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Note: This deck provides additional analysis to that

provided in our original full pricing report published on
November 16t 2016, which can be found here



http://www.mtspartners.com/wp-content/uploads/sites/2/2016/08/Principled-Drug-Pricing.pdf

Feedback #4 on Principled Drug Pricing Report: Orphan Drug Pricing — Unlikel

to be Left Alone in the Current Drug Pricing Debate (1/5)

Bottom line:

*  In our conversations around the current drug pricing debate, the vast majority of investors and companies we have talked to think orphan drugs, more
accurately speaking “ultra-orphan”* drugs, are immune to pricing pressure relative to “mainstay” drugs. (*we have subjectively defined ultra-orphan
drugs as those that “truly” treat rare disease with less than 10,000 patients vs. 200,000 for technically orphan drugs)

®  This view is due to the perception that: (a) ultra-orphan drugs don’t move the needle on the totality of drug spend and (b) the unwillingness of denying
access to “essential” drugs for ultra-orphan populations. Both of these perceptions are not an accurate reflection of the reality.

*  We provide analysis that ultra-orphan drugs ARE (increasingly becoming) a needle mover. In totality ultra-orphan drugs accounted for ~$17B or ~6%
of the total US drug spend in 2016. This is set to grow to ~$29B or 7% by 2022. If we use the official definition of orphan drugs, they accounted for 21%
of US drugs sales in 2016 and are estimated to grow to 27% by 2022.

. Recent news flow on the last three approved ultra-orphan drugs around limited reimbursement, and/or stricter utilization controls, illustrates that there IS
increasing willingness to limit access to orphan drug - quod erat demonstrandum.

=  Compounding the above two factual observations is the arguable lowering of the clinical effectiveness hurdle for some recently approved orphan
drugs. The majority of companies we have spoken to take this view with the focus of blame for this “travesty” ironically being leveled at the patronus or
guardian of clinical effectiveness, the FDA.

»  Ultra-orphan drugs are priced in a tightly correlated two dimensional plot of addressable population size and price. Proven clinical effectiveness is seemly not
a third dimensional axis. Thus ultra-orphan drugs are currently priced based on a “what the market can bear” fashion. We have previously argued this is the
same pricing methodology for mainstay drugs, and one which is unsustainable.

=  In conclusion and in our view (1) ultra-orphan drugs are NOT immune in the current drug pricing debate - many of the sensitivities with the “mainstay”
drug pricing debate will likely spill over into the ultra-orphan drug arena; (2) Whilst the future of ultra-orphan drug prices will obviously not be value based,
some level of clinical utility (in addition to just population-based pricing) will likely be required; and (3) although there is little current evidence of this
happening anytime soon, there are some arguments for modernization of the 1983 Orphan Drugs Act.

We welcome comments and questions to the coordinating author, Ravi Mehrotra (mehrotra@mtspartners.com) and/or to any of the Partners at MTS. You can
now follow us on Twitter - @MTSpartners.

We published onr first "Strategic Analytics” report "Principled Drug Pricing Centered on Innovation and Choice: Part 1" (link) in November 2016. As we highlighted at the time, the
principal purpose of the report was to act as a forum for debate on this inmportant contemporary societal issue. With this in mind, we continue to communicate the key feedback items post our
continued interactions with both investors and corporates. Feedback #1 related to the likely impact of the new administration on drug pricing (link), #2 related to the impact of drug price
rises (link), and #3 related to the frictional costs in the US drug ecosystem (link). In this 4" feedback note we discuss orphan drug pricing and its perceived immunity from the drug pricing
debate.

Source: MTS analysis
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http://www.mtspartners.com/wp-content/uploads/sites/2/2016/08/Principled-Drug-Pricing.pdf
http://www.mtspartners.com/news/feedback-1-on-principled-drug-pricing-report-will-drug-pricing-still-be-as-big-of-an-issue-going-forward-with-the-new-administration/
http://www.mtspartners.com/news/feedback-2-on-principled-drug-pricing-report-unprincipled-price-rises-where-is-the-value-in-an-unbearable-symptom/
http://www.mtspartners.com/news/feedback-3-on-principled-drug-pricing-report-the-frictional-cost-break-up-in-drug-pricing-its-not-me-its-you/

Feedback #4 on Principled Drug Pricing Report: Orphan Drug Pricing — Unlikel

to be Left Alone in the Current Drug Pricing Debate (2/5)

Details:

Based on our conversations with both investors and companies it has become evident that the general thought process is that ultra-orphan drugs are the most immune to
pricing pressure in the current US drug pricing debate (the antithesis of specialty drugs). The overall reasoning behind this line of thinking is: (a) that despite the high
prices of ultra-orphan drugs they really don’t move the needle in the overall US drug budget due to low patient numbers and (b) the unwillingness of denying access to
“essential” drugs if they are available. In our view, both of these bastions of current common beliefs are under threat of changing and orphan drug prices are far from
immune in the drug pricing debate.

