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Symbol PCSA

Exchange NASDAQ

Current Price $10.89

52 week High $12.75

52 week Low $3.40

O/S ~15.5mm*

Market Cap est ~$168mm*

Average 
Volume (3M)

~50.1k

Cash ~$25mm*

Debt $0mm*

2Q 2021 PCS6422 Ph1b 
First Patient In

2Q 2021 PCS499 Ph2b 
First Patient In

3Q 2021 PCS6422 Ph1b 
Interim Data 
Release 

4Q 2021 PCS499 Ph2b 
Interim Data 
Release

FINANCIAL SUMMARY TABLE

KEY CATALYST DATES

*pro forma estitmate; inclusive of recent 
raise of $10.2mm, prior raise of $19.2mm 
and 1/11/21 corporate presetntaion

We believe through clinical success with their lead assets, PCS6422 and 
PCS499, Processa can achieve a market cap of >500mm by 2023, reflecting a 

nearly 3x multiple from its recent share price of $10.89 (2/19/21).

Encode Ideas L.P. is initiating coverage on Processa Pharmaceuticals as a high 
conviction idea.  Processa’s pipeline is constructed of development-stage 
assets that have substantial legacy human data, where the company believes 
a new approach (dosing, indication, trial design, etc.) can unlock latent 
value.  Processa’s management (David Young, Questcor) and board (Khalid 
Islam, Gentium, and Fennec) have a history of successful drug reclamation 
projects. The company’s lead asset, eniluracil or PCS6422, was a GSK 
drug that has been studied in over 1,500 cancer patients, where Processa 
believes slight changes to the dosing regimen and study design can address 
previous shortcomings.  The other pipeline product of note, PCS499, comes 
from Concert Pharmaceuticals, where it was studied in Ph2 for diabetic 
nephropathy, but Processa believes it is better suited for a rare dermatology 
indication, Necrobiosis Lipoidica (NL).  We are enthusiastic about both assets, 
in particular PCS6422, and feel if there is latent value in either or both, this is 
the team that can unearth it.

PCS6422 is a potent and irreversible inhibitor of DPD, an enzyme responsible 
for the rapid metabolization and degradation of one of the most commonly 
used chemotherapies, 5-FU.  5-FU, and its oral prodrug form, capecitabine 
(Xeloda®, Roche), are mainstay therapies for the management of colorectal 
and breast cancer, but their bioavailability and tolerability are negatively 
impacted by the presence of DPD. Knocking down DPD, by dosing PCS6422 
with capecitabine, should dramatically dramatically reduce the efficacious 
dose of capecitabine while improving tolerability, and potentially efficacy.  
We believe Processa poured over the legacy data and regulatory interactions 
and concluded that a different dosing regimen and pivotal study design, can 
unlock the significant latent value of PCS6422. Their clinical path starts with a 
Ph1b study, with PCS6422 in combination with capecitabine in patients with 
advanced GI cancers, scheduled to start imminently. We will be watching 
for positive signs from this study throughout 2H21, validating Processa’s 
PCS6422/capecitabine dosing strategy, and early signs of improved safety. 
We believe the Ph1b study is a major de-risking event for Processa, paving a 
path to a late-stage, potentially pivotal study, in early-23. Processa is initially 
focused on colorectal cancer, but with capecitabine widely used in other 
cancers, most notably breast, the addressable market potential for PCS6422 
could be much larger. 

PCS499, an oral small molecule, is a deuterated analog of one of the major 
metabolites of FDA-approved pentoxifylline (PTX or Trental®, Sanofi). 
Approved for intermittent claudication, there are anecdotal reports of 
high-dose PTX working for NL, a rare skin disorder with no FDA-approved 
products.  Processa has secured orphan drug designation for PCS499 in 
NL, cleared an IND, and generated a small, albeit encouraging, amount of 
data in a Ph2a study in patients with severe, ulcerative NL (uNL).  Processa 
will be initiating a placebo-controlled Ph2b study 1H21 in uNL patients and 
has guided interim data could be available as soon as 4Q21.  Success in the 
upcoming Ph2b study should allow Processa to move into a single pivotal 
Ph3 study by 1H23.
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Later this year, investors should get their first look at whether PCS6422 and 
PCS499 are performing as expected. More conclusive data will then be 
available throughout 2022, determining whether either, or both, assets has 
a viable path to Ph3.  We believe both assets have a good chance of success 
in their upcoming studies, with more conviction weighted towards PCS6422, 
given the bounty of legacy data.  In our opinion, Processa, with two clinical 
assets for unaddressed markets, and several data catalysts in 2H21 and into 
2022, is very affordable at its current ~$170mm market cap. We believe 
by 2023, Processa could have one, or more, programs in Ph3, warranting a 
substantial bump in valuation, which we estimate to be >$500mm.

