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Shortages

The loneliest guy in town. Jan-Aug, 2020

Dependable Maytag washers last longer than any other brand.
Maytag washers need fewer repairs and cost less

to service than any other brand.

A quandary for BN(O) passport Communicate, Coordinate,
holders in HK before making the Collaborate: How to Fix the
leap Vaccine Supply Chain Mess

@ PPE shortage @ Hospital shortage
@ Toilet paper shortage
@ Hand sanitizer shortage
@ Face mask shortage @ Meat shortage

LOS ANGELES

The Oxford-AstraZeneca Vaccine
More Vaccine Supplies Are Being Could Be a Game-Changer for
Released. It's a Gamble. Inequality

ASIA BUSINESS REPORT

Global chip shortage

% - J How to distribute the COVID-19 Hastening 'smart city' drive via
US has three of the top semiconductor equipment companies vaccine: Lessons from Amazon value creation and incentive

BEAE WORLD NEWS and Walmart alignment




Four Healthcare Supply Chain Challenges amid Pandemic

PPE Shortages

2. National stockpile allocation
(with private information)

. From PPE shortagestoCOVID-19 vaccme '
3. Warp SpEEd COVID Vaccine distribution, the supply chain has emerged

Development j 25 determi = <

4. Efficient Vaccine distribution

The NewFJork Times

The World Needs Many More

Coronavirus Vaccines

Wealthy nations have to step up.

Need Innovative healthcare supply
chain solutions




Overcoming challenge # 1: PPE Shortages B0-N

HARRIS
Reshoring via Biden’s Build Back Better!  4areas: semiconductor,
o EV battery + minerals,

Pharmaceuticals, API
Electric vehicles

$174 billi Home-an d community-based Job creation and
ien care for disabled and elderly innovation
$400 billion $280 billion

/" REBUILDU.S. SUPPLY
CHAINS AND ENSURE
sacton  THE .S, DOESNOT

- ( / FACEFUTURE
: S e e SHORTAGES OF

© CRTICALEQUIPMENT

Transportation
%620 billion

Note: Totals are rounded estimates.
Source: The White House



But Reshoring is hard to do..... he Odyssey in 2020

* Shawmut, an advanced textiles producer in MA, tried %™

:

to produce hospital gowns and N95 masks in 2020 @TheProtex
. ) All-Day-Comfort
* 3-5 months to source, import, and adapt materials and System
melt_blown equ i pment’ etc. Looking for AII-Day-&%r:f:;tfiunr:hnergs cup-style mask?

* Hospital Gowns need 510(k) filing with FDA 90 days in
advance before marketing

e Cost $100,000 to prepare, 6+ months for approve

* N95 masks needs to pass NIOSH ‘s testing + approval

» 81-page document to explain the process Surgical Masks - Premarket Notification
* Took months approved in Feb 2021 [510(k)] Submissions

° |_e SSONS: Guidance for Industry and FDA Staff
* Public-Private sector coordination is needed! _Eﬁﬂl%?é%?éii&gﬁﬂm (

* Need innovative ideas to develop resilient supply chains! . . .
e Need ti llaborations! The National Institute for Occupational Safety and
eed proactive collaborations! Health (NIOSH




Agenda: Innovative Ideas + Resilient Supply Chains

4 Challenges Proposals: Resilient Supply
Chains

PPE Shortages A Resilient Supply “Ecosystem”

Stockpile allocation to different An “Truth-Telling” Mechanism
states (with private info)

Warp Speed COVID Vaccine A “Parallel” Development Process
Development + “Incentive Contracts”

Efficient Vaccine distribution A “Dose-Stretching” Policy




Proposal 1: A resilient supply ecosystem (Li, Sodhi, Tang, Yu (2021))

Standby Capability: z

* A 3-tiered supply “ecosystem” (x, y, z):
. . «“ )] . d | t t,
1. Stockpile inventory x : “on-demand T (c?coi\\llzgfomnecr:)sf)os

2. Backup capacity y : “on-reserve”
(shift from global to domestic supply chains) '

s /" ) Backup Capacity: y
3. Standby capability z : “on-alert

: T
- . . L. r: reservation cost, 1
(convert capability to capacity: 3-D printing) L exercise cost)
Capability is necessary for future products Stockpile Inventory: x
(u: unit cost,
h: holding cost) T,

Need coordination and collaboration

* US government, private corporations,
universities — e.g., Consortium -- America
Makes, Sematech, etc.