Orphan drugs don’t move the overall drug spend needle. Really? There is a limit on "society’s ethical insurance premium” — it feels like we are close to it.

If you walk up to a person on the street and tell them that for every $100 they spend on drugs (cither directly or via insurance premium), 1% or $1 goes towards paying for
drugs to treat a very small number of patients that suffer from ultra-rare diseases, that person is likely to say that is fine, 2%, still fine, 3% probably still fine, etc, etc— we
term this “society’s ethical insurance premium”. If you repeat the same question but say that for $100 they spend on drugs, 25% or $25 is going towards paying for orphan
drugs, the response is likely to be very different —Our point here is that at some proportional point of total drug spend, society (and payers) will push back on the totality
of spend on ultra-orphan drugs — i.c. societies insurance premium comes at too high a cost. Thus the key questions are: (a) what % of total drug spend is currently, and in
the future, spent on (the totality) of ultra-orphan drugs, and concomitantly (b) where is the “pushback point”?

What is the totality of spend on Ultra-orphan drugs?

So dealing with the % of total drug spend on ultra-orphan drugs, the factor to address here is “what is an ultra-orphan drug”? Technically an orphan drug in the US is
defined “as those intended for the safe and effective treatment, diagnosis or prevention of rare diseases/disorders that affect fewer than 200,000 people in the U.S., or that
affect more than 200,000 people but are not expected to recover the costs of developing and marketing a treatment drug”. In the EU the definition is similar with the
numerical being “affecting not more than five in 10,000 people in the European Union”. Under these official orphan criteria the majority of approved orphan drugs would
not be considered “subjectively really orphan” drugs by those “skilled in the art” and include drugs such as Revlimid, Avastin, Herceptin, Opdivo, Keytruda, Pomalyst, etc.
Thus, the debate about orphan drug pricing is really about ultra-orphan drugs for which there is no official definition. For the historians amongst us the term ultra-orphan
was first introduced by the UK’s National Institute for Health and Care Excellence, aka NICE (aka “not-NICE” as better known by many in the biopharma industry) in
2004.

Using our database of 257 drugs approved in the US under orphan drug status, which are actively marketed and with material revenues, we subjectively categorized ultra-
orphan drugs mainly based on the widely accepted criteria as those treating less than 10,000 patients. Using this methodology in our screen, there are 72 ultra-orphan
drugs, which account for ~27% of the total marketed US orphan drugs in 2016. Putting hard number on these ultra-orphan drugs, they represent around ~$17Bn or 6%
of the 2016 US total drug spend, which is projected to grow to $29Bn or 7% by 2022. As an interesting note - all orphan drugs (i.e. those officially classified as orphan)
represent around $63B or 21% of the 2016 US total drug spend and are projected to grow to $115B or 27% by 2022. We return to the topic of orphan vs. ultra-orphan
latter in this note in this note.

Source: MTS analysis
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Feedback #4 on Principled Drug Pricing Report: Orphan Drug Pricing — Unlikel

to be Left Alone in the Current Drug Pricing Debate (3/5)

Where is the pushback point for ultra-otphan drug spending as a proportion of total drug spend?

So is a 6-7% spend on ultra-orphan drugs (of the total US drug spend) nearing a pushback point? There clearly is no definitive answer, but here are some
considerations:

In our conversations with companies and investors when we asked people to guess the % spent on orphan drugs (we did not touch on the subject of orphan vs.
ultra-orphan in our questioning) most estimates were in low single digit region.

The ~$17Bn of cumulative sales of the 72 ultra-orphan drugs in 2016 is around the cumulative sales of the 5% to 10 of the top 10 selling drugs in the US in 2016.
As we pointed out in our original tome on the drug pricing debate (link), the totality of all US drug spend is just 2% of US GDP and 10% of total healthcare
expenditures — these are small numbers yet we are in the middle of a drug pricing debate. ..

No one should be denied access to the “essential” drugs if they are available.... Is the clinical bar for orphan drugs getting lower?

