equilibria is characterized by (101) and the
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market is (endogenously) fully covered. In this area we have that

% —-¢" = pr>0

c P o

bi —P; 3(1—&)
M¢—MPr = 0

for ¢ = 1,2. Finally for k > k3, there exists no equilibrium under reference
pricing while under co-payment the equilibrium is characterized by (101) and
the market is (endogenously) fully covered. Analogously, for p. € [pr1,Dr2)
we have that for k < k2, no equilibrium exists under reference pricing and
the equilibria under co-payment is characterized by partial market coverage and
given by (102). For k € [kjiop, k| under a reference pricing system the equilibria
is characterized by (99) and the market is partly covered while in a co-payment
the equilibria is characterized by (102) and the market partly covered covered.
Also here,

i > p’
@ > qr

The proof is analogous to the previous proofs. On what concerns market cov-
erage calculating the difference between the market coverage under co-payment
and under reference pricing we find that,

M® =M™ >0 if p, < pris(= ag®)

Where p,13 is the reference price p, that solves M — M™ = 0. As for k €
[kiiop, kee] Dris € [pr1,Pre] we can have both cases, i.e. for p, > p,1s the market
coverage is higher under reference pricing and vice versa. For k € [kec, kop)
under a reference pricing system the equilibria is characterized by (99) and the
market is partly covered while in a co-payment the equilibria is characterized
by (101) and the market is endogenously fully covered. We will then have,

i > pf
@ > q°

Indeed, recall that k. > kg if and only if p,. > p,.4. Computing the differences
between pr4 and {p,1,pr2} we find that p.4 € [pr1,pre], therefore we need to
analyze what happens for p, € [py1,pr4] and p, € [pra,pr2]. For p. € [pr1, pra]
we have already seen that k& < k. and k < kg Therefore we can state that
pé < p;¥ and ¢¢ > q;”. For p, € [pr1,pra] as pr > pra then k. > kq. We
will then have three possible cases: {k > k., k > kq} and {k < k., k > kq} and
{k < k¢, k < kq} . Nevertheless, since k. > kg, then for [ke., kop] it must be the
case that k < k.. So we can rule out the case {k > k., k > kq}. Moreover,as
kq > kop we can also rule out the case {k < k., k > kq}. Consequently we are
left with {k < k¢, k < kq} what implies that p§ > p;” and ¢f > ¢.”. On what
concerns market coverage we have that M¢(= 1) > MP?r(< 1). For k € [kap, k3p)
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under both reference pricing and co-payment the market is fully covered and
the equilibria are characterized by (101) and (100) respectively. In this area we
have that,

% —q’ = p>0

(e P @

R il |
pz p’L 3(170[)
Me¢—MPr = 0

Finally for k > ks, there exists no equilibrium under reference pricing while
under co-payment the equilibrium is characterized (101) and the market is (en-
dogenously) fully covered. For p, € [pr2,pr3] we have that for k < k2, no
equilibrium exists under reference pricing and the equilibria under co-payment is
characterized by partial market coverage and given by (102). For k € [kiizp, kop)
under co-payment and reference pricing the market is partly covered and the
SPNE are characterized by, respectively, (102) and (99). In this case we find
that7 for pr € [pr27pr7]

. a >q"
ifk < k ! b
e { pg < p;"p
. a5 <q”
itk > k { ! }
e pf > p:P
Instead for p, € [py7,Dr3)
T
a >q"
i
p§ <pi”

The proof is done in a similar way as the previous. Indeed analyzing the differ-
ences ¢f — q;” and p§ — p;¥ we find that {¢f > ¢;”, p¢ < p;"} if k < ke where
k. stands for the reservation price that solves ¢f — ¢;” = 0 and p§ — p;” = 0.
Since k. > kg for p, > py7 (where p,7 is the p, that solves k. — k2, = 0 and
prr = 22 and p,7 € [pr2,pr3]) we find that for p, € [pr2,pr7] then ke > ki
and consequently as k € [kiop, k2p] we will have two cases the one for which
k < k. implying that ¢f > ¢;” and p§ < p;” and the one for which k > k.
implying that ¢f < ¢;” and p{ > p;’Instead, for p, € [py7,pr3] then ke > kop
and consequently as k € [kijizp, k2p] we must have k < k. implying that ¢f > ¢;”
and p§ < p;”. For k € [kayp, k] under co-payment the market is partly covered
and the SPNE is characterized by (102) while under reference pricing the mar-
ket is (endogenously) fully covered and the equilibrium is characterized (100).
Proceeding in the same way as in the previous cases comparing the prices and
qualities we find that for p, € [p,7, pr3]

q,c>q,rp

fork € |kop, k L 4
[217 g}{ng<p:p

q¢<qu

for k € kg k ! ;
[g h}{p§<p:p

4 < q;”

for k ¢ [khyk’Gc]{ e < PP
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Where k, and kj, are, respectively, the thresholds that solve ¢f — ¢;” = 0 and
pf—p;” = 0 and p,7 is the p, that solves k; —kj, = 0 (and is the same that solves
ke — kop = 0). For k € [kge, k3p] under both reference pricing and co-payment
the market is (endogenously) fully covered and the equilibria is characterized
by (100) and (101) respectively. Comparing quality, prices and market coverage
between the two policies we find that,