Demand Rate: D(t)

A 3-tiered Resilient Supply Ecosystem



Proposal 1: A resilient supply ecosystem (x, vy, z)
1. Assume D(t) is Exponentially distributed with rate A

2. Stockpile Inventory x (u: unit cost, h: holding cost)
3. Backup capacity y (r: reservation cost, s: exercise cost)
4. Standby capability z (a: development cost, c: conversion

cost) + conversion yield = 6 w.p. 8 (=0, w.p. (1-0))
5. Stockout penalty p, and deployment time is instantaneous

Standoy Capabilty: z

(3:developmentcost,
2 ¢ comerson 00st)
|

!
Backup Capacity.y

T

[ reservation cost,

5. exercise cost)
|

Y

Stockpile Inventory: x

600 (mnfdx,y,0)  (ymnd-(in) (0
| { | » Demand D

Inv only x Inv+ Capacity Xty Inv +Capacity x+y+62 All + shortfall
+ Capability

Question: what is (x*, y*, z*) that minimizes the total
expected cost? When to develop capability z* > 0?

(U: it cost,
h: holding cost) T

Demand Rate: DIt)

AResilient Supply Ecosystem



Standby Capability: z

Optimal x*, y*, and z*

hj24s conversion ‘ (a: development co
1. The optimal stockpile inventory T = /\ ln(u T T) (vle(l)d;\f/;/w O 1 ¢ comversion cost
9. The optimal backup capacity ) = + - In (5 luth-r) [(C‘S)Jr(l—@)(p—C)]). |
P P AApACy =3 n (h]24s) (rdh—a) Backup Capacity: y

(1 reservation cost, 12
\

S: exercise ost)
\

Also, 2> 0 if and only if a < rdy, and ¢ <p (1 —a(l - )/Hréh) :

Stockpile Inventory: x

3. The optimal standby capability 2 = ﬁ In (a[(f_(z )_j)((lrfg)_(g)_ C)]).

Implications:

* Optimal inventory x* is linked with capacity decision only

e Optimal capacity y* is wedged between inventory and capability
decision

* Optimal capability z* is connected to the capacity decision only

* Develop capability (z* > 0) only when the effective costs
(development and conversion) are low enough

(u: unit cost,
h: holding cost) T,

Y

Demand Rate: D(t)

AResilient Supply Ecosystem



Challenge # 2: Allocating critical supplies (with private information)

Whole-of-America COVID-19 Response

Locally executed, state managed and federally supported efforts to meet the demand for critical supplies

cn &

o
Preservation of medical supplies. Allocation of supplies to ensure they get to

the right place at the right time
-~ |
& o e

Local facilities report supply needs
to states. States fulfill supplies. If
supplies are not available, states go

to the federal government.

Jo %

Acceleration of industrial manufacturing
and distribution

Federal government tracks
and fills state requests using
data to get supplies where
they are needed most.

State/local responders apply guidance on how to
preserve supplies from federal experts at
HHS/FEMA/CDC and other agencies.

Expansion of the industry

o~

= o

State, local and private sector enhance
production capacity for critical supplies.

State/local responders receive critical supplies from

Process:
e States make request to
Federal government

Federal government
allocates supplies

Challenges:

1. Decentralized
Information — data
reside at the State level

2. Decentralized control --
Fed sets policy, States
executes

federal air bridge and the private sector.