5-FU - The History

Fluorouracil (5-FU) is a fluoropyrimidine chemotherapeutic agent used 
in the treatment of a wide variety of malignancies. 5-FU is a cornerstone 
treatment for many different types of cancers, most notably, colorectal and 
breast, either as monotherapy or in combination with other chemotherapy 
agents (estimated two million patients annually).  Originally 5-FU was 
developed and administered as an IV bolus however, in the U.S., preferences 
for 5-FU administration gradually shifted from IV bolus injection to infusion 
via a pump. Since 5-FU exhibits poor absorption in the gastrointestinal 
(GI) tract when administered orally, prodrugs such as capecitabine have 
been developed to provide a more convenient alternative to IV 5-FU 
administration.  The various modes of administration are all efficacious, but 
have different tolerability profiles; 

•	 Bolus 5-FU: prone to hematological side effects, inconvenient

•	 IV Infusion 5-FU: improved hematological profile vs bolus, but higher 
incidence of GI issues and HFS, inconvenient

•	 Oral 5-FU: improved hematological profile vs bolus, but higher incidence 
of GI issues and HFS, very poor bioavailability, convenient

•	 Capecitabine:  improved hematological profile vs bolus, improved 
GI issues vs oral, higher incidence of HFS vs bolus, infusion and oral, 
convenient

PCS6422 - The Need

Processa is developing PCS6422, a DPD inhibitor, in combination with FDA-
approved capecitabine, for the treatment of metastatic colorectal cancer 
(mCRC). DPD is responsible for the rapid metabolization and degradation of 
5-FU leading to poor bioavailability. DPD’s metabolism of 5-FU also produces 
the metabolite F-BAL, which is implicated in a painful side effect, hand-foot 
syndrome (HFS), in >50% of capecitabine treated patients. HFS can range 
from mild to moderate (grade 1 & 2), with symptoms including redness, 
swelling, and burning, to severe (grade >2), with symptoms escalating 
to include blistering, ulceration, and difficulty using extremities. HFS is a 
leading cause of dose reduction, treatment interruption, and treatment 
discontinuation with capecitabine. There is strong mechanistic rationale, and 
supporting clinical data, that DPD inhibition can reduce the incidence and 
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severity of HFS in patients taking capecitabine.

The interpersonal variability of endogenous DPD levels can lead to life-
threatening toxicities from 5-FU treatment. For most patients, high 5-FU 
doses (capecitabine is dosed up to 4,000 mg/day), are needed to overcome 
degradation by DPD and ensure sufficient drug is on-board to exert its 
anti-tumor effect.  However, for the 3-7% of the population that are DPD 
deficient, producing little to no enzyme, standard 5-FU doses can be lethal.  
In fact, in 2015, FDA approved Vistogard for the emergency treatment of 
5-FU overdoses, to address DPD deficiency.  On the other end of the DPD 
spectrum, there are data suggesting patients that overexpress DPD are likely 
to be refractory to all forms of 5-FU treatment.  So whether it’s HFS caused by 
DPD’s production of F-BAL, the risk of life-threatening toxicities due to DPD 
deficiency, or the overexpression of DPD preventing 5-FU from working, it is 
apparent there is a medical need to appropriately manage DPD levels when 
using 5-FU.