“—q” = p>0

C TP @

Pi— P 3(1—a)
M¢—M™ = 0

Finally, for k£ > k3, there exists no equilibrium under reference pricing while
under co-payment the equilibrium is characterized by (101) and the market is
(endogenously) fully covered. Finally for p, > py3 2'for k < ki, no equi-
librium exists under reference pricing and the equilibria under co-payment is
characterized by partial market coverage and given by (102). For k € [kiiop, kop)
under co-payment and reference pricing the market is partly covered and the
SPNE are characterized by, respectively, (102) and (99). In this case we find
that,

@ > qr
i < pf

The proof is analogous to the previous proofs. On what concerns market cov-
erage calculating the difference between the market coverage under co-payment
and under reference pricing we find that,

M® =M™ >0 if p, < pris(= ag®)

Where p,13 is the reference price p, that solves M°¢ — M™ = (0. As for k €
[kiiop, k2p) Pri3 < pr3. Therefore, as p, > p,3 then it must be the case that
pr > pr1g and, thus, it follows that M¢ < M. For k € [kgp, ksp] under co-
payment the market is partly covered and the SPNE is characterized by (102)
while under reference pricing the market is (endogenously) fully covered and the
equilibrium is characterized (100). Comparing the prices and qualities we find
that, for p, € [pr3, Pro]

% >q;"

k€ l|kop, k F ;
[219 g]{plg<p;p

4 <q”

s [k2p’kg]{pf<p:p

Instead, for p,. > prg,
@ > qF
i < p’

21the proofs are analogous and follow from the previous. Therefore, we will omitt them
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Where p,g stands for the p, that solves k; — k3, = 0. Finally, for & > k3,
there exists no equilibrium under reference pricing while under co-payment the
equilibrium is characterized by partial market coverage and given by (102) for
k € [ksp, kec] and by full market coverage and given by (101) for k € [kec, k3c] -

Combining the results found above and knowing that for p, > p,.7; we have
that k. > {kp, kg} the comparisons are such that for p, < pro

@ > q
pi > pf
For p, € [pr27pr7]
% >q;"
k .. [ 3
S [kl’Lpr ke] { pz < pzp
¢ <q”
T
¢ > pi?

rp
k S k2p7 { c > ql’“P

ko€ (ke kap)

p; > p;
¢ <q?

k kg, k
S g bc >p;"p

o a > q"

For Dr S [pr7,p7‘3]

¢ > g'P
E € [kiiQpaka]{ % ~ 9

p§ <pi’
qs > q.”’
]’C G k, ’k K3 7
(k2 -"]{ P <p;’
4 <q”’
k c k ,k [ 1
kg h]{ pi < p;”
q_c < qrp
]C k k K3 1
S [ hs 60]{ plg>p:p
q,c > qr
k € k(j k3 { ! ;
o kanl e S pro
Finally for p, > p.3
q > q"
i <pi’

D.2 Local Monopolies

In the same line as in the competitive scenario also local monopolies show a
multiplicity of results. Comparing prices, qualities and market coverage of the

62



two reimbursement systems, results are summarized in the proposition that
follows.

Proposition 19 When firm one is closer to the left end of the market, i.e.
1
T < 1

e For low treatment instant utilities the two systems deliver the same quality
and price differences between the two systems depend on the co-payment
rate.

— Namely, for a co-payment rate higher than 0.5, prices are higher
under co-payment

— While for lower co-payment rates, i.e. o < 0.5, the reverse holds

Co-payment system leads to lower market coverage than a reference pricing
system.

o For medium treatment instant utilities a co-payment system delivers higher
quality than the reference pricing system but, at maximum, achieves the
same market coverage than reference pricing policies. On what concerns
prices, for intermediate treatment instant utilities co-payment leads to
lower prices than a reference pricing system, while for high instant utility
k levels prices, are higher under co-payment.

Proof. For z; < 4i for k < 2x1 — p, — Q the equilibrium under reference
pricing is characterized by (76) while under co-payment by (20). Therefore we
have that,

a5 —q;” 0

pi —p;¥ < 0 fora<0.5

pi —p;’ > 0 fora>05
Me— M™ = —p, <0

for i = 1,2. For k € [2951 —pr — Q,211 — @] the equilibrium under reference
pricing is characterized by (78) while under co-payment by (20). The market
is fully covered under the reference pricing system and partly covered under
co-payment. Therefore we have that,

@« —q” > 0

pi —pi¥ > 0 fork>2x(1— )

pE—pi? < 0 fork <2z (1-a)
M —M™ <0

-Q
-Q
for i = 1,2. Finally for k > 22; — Q the equilibrium under reference pricing is

characterized by (78) while under co-payment by (22) and the market is fully
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covered under both systems.. Therefore we have that,

a—q¢" > 0
pi—p" > 0
M =M™ =0
fori=1,2. m

The following graph illustrates the results described in the propositions
above,

a
A
1 ; ;
) 1
1 1
q°=qP" ' '
s ppr : q°>gF" '
p*=p i '
C<| pr
mersme : mee<me i
c>qpr
0.5 : b d7al
------------ , P pep
! ! mce=mcP"
) )
Q=g 1 qegPr :
pe<pPr H pe<pPr H
mce<mcP’ mce<mcPr i
' '
1 1
H : >
0 k1lm k2Im

k

Reference Pricing versus co-payment equilibrium qualities and prices for
T > %
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