There is no justifiable ethical pushback for allowing patients access to a drug that “works” and where there is no alternative. The points made above simply
question the potential economic barriers to broader ultra-orphan utilization. Having said this, it is notable that there has been increasing public debate over a
number of more recent orphan drug approvals that have questioned the “efficacy” element (e.g. link, link, link, link). This has led to access denial by some insurers
or at least stricter utilization controls over and above the approved labels/populations. Not wanting to get drawn into the specifics of “are these orphan drugs
really efficacious” (a topic by itself), our key points here are (a) there IS increasing willingness to limit access to orphan drug — guod erat demonstrandunm, and (b) we
would argue the central reason for this emerging access limitation is the combination of ultra-high prices for ultra-orphan drugs and a questionable lowering of the
clinical effectiveness hurdle rate for approval. To add to this is the general (mainstay) drug pricing debate and the casting of biopharma companies as “bad ones”.
Altogether this culminates that for the first time ever we are starting to see the once sacrilegious subject of the limitation of ultra-orphan drug access being
publically debated.

Going forward this situation is only likely to be amplified rather than go away. In our view, the one key factor that the biopharma industry can address (and
ultimately will have to) is the observation that ultra-orphan drugs are priced in a tightly correlated two dimensional graph of addressable population size and price.
Proven clinical effectiveness is seemingly not a third dimensional axis. Thus the current method of pricing ultra-orphan drugs based on a “what the market can
bear” fashion. We have previously argued this is the same pricing methodology for mainstay drugs, and one which is unsustainable (Feedback #2: Unprincipled
Price Rises - Where is the Value in an Unbearable Symptom - link).
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Feedback #4 on Principled Drug Pricing Report: Orphan Drug Pricing — Unlikel

to be Left Alone in the Current Drug Pricing Debate (4/5)

(3) Derivative thoughts on ultra-orphan drugs
Three fundamental reasons that undetpin high otphan drug prices over and above the commercial reality of needing to chazge high prices for drugs
which address small populations.

The firstis that orphan drug therapeutic modalities are often “proving grounds” which can be applied to drugs for broader populations. For example, many of the
first oligonucleotide and gene therapy drugs were/are being used initially in orphan drug settings, with clear intentions to move out to broader indications.

The second is that many first generation orphan drugs with modest clinical efficacy are “stepping-stones” for the next generation drugs that are likely to have a
more meaningful clinical benefit. The classic example is Orkambi, which has a modest 4% FEV. However, the future of cystic fibrosis treatment is most likely to
be a “triple combo” of some sort, which will have a more meaningful clinical effect but arguably would not have been developed if the utility of a corrector and
potentiator had not been shown with Orkambi.

The third reason is the social reason, and the original reason why the Orphan Drug Act exists -- that developing orphan drugs is the “right thing” to do. Without a
doubt patients and caretakers of patients affected by rare disease feel grateful and inspired that companies have chosen to study, often for decades at a very high
cost, devastating diseases that affect only few people in the world.

An increasing focus on reputposed mainstream drugs for otphan disease — distinguishing between justified tisk/reward and gaming the system

A scan of the increasingly negative PR on orphan drugs shows a number of articles centered around mainstream drugs that have been repurposed for orphan
populations. More than 450 drugs have been approved since the enactment of the Orphan Drug Act in 1983. Of these 73 or around 16% have previously been
marketed for the masses and then repurposed for orphan drug populations where they were subject to very significant price increases. Furthermore, a number of
drugs that were first approved in an orphan indication were originally developed for mainstay diseases (but ultimately failed in these 1nd1cat10ns) This begs the
question is the repurposing of mainstay drugs for orphan indications simply “gaming” the orphan drug incentives, and thus further highlighting “bad actors” in the
drug pricing debate.

In our view, in the majority of cases, the answer is no — far from it. A vibrant orphan drug industry requires commercial, as well as regulatory incentives (see
below). Commercial incentives mean financial compensation that is proportional to the risks taken in the development of the drug. For the vast majority of
repurposed orphan drugs the scientific and monitory risk was not materially changed just because the drug has been used or developed in a previous mainstay
indication. A prime historical example being thalidomide, which was originally introduced for morning sickness in the late 1950s with the much now documented
side effects that resulted in its withdrawal from the market in the 1960s. But without the pioneering work and investment by Celgene (scientific credit to Judah
Folkman), Thalomid would have not been developed for hematological cancers. Indeed Thalomid is the bedrock for the IMiD-lead paradigm shift in living with,
rather than dying of, multlple myeloma (yes, the next IMiD, Revlimid, is now the gold standard but is unlikely to have been developed if not for Thalomid — a
prime example of a “stepping-stone orphan drug” as discussed above) There are more recent examples of mainstream drugs being developed in orphan
indications with the highest quality science, development and financial resources being deployed with the aim of treating truly debilitating diseases - e.g. Ovid’s
OV101 for the potential treatment of Angelman and Fragile X syndrome formally known as Lundbeck’s Gaboxadol that was originally developed as an insomnia
drug in the 1990s.
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Feedback #4 on Principled Drug Pricing Report: Orphan Drug Pricing — Unlikel