PCS6422 is a potent and irreversible inhibitor of DPD, that can virtually 
eliminate DPD production for up to 2 weeks with one dose. The proposed 
benefits of combining a DPD inhibitor with 5-FU treatment include; 
(1) predictable 5-FU dosing by eliminating interpersonal variability of 
endogenous DPD (2) significantly lower doses of 5-FU required due to 
improved bioavailability (3) improved tolerability, notably lower incidence of 
HFS and potentially other side effects (4) improved patient outcomes - tumor 
response and survival.  Processa have reviewed the substantial legacy data on 
PCS6422, including two Ph3 mCRC studies (GSK) and a large Ph2 metastatic 
breast cancer (MBC) study (Adherex/Fennec), and believe they know where 
these companies erred in their development, and what needs to be done to 
revitalize the asset.

PCS6422 - The History

GSK completed two Ph3 studies in mCRC with PCS6422 dosed concurrently 
with oral 5-FU (not the prodrug), and took an New Drug Application (NDA) to 
FDA’s doorsteps before opting not to file.  Their large >900 patient U.S. study 
showed that oral PCS6422/5-FU vs I.V. 5-FU/Lv (leucovorin, commonly dosed 
with 5-FU) did not meet the protocol-specified definition of equivalence on 
overall survival (OS). Although the study did not achieve its primary endpoint 
of statistical equivalence on OS, it did show PCS6422 dosed concurrently 
with 5-FU was not statistically inferior and generally better tolerated than the 
I.V. control arm (see table below). GSK, encouraged by these findings, held a 
pre-NDA meeting with FDA, but based on the Agency’s feedback, opted not 
to develop PCS6422 further.

Results of the North American Pivotal Phase III Trial Colorectal Cancer
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Arm Evaluated 
patients

CR 
n (%)

PR 
n (%)

SD 
n (%)

CR + PR + 
SD n (%)

Median PFS Days

EU/5-FU/Lv 74 1 (1) 18 (24) 38 (51) 57 (77) 125

Xeloda 61 0 (0) 18 (30) 27 (44) 45 (74) 126
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*Although considerably less toxic, oral EU/5-FU produced less antitumor activity 
tham iv 5-FU/leucovorin

Adherex Technologies (renamed Fennec Pharmaceuticals in 2014) acquired 
PCS6422 in 2004.  Adherex believed, based on new preclinical findings, that 
dosing PCS6422 simultaneously with 5-FU, as GSK had done in their large 
Ph3 colorectal cancer studies, could be attenuating the anti-tumor effects 
of 5-FU.  The company adopted a dosing schedule to minimize the ratio of 
PCS6422 to 5-FU by giving PCS6422 12-18hrs before the first dose of 5-FU.  
This new dosing regimen was put to the test in a Ph2 MBC study powered to 
show the superiority of PCS6422/5-FU/Lv (dosing PCS6422 the day prior to 
oral 5-FU) vs monotherapy capecitabine on progression-free survival (PFS).  
The study was stopped early, based on the assumption that it would not 
reach the statistical threshold for superiority, although the interim data (see 
table below) clearly demonstrated the two arms had similar efficacy. Adherex, 
by this time known as Fennec, divested PCS6422 to Elion Oncology in 2016.

Arm 1: EU/5-FU/Lv vs Arm 2: Xeloda 

*Adherex Technologies 2013 Corporate Presentation

Although the ownership of PCS6422 has changed hands several times, the 
rationale for its development has not - knocking down DPD should improve 
the bioavailability, tolerability, and potentially efficacy of 5-FU.  We need to 
look no further than the existence of Vistogard as evidence of the important 
role, and risk, DPD plays when using 5-FU. In Europe and Japan, a fixed-dose 
combination that includes an oral 5-FU prodrug and a DPD inhibitor has 
been approved for years.  Developed by Otsuka Pharmaceuticals, and known 
as Teysuno, S-1, or TS-1, it includes the reversible DPD inhibitor, gimeracil. As 
a reversible DPD inhibitor, gimeracil must be dosed concurrently with 5-FU. 
To the best of our knowledge, the development of Teysuno/S-1/TS-1 in the 
United States is not being actively pursued.

PCS6422 - The Path Forward

As described above, the medical need for DPD inhibition while using 5-FU 
is clear, the path to approval less so.  In early 2020 Elion met with FDA and 
subsequently filed a new IND for PCS6422 in combination with capecitabine 
for the treatment of mCRC.  Processa acquired PCS6422 in October 2020, 
so they were clearly comfortable with the FDA meeting minutes from Elion 
and believe there is an efficient clinical and regulatory path forward. Our 
assumption is that a potential pivotal study design was discussed with 
FDA that likely included a primary safety endpoint of HFS and either a co-
primary or secondary efficacy endpoint (likely objective response rate or 
PFS) powered for non-inferiority.  This study design would have the highest 
probability of success, and arguably lowest regulatory hurdle. We would also 
highlight that Teysuno was approved by the European Medicines Agency 
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(EMA) based on a non-inferiority endpoint vs 5-FU.

The study design and path to approval for PCS6422 outlined above 
is our base case, but in our opinion there is also a best case scenario 
possible, whereby PCS6422/capecitabine demonstrates superior efficacy 
vs. monotherapy capecitabine. Both GSK and Adherex were developing 
PCS6422 with oral 5-FU, which is known to have poor GI tolerability 
(predominantly diarrhea) as a common dose-limiting toxicity (DLT).  Adherex 
used a daily dose of 30mg/m2 of oral 5-FU in their Ph2b MBC study. 
However, Grem at al, has published data showing that drug exposure (area 
under the curve) of ~30mg/m² oral 5-FU dosed after PCS6422 was only 60% 
of a standard I.V. 5-FU dose. These data would imply that historical studies 
have used suboptimal oral 5-FU doses when in combination with PCS6422.  
Even with suboptimal dosing, Adherex was able to show that PCS6422 
when dosed with 30mg/m² oral 5-FU had similar efficacy to monotherapy 
capecitabine.  Processa has wisely abandoned oral 5-FU in their development 
plans, focusing instead on combining PCS6422 with capecitabine. By using 
capecitabine instead of oral 5-FU, the GI related DLTs that limited dose for 
Adherex and GSK, shouldn’t be as prevalent, allowing Processa to push 
capecitabine dosing to optimal levels. This would lead us to the conclusion 
that if PCS6422 combined with suboptimally dosed oral 5-FU demonstrated 
equivalence to capecitabine, there is a distinct possibility that PCS6422 
combined with an optimized dose of capecitabine, could show superior 
efficacy. 

There is also a growing amount of clinical data correlating DPD levels 
and clinical response, whereby low-DPD levels are predictive of favorable 
outcomes and high-DPD levels poorer outcomes.  Adherex’s Ph2b MBC 
study provides some relevant clinical insight to arguably support this DPD 
thesis. In that study 10 patients on the capecitabine monotherapy arm who 
rapidly progressed (tumor progression at their first scan - approx 45-days) 
crossed over to the PCS6422 arm.  Of this group of crossover patients, 9 
experienced disease control (3 complete responders, 6 stable disease) on 
the PCS6422/5-FU/Lv regimen.  This is quite a remarkable finding, given 
the active chemotherapy, 5-FU, remains basically the same between the two 
arms. DPD overexpression is the likely explanation for this finding, whereby 
patients with high intra-tumoral DPD levels are resistant to capecitabine 
due to poor 5-FU bioavailability, but once crossed over, DPD levels are 
dramatically reduced with PCS6422, improving the bioavailability of 5-FU, 
allowing it to exert its antitumor benefit.  

We think PCS6422/capecitabine could show superior efficacy to capecitabine 
monotherapy in a pivotal study. If this were the case, the peak sales potential 
for PCS6422 would be materially higher than under a scenario where HFS 
and non-inferiority were the Ph3 outcome. Superiority versus capecitabine 
would compel PCS6422’s use and allow for premium pricing, potentially 
seeing PCS6422 achieve peak sales close to that of capecitabine, which 
flirted with $2b.

Processa will be initiating a Ph1b study with PCS6422 in combination with 
capecitabine imminently.  The company hasn’t disclosed details of the 
study yet, but we can infer a few details from their corporate presentation 
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and regulatory filings.  The Ph1b will dose escalate capecitabine, starting 
at very low doses, after pre-dosing with PCS6422 a day earlier. Based on 
published preclinical data, and comments in their SEC filings, where Processa 
references up to 14-days of DPD inhibition with one dose of PCS6422, it 
seems apparent that PCS6422 will be dosed bi-weekly, while capecitabine 
will be dosed 7-days on, 7-days off.  Processa believes the Ph1b study should 
validate that pre-treatment with PCS6422 leads to; (1) substantially lower 
maximum tolerated dose (MTD) compared to standard capecitabine dosing 
(2) improved PK, notably improved 5-FU exposure and reduction in F-BAL (3) 
improved capecitabine tolerance, most notably lower incidence of HFS (4) 
tumor response data in-line, or better, than historical capecitabine efficacy in 
the GI cancer setting.  

We expect the first look at the Ph1b data will be 4Q21 once MTD of 
capecitabine has been determined. In addition to MTD, important PK 
data should be available in the 2H21, including PK levels of 5-FU and 
its metabolites.  If at MTD, Processa sees levels of 5-FU and its desirable 
metabolites, that are reflective of an efficacious dose, while also seeing lower 
levels of undesirable metabolites, most notably F-BAL, that are reflective 
of better tolerability, then investors can likely infer that PCS6422 is working 
as expected.  We anticipate safety and efficacy data in 1H22, from a larger 
cohort of patients enrolled at MTD.

PCS499

Processa is developing PCS499, a deuterated (hydrogen atoms are 
substituted by deuterium atoms) analog of one of the major metabolites of 
FDA-approved pentoxifylline (PTX), for the treatment of Necrobiosis Lipoidica 
(NL).  NL is a chronic skin disorder caused by collagen degeneration that is 
characterized by asymptomatic yellowish-brown plaques on the skin, often 
on the lower extremities (shins).  In more severe cases, ulceration can occur, 
often due to minor contact trauma. Processa estimates there are upwards of 
50,000 NL patients in the U.S. with ulcers (uNL).  There are currently no FDA-
approved treatments for NL.  Processa has received orphan drug designation 
for PCS499 for the treatment of NL.

There are anecdotal reports of high-dose PTX (1.2g/day) being effective 
for the treatment of NL. As a deuterated analog of PTX, Processa believes 
PCS499 could be safely given at even higher doses, up to 1.8g/day.  The 
company recently completed an open-label Ph2a study with PCS499 in 
12 NL patients.  Although the final study data haven’t been published or 
reported yet, Processa has disclosed that PCS499 was well tolerated at 1.8g/
day, characterizing all side effects as mild.  Of the 12 patients treated, 2 
patients with uNL experienced complete closure of their wounds while on 
PCS499.  The remaining 10 patients, with less severe NL and no ulceration, 
experienced limited improvement with PCS499 treatment.  

After meeting with FDA in 2020, Processa is planning on initiating a 
randomized placebo-controlled Ph2b study with PCS499 in patients with uNL 
in 1H21.  We don’t have any additional information on the study design at this 
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time, but assume it will follow a similar dosing regimen as the earlier Ph2a, 
with a 6-month treatment period (PCS499 1.8g/day or placebo), followed by 
an open-label extension period.  The primary endpoint will almost certainly 
be the percentage of patients with complete wound closure, PCS499 vs 
placebo.  Processa has suggested that an interim data look could occur by 
4Q21.  If Processa generates positive data with PCS499 in uNL, we believe 
FDA should be amenable to an efficient single Ph3 registrational study path.  
Although uNL is a niche indication, the broader wound healing market is 
enormous, and success in uNL with PCS499, could open up the possibility of 
Processa pursuing larger wound indications in the future.

Deeper Pipeline

Processa in-licensed an 5-HT4 agonist from Yuhan Corporation last year.  
Now known as PCS12852, Processa believes this asset has potential for the 
treatment of GI motility disorders. Initial human data generated by Yuhan, 
demonstrated the safety of PCS12852 and some early signs of efficacy with 
improved gastric emptying rate.  Processa plans to meet with FDA shortly to 
discuss Ph2 plans for PCS12852.  We would expect clearance of an IND for 
PCS12852 and initiation of a Ph2 study, likely in gastroparesis, by mid-21. 

Leadership

David Young, PhD, PharmD, CEO of Processa, was a board member (2006-
2009) and Chief Scientific Officer (2009-2014) of Questcor Pharmaceuticals, 
where he played an integral role in modernizing the Acthar Gel label and 
obtaining FDA approval for infantile spasms. In 2014 Questcor was acquired 
by Mallinckrodt for $5.8b. Over his career he has been a key team member 
on more than 30 NDA/supplemental NDA approvals. We believe Dr. Young’s 
extensive experience interacting with FDA on pivotal study designs and 
challenging approvals / label expansions will be a valuable attribute as 
Processa advances its pipeline, in particular, PCS6422 into Ph3.