Proposal 2: A proactive truth-telling mechanism

 Tisthe “points” to be paid by a state
* Fed provides each state with a certain # of points (not S) -- to induce truth-telling

e gis the “allocation” to each state — receive less allocation with O point
* Unlike the PPE bidding war in 2020 based on S + winner takes all

* Needto find T and g (Fan, Chen, and Tang, 2021)

SHEPHERD'S TABLE

Feeding America’s —» ), oo
Auction System il " BV ‘

LOS ANGELES REGIONAL W tem: Cereal 5” GIANT SIZE |_ A FOOd

FE2WA  Size: 100,000 (boxes) Honey, Nut

Cheenos Bank’s bid

M i orical bid: 5,500

Item: Chicken of the sea
Size: 50,000 (cans)
Historical bid: 3,000

Fighting Hunger. Giving Hope.

Location: Los Angeles

Government & ' ¥ 3B meals distributed Points: 9,500 ~
NGO FEEDING Food Banks oints: 7, Item: Peanut Butter

’ AM E R CA Size: 150,000 (jars)

| s Network of 240 across Last bid: Banana (2,000) ~ Historical bid: 8,500 Item: Cereal

! Received approx. $2B in donations, : e e

| contributions, and grants g:ét;ﬂ::;teRSK'QdUd'ng D :'.ze- 100{(:’0: (?‘;’(()%5)

i H istorical bid: 5,
: Potemvee: otne e e o ey e i Wish List  ttem: Milk
Busmesses' food i Size: 10,000 (cartons) .
and grocery History Historical bid: 1,000 Your bid
manufacturers, Add to cart
retailers Cart 6,000
Walmart Item: Pickle
@7 i Size: 10,000 (jars)

TN 1in 7 families faces hunger daily Wistoricat b 1000 Powersd By & AM Eg E‘:/G\




Proposal 2: A proactive truth telling mechanism and an
efficient allocation plan (Fan, Chen and Tang (2021))

Principal has @ units of a good (e.g., mask) for sale

o
@ There are n agents, and marginal utility of an extra medical supply is: p;i = 6; —~vq
o
o

6 c [0, 0] is the private information and follows CDF F(0)
-

Yi j¢ the laroect demand Of acent /
= o nd g
P4 * With sufficient resource Q, the best strategy
— . 0,
for the principal is to allocated ?' to each
0. state 1.
L . . .
* Without sutficient resource, the question for
2 the principal 1s how to allocate Q among n
G agents (who have private information about
2
?

. ) 0:
. their market demand characterized by —) to
Social welfare Y

_ 1. o maximize the total social welfare:
=0iq —Svq

-
-

0i
?(largest market

demand in state i)



Proposal 2: A proactive truth-telling mechanism (T, g)

p

o The principal proposes a menu of contract (q(f1, 0o, ....0,), T(01,05,....0,))
which depends on agents' report 61,65, ...,0, © (state’s real need) is not ec\

. _ known to the principal (Fed) ) <
o g =1{q1,q2,.... g3} is the quantity allocated to agents ',

9
Social welfare
o T={Ty, Ty,.., Ty} is the transfer paid by agents A \
@ Agent’s expected utility of reporting x when his true type is 6; is: j
mi(x,0)) = Eo_, [0:qi(x,0-1) — 57a?(x,6-1) — Ti(x,0_0)]

@ When reporting true type: 7;(6;) = 7 (6;,6;)
@ Allocation problem (Max—social welfare)

= L
max IEg, ¢_, { > " w;[0:qi(0:,0_;) — =~vq7 (6, 9—,')]} (3)
q.T e 2
s.t. wi(0;,0;) = mwi(x,0;) Vi,Vx  w_iisthe bargaining power of (10)
7 (0:,0;) > 0 Vi agent i due to political clout (IR)

n
> =@ (Capacity Constraint)
S



Allocating scarce resources with private demand
information £ : A mechanism design problem

Y
* Closed formed expressions for g* and T*

 Allocation is “inefficient” when rationing is
: 0;
needed (i.e., when Q < 27‘)
* Agent with higher w_i will get more q_i*

* “Inefficiency” can be reduced when the
principal cares about its own monetary
benefits via w_0 by solving:

n 1 n
max IEp o . w;i[0:g; — —vg?] + u I;
s 6,,0_i {ZZ; il iqi 2')"]1] ( }

o Agent's expected utility of reporting x when his true type is fl; is:

L)

)<, b)) T

0 When reporting true type: 7;(6;) = (6, 6;)

o Allocation problem ~ W_i is the bargaining power of
agent i due to political clout

: ]
max IE@{,@_,. {E WJ[OiQi(()i:@-i) - ‘“Yqi2 (0i= 9—!’)]}
o7 i=1 2

S ﬂ;((),',(),‘) D T(;(X,ﬁ,‘) i, VX
h)> 01

mi\Uj

n
Eq; < (Capacity
=1




Agenda: Innovative Ideas + Resilient Supply Chains

4 Challenges Proposals: Resilient Supply
Chains

PPE Shortages A Resilient Supply “Ecosystem”

Stockpile allocation to different An “Auction-liked” Truth-Telling

states (with private info) Mechanism
Warp Speed COVID Vaccine A “Parallel” Development Process
Development + “Incentive Contracts”

Efficient Vaccine distribution A “Dose-Stretching” Policy




Challenge # 3: Warp Speed COVID Vaccine Development
Vaccination imnnovation,  Disease jmm:

Infectious agent t .

year in which the agent year in which the vaccination
I O I l l 1 O O Z O Z O was linked to the disease was licensed in the US

Malaria®, g4,

Plasmodium spp.

U e CUI OIS ™ .. | ———
Mycobacterium tuberculosis
Typhoid fever

YPNOIC TOVOT 1 e | o5
Meningitis 15| '
Haemophilus influenzae
Whooping cough 100 | ———— o

etella pertusss

Dengue fever? e e e i el T P T
Dengue virus

s 100: | —— o5

Zika fever® 1947 |
Zika virus
Chickenpox 195 | ]
Varicella zoster virus
el 10 years > 10| oo
Birth defects, mononucleosis® B rorn g et il SUAE o el
Human cytomegalovirus

Hepatiti
1.5 8L 1065 |— oo

Diarrheal disease 1973

Rotavirus

|

2006

Ebola® —

Ebolavirus

|

Cervical cancer?” 1981 2006

Human papillomavirus

AIDS”

HivV

COVID-19

SARS-CoV-2

1880

Less than 1 year!

|

1983

|

»

S
Q
N
O

—

>

1960 1960 1970 1980 1990 2000 2010 2020



Proposal 3: An incentive mechanism to support Warp Speed

» Typical “sequential (S)” vaccine development process takes a long time!

e Accelerated “concurrent ( C)” vaccine development process (Warp Speed)
* Phase Il/lll Clinical Trials and manufacturing are done in parallel
* Firms may not participate: risky upfront mfring investment... vaccine may not work!

 Government offers contingent advance purchasing contracts as incentives for
multiple firms to compete ..... Will this be sufficient?

PROCESS BLLS MONTHS MONTHS S . COMPLETION

PROCESS B3aE COMPLETION

I R&D + Preclinical Trials Vaccine Candidate/s Identified 2 Phase Il Clinical Trials B Manufacturing
B Phase | Clinical Trials Phase Il Clinical Trials Distribution




Proposal 3: An incentive mechanism to support Warp Speed

» Typical “sequential (S)” vaccine development process takes a long time!

e Accelerated “concurrent ( C) ” vaccine development process (Warp Speed)
* Phase II/lll Clinical Trials and manufacturing are done in parallel

* Firms may not participate: risky upfront mfring investment K, but vaccine may not be
effective if its efficacy e <.

* For 2 firms, A and B with different uncertain efficacy, but e A is stochastically
higher than e _B. What is the development strategy in equilibrium?

PROCESS BLLS MONTHS MONTHS S . COMPLETION

ACCELERATED r stkan 14
PROCESS B3aE COMPLETION

Bl R&D + Preclinical Trials Vaccine Candidate/s Identified B Phase Il Clinical Trials B Manufacturing
B Phase | Clinical Trials Phase Il Clinical Trials Distribution




Proposal 3: An incentive mechanism to support Warp Speed

e Typical “sequential (S)” vaccine development process takes a long time!

* Accelerated “concurrent ( C) ” vaccine development process (Warp Speed)
* Phase II/Ill Clinical Trials and manufacturing are done in parallel

* Firms may not participate: risky upfront mfring investment K, but vaccine may not be effective if
its efficacy e <.

* For 2 firms, A and B with different uncertain efficacy, but e A is stochastically higher
than e_B. What is the development strategy in equilibrium?

* Preliminary results (Limon, Tang, and Tanisever, 2021): Depending on K, it is possible
to have the hare to adopt S and yet the tortoise adopts C!

Equilibrium: (C,C) (C,S) ($,0)/(C,S$) ($,C) (S,5)

| \ \ [ |

I I |
I I I I
Fixed cost (K): 0 AS AC AS AS




Proposal 3: An incentive mechanism to support Warp Speed

» Concurrent strategy (C) involves risky U 10
upfront mfring investment K, but
vaccine may not be effective if its
efficacy e<T.

e For 2 firms, A and B with different
uncertain efficacy, but e_A'is
stochastically higher than e_B. |
What is the development strategy 7> 0.654
in equilibrium?

09 el 59" 4 1< 0.65/

* Preliminary results (Limon, Tang, ;5
and Tanisever, 2021): Depending W :
on K, it is possible to have the 0000 005 0010 0055 000 005 K
hare to adopt S and yet the b)a = 0.2
tortoise adopts C!

o 5C (S 0SS o SCandCS  NA(B<T)



Proposal 3: An incentive mechanism to support Warp Speed

~ MONTHS TO
PROCESS “ i COMPLETION

Incentives to entice firms to adopt the accelerated process
ACCELERATED : SRR 14
PROCESS 25 L

* Preliminary results (Limon, Tang, and Tanisever, 2021)

e Contingent advance purchasing contracts can “nudge” some pharma (hares with high
approval chance) to adopt the “accelerated” process

» Extra subsidies are needed to encourage other pharma (tortoises with less promising
vaccines) to adopt the “accelerated” process -

* Implications: Incentives + subsidies are key!

* A new idea: Should competing pharma share production
capacity for vaccine production “before” approval? (Dai & Tang, 2020)

* Sanofi produces for Pfizer + Merck produces for J&J as an “afterthought”
* Should firms establish “capacity sharing” agreements “before hand”?




Challenge # 4: efficient vaccine distribution mechanisms

e How to vaccinate as many as possible ASAP when:
* both Pfizer and Moderna vaccines require 2 doses with 3-4 weeks apart
e supplyis limited (esp. in developing countries)

@ Pﬁzer moderna fohmonfohmon

W % o

Ultra Cold* -50°C to -86°C Cold Chilled
*** May 2021: Once thawed, can
be stored for 1 month 2-8 °C -15°C to -30°C +2°C to +10°C
Two-dose Regimen Two-dose Regimen One-dose Regimen
(3 weeks apart) (4 weeks apart) (One and Done!)
: , Efficacy Clinical Trials:
Efggag\é(!/_: r:ft?[lel;alngizzﬂdy. Efficacy Clinical Trials: 66% worldwide
’ 95% after both 72% USA

95% after both



Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021)

1. Hold back: Should you vaccinate 10 10 oot Doss (o0 ach
alle arre st pose (noig-dac
million people and hold back 10 million Trade off s Sacond Dose toki-bacd

second doses? £ s | | between Release | = First Dose (Release)

= = Second Dose (Release)

vs. Hold back

2. Release: Or maybe give all the doses
to 20 million people, and use future
supply to cover second doses?

% Population

oy .
3. Stretch: Stretch the lead-time
between two doses to 12 weeks?

0 20 40 60 80 100
«3 weeks+ Day




Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021)

% Population

Trade off between: Release and Stretch

10
= First Dose (Releasa]
= = GSerond Dose (Release)
3 - First Dose (Stretch)
Second Dose (Stretch)
E A
4 4
2 A
1]

Day
12 weeks———

y 3

Vaccinations
From Our World in Data - Last updated: 2 days ago

Total ~ 5 United States ~ All regions ~ All time ~

2om | At least 1 dose = 48.5%
son | Fully Vaccinated = 38.6%

Apr 23, 2021

oo May 20, 2021

50M /
0

Jan 19 Feb 8 Mar 1 Mar 21

Atleast 1dose @ Fully vaccinated

Apr 10 Apr 30 May 20

Vaccinations
From Our World in Data - Last updated: 3 days ago

Total + EI'-: United Kingdom ~

v At least 1 dose =55.9.5%
Fully Vaccinated = 31.3%
May 19, 2021

20M
10M /

0

Mar 12

Atleast 1dose @ Fully vaccinated

All regions ~ All time ~

May 19, 2021

May 19




Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021)

10

%% Population

== First Dose (Release)

= = Sarond Dose (Release)
Single Dose Regimen

Trade off between
Release vs.

---I’

il llill-il
Day

120

140

One and Done: Why People Are
Eager for Johnson & Johnson’s

Vaccine

Johnson & Johnson’s one-shot vaccine is allowing
states to rethink distribution, even as health officials
and experts worry some will view it as inferior.

BARRON’'S

CORONAVIRUS

The Great Promise of a One-Dose Vaccine

By Tinglong Dai, Ho-Yin Mak, Christopher S. Tang
Updated Feb. 26, 2021 9:48 am ET / Original Feb. 26, 2021 9:40 am ET

The U.S. Food and Drug Administration’s
expert advisory committee is meeting
today to discuss the emergency use
authorization of Johnson & Johnson's
Covid-19 vaccine. If authorized, it will be
the first single-dose Covid-19 vaccine.
Despite some confusing data about its
efficacy compared with other vaccines,
this new one-shot vaccine has the
potential to substantially ease the
logistical problems that we've seen to
date. Healthcare systems, especially in
the 130 countries that have yet to give out
their first shots, should pay close attention. Americans should, too.

Get ready for one of these.
Phill Magakoe / AFP via Getty Images



Comparison: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021)

SEIR Model for one Risk Group with Pre-symptomatic/Asymptomatic/Symptomatic Infection

—
000 Ve

@ Hospitalized
Model Calibration

High Risk Group = 65+ (13% of population), Low Risk Group = 65- (87% of population)

e # of contacts between groups (e.g., C(H,H) = 0.3, C(LL) = 0.84

e Transmission probability after vaccination (43% reduction after Pfizer vaccine — alpha variant)
* Duration at each state — e.g., Expose state = 4.6 days

e Efficacy of Pfizer after one- and two-dose (58%, 95%), and JnJ one dose efficacy (66%)




Proposal 4: Hold Back, Release, or Stretch? (Mak, Dai, Tang, 2021)

Simulation Results (SEIR model + high risk group has top priority for vaccine)

0.6 Wl Hold-back
10 — Release
0 05 1] — Stretch
0 c Single Dose
g 0 Hospitalized |) |
v 004 » 10 — No Vaccine
Rt [(VRYA c
@ = ©
= ()
£ 09 5 Y0
0 = :
g 203 - Deceased
E 04 I 006
> =
0 r 0.2
— bl
> ° 0.4
£ 02 01
02
0.0 0.0
% 100 150 200 250 300 35 5 100 150 200 250 300 35 5 100 150 200 250 300 35

Day Day Day



Conclusions: Four Healthcare Supply Cham Challenges

1. PPE Shortages
* Supply Ecosystem (Inventory, Capacity
& Capability)

2. National stockpile allocation (with - T : a2l ||
private information) From PPE shortages o COVID 19 vaccine

* . . distribution, the supply chain has emerged
Truth telling mechanism _ as a determinant of health g -

3. Warp Speed COVID Vaccine
Development

* Concurrent development, contingent ) o

contracts, and subsidies The World Needs Many More
4. Efficient Vaccine distribution Coronavirus Vaccines

* Stretch the timing of the second dose Wealby naionshavetostep