to be Left Alone in the Current Drug Pricing Debate (5/5)

The majority of the emerging bad PR around orphan drugs is where there has been (arguably/optically or in reality, depending on your view) modest new R&D
investment in the orphan element for a low cost (frequently generically available) mainstream drug. This type of ultra-orphan drug results in pricing (and financial
reward) that is asymmetric to the risks and costs of development and arguably should indeed be a focus for the public, regulatory bodies and the biopharma
industry itself. The key to any resulting changes should be not to discourage, but rather encourage, the development of “true value-added repurposed” ultra-
orphan drugs.

The future of the ultra-orphan drug industry — is modernization of the 1983 Orphan Drugs Act needed?

There is no doubt that the 1983 enactment of the Orphan Drug Act and its concomitant incentives (e.g. research grants, a 50% tax credit for development costs,
seven years of market exclusivity and waived regulatory fees) acted as a significant founding catalyst for the orphan drug industry. Arguably the next biggest
catalyst was in the mid-90s and the pioneering business model of Genzyme, and its then CEO Henri Termeer, who in the words of another biotech hero* (Stelios
Papadopoulos/The Godfather) “showed us how to build a business by treating rare diseases, in the process creating a new pricing paradigm but making sure no
patient was left untreated because of a financial hardship”. The point here being that both regulatory incentives and commercially tenable business model
incentives were needed to create the vibrant orphan drug industry we have today. (* for further “Biotech hero’s please refer to slide 76 from our original deck
"Principled Drug Pricing Centered on Innovation and Choice: Part 1" (link) in November 2016).

Returning to some thoughts about the original 1983 Orphan Drug Act, given the incentives laid out in the Act, it was clear that these were based on the broad
assumptions, including (a) many/most orphan drugs would be repurposed mainstream drugs - hence the orphan exclusivity, and (b) orphan drugs were unlikely to
be commercially incentivized drugs - hence the tax credit and waived regulatory fees. As discussed throughout this report, the orphan drug industry has come a
long way over the last 34 years, with most orphan drugs being novel, most of them (ultimately) treating more than 200,000 patients, and the industry having an
attractive commercial entity (arguably more attractive than “mainstay” drugs). This begs the question of should we see a modernization of the Orphan Drug Act
to better address the current ultra-orphan drug market. For example, a focus on true ultra-orphan diseases and longer exclusivity periods for “true value-added
repurposed” ultra-orphan drugs (with the possible swapping out of the tax incentives/ waived regulatory fees).

Finis.

We welcome comments and questions to the coordinating author, Ravi Mehrotra (mehrotra@mtspartners.com) and/ot to any of the Partners at
MTS.
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US Ultra-Orphan and Orphan Spend in 2016 vs 2022

2016 Total US Drug Spend = $292B 2022 US Total Drug Spend = $422B

1st_5th 6th_10th 1st_5th 6th_10th
G s18.98) (334B)  (519.2B)
Total Orphan
Total Orphan Ultra ($115B)
($63B)
Ultra (529B)

v

($17B)
1%

Source: Evaluate Pharma and MTS analysis. “Ist-5th” and “6th-10th” represent the respective cumulative revenues from the top 10 selling drugs in the US
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Top 20 US Orphan Drugs in 2016 by Sales

Revenue per Patient vs. Number of Patients Treated
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Source: IMS, Evaluate Pharma and MTS analysis
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Top 20 US Ultra-Orphan vs Orphan Drugs in 2016 and 2022