We would also highlight Khalid Islam, PhD, who joined the board shortly 
after the 2020 Nasdaq uplist.  Dr. Islam is an advisor to the venture group 
Kurma Biofund (Paris). He is currently the Chairman of the board at Fennec 
Pharmaceuticals Inc. (Nasdaq: FENC), Gain Therapeutics Inc., Minoryx 
Therapeutics SL and Immunomedics Inc. (Nasdaq: IMMU), which was recently 
acquired for $21b by Gilead Sciences (Nasdaq: GILD). Dr. Islam was the 
chairman and CEO of Gentium S.p.A. (Nasdaq: GENT; 2009-2014) where 
he led its transition to a profitable company that subsequently sold to Jazz 
Pharmaceuticals (Nasdaq: JAZZ) for $1b. We believe Dr. Islam’s experience 
shepherding Gentium’s lead asset, defibrotide, through EMA approval, 
after an earlier regulatory rebuff, could be valuable to Processa in its future 
regulatory interactions.
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Financial Considerations

Processa listed on Nasdaq in October 2020, after completing a $19.2mm 
financing at $4.00. They recently raised an additional $10.2mm at $7.75.  We 
estimate the company has pro-forma cash of ~$25mm. They have guided 
that their current treasury will see them into 2023.  After their recent raise, 
Processa has approximately 15.5mm shares outstanding. Insider ownership is 
~25%, and Manchester Management (and its partners), a fund we know well, 
own ~10%.  We suspect once the company starts delivering data from their 
studies with PCS6422 and/or PCS499, that deeper science funds will begin to 
participate.

Notable Risks

Notable risks to our investment thesis include; (1) clinical setbacks in 
either or both of Processa’s clinical programs (PCS6422 and PCS499) (2) 
COVID-19 related risks, most notably study delays, and risk to data integrity 
(3) regulatory issues, whereby FDA requires additional studies beyond the 
efficient clinical path(s) we have elucidated above  (4) competitive risk, 
more relevant for PCS6422, where new technologies could erode the 5-FU/
capecitabine market (5) capital market issues, whereby capital becomes 
challenging and/or excessively expensive to access. 
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Executive Summary

Processa Pharmaceuticals is a clinical stage biopharmaceutical company focused on the development of drug 
products that are intended to provide treatment for and improve the survival and/or quality of life of patients who 
have unmet medical needs or conditions and for whom there are no alternative treatments. 

Processa’s pipeline includes three potential drug candidates: 

-- PCS6422 - for metastatic colorectal cancer and breast cancer, 
-- PCS499 - for ulcerative necrobiosis lipoidica, and 
-- PCS12852 - for gastrointestinal motility/gastroparesis.
--

The potential market for each of these products is estimated to be in excess of $1 billion. 

PCS6422

Fluorouracil (5-FU) is a fluoropyrimidine chemotherapeutic agent used in the treatment of a wide variety of 
malignancies including gastric, pancreatic, breast, and colorectal cancer. In the body 5-FU is converted to 
three main active metabolites: fluorodeoxyuridine monophosphate (FdUMP), fluorodeoxyuridine triphosphate 
(FdUTP) and fluorouridine triphosphate (FUTP). For 5-FU to exert its effect it enters cells via a facilitated transport 
mechanism and is converted to FdUMP. FdUMP complexes with the enzyme thymidylate synthase, inhibiting the 
production of the compound deoxythymidine monophosphate (dTMP). dTMP is essential for DNA replication and 
repair, and depletion of this compound results in an imbalance of intracellular nucleotides leading to double-
stranded breaks in DNA by the enzyme endonuclease. In addition, 5-FU also serves as a pyrimidine analog by 
mis-incorporating into RNA and DNA in place of uracil or thymine. The overwhelming damage of DNA repair 
machinery caused by these mechanisms ultimately results in cell death of rapidly proliferating cells. 

Originally 5-FU was developed and administered as