2016 2022

Ultra-Orphan Orphan Ultra-Orphan Orphan

Product Revenue Product Revenue il Product Revenue Product Revenue
Soliris 1,108 Revlimid 4,417  Orkambi 2,355 Revlimid 9,729
Orkambi 903 Rituxan 3,970  Soliris 2,288 Keytruda 4,257
Sandostatin LAR 853 Copaxone 3,479  Uptravi 1,375 Opdivo 4,146
NovoSeven 793 Opdivo 2,664  Ofev 1,286 Imbruvica 4,091
Norditropin 668 Avonex 1,675  Ocaliva 1,162 Darzalex 3,552
Cinryze 639 Imbruvica 1,580  Spinraza 894 Orkambi 2,355
Ofev 588 Sensipar 1,240  Opsumit 843 Soliris 2,288
Advate 586 Gleevec 1,214 Sandostatin LAR 808 Jakati 2,080
Esbriet 578 Velcade 1,117  Epidiolex 662 Pomalyst 1,654
Opsumit 532 Xyrem 1,110  Eloctate 625 Axicabtagene Cilc 1,529
Firazyr 511 Soliris 1,108  Advate 622 Xyrem 1,476
Pulmozyme 481 Alimta 1,101  Somatuline 615 Yervoy 1,462
Exjade 447 Rebif 1,083  Pulmozyme 578 Uptravi 1,375
Eloctate 445 Sprycel 969  Norditropin Simg 574 Avonex 1,324
Promacta 436 Orkambi 903  Fabrazyme 552 Rituxan 1,317
Remodulin 422 Sandostatin LAR 853  Prolastin-C 493 Ofev 1,286
Kalydeco 400 Jakafi 853  Kalydeco 463 GAZYVA 1,243
Fabrazyme 382 Letairis 819  Natpara 463 Ocaliva 1,162
Prolastin-C 335 Yervoy 802  LentiGlobin 425 Adcetris 1,121
Promacta 310 NovoSeven 793  Orenitram 411 Niraparib 1,091

Source: Evaluate Pharma and MTS analysis
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Top 10 Orphan Drugs with Potential to be Approved in 2017

Ranked on Sales in 2022

Product Company Phase Strategy Class Sales 2022 (m$)
Niraparib Tesaro Filed In-licensed PARP inhibitor 1,794
Axicabtagene ciloleuce Kite Pharma Filed In-licensed Anti-CD19 CAR'T 1,699
Emicizumab Roche Phase 111 In-licensed Anti-factor Ixa/X bispecific mAb 1,456
Tremelimumab AstraZeneca Phase III In-licensed Anti-CTLA4 mAb 1,289
Lanadelumab Shire Phase 111 Acquisition Anti-plasma kallikrein mAb 1,094
SD-809 Teva Filed Acquisition VMAT?2 inhibitor 1,019
LentiGlobin bluebird boi Phase IIT Organic Haemoglobin gene therapy 969
Acalabrutinib AstraZeneca Phase IIT In-licensed BTK inhibitor 968
CTLO19 Nowvartis Phase I In-licensed Anti-CD19 CAR'T 917
Veliparib AbbVie Phase 111 Organic PARP inhibitor 854

Source: Evaluate Pharma and MTS analysis
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We All Know Tech Heroes, What About Biotech Heroes Who Actually
Contributed to Saving and Improving Quality of Life?

. Herbert Boyer & Staneley Cohen - inventors of recombinant
Sergei Brin and Lacty RagS i DNA technology, which launched biotechnology as we know it

. . Robert Langer - MIT Professor - pioneer in tissue engineering and
Steve Case — cofounderoi drug delivery and founder of numerous biotech companies

Arthur Levinson — former CEO Genentech — accredited with

ack Dorsey — cofounder of Twitter i . . .
J ¥ turning around Genentech with launch of Rituxan and Herceptin

Stelios Papadopulos - Chairman of Biogen, Exelixis, Regulus —

Bill Gates — founder of Microsoft . U ; .
scientist, analyst, “godfather” of biotech banking and mentor

William Rastetter - as a CEO of IDEC he was instrumental in the

Steve Jobs and Steve Wozniak — cofounders of Apple company’s decision t0 deve T

George Rathmann - former CEO of Amgen - accredited with

Pierre Omidyat “HOHSEE S teaching the biotech industry how to raise money and direct R&D

Len Schleifer/George Yancopoulos — CEO and CSO Regeneron

Sean Parker — creator of Napster and Facebook’s first President . ) i .
— building a leading company on leading science

Robert Swanson — cofounder of Genentech — VC who convinced

Peter Thiel and Elon MuskSStE Herbert Boyer that recombinant DNA had commertcial value

Craig Vi — f f Cell ics — fully led th
Mark Zuckerbetg — founder of Facebook raig Venter oum?ler of Celera Genomics — successfully led the
first complete sequencing of the human genome

Soutce: MTS analysis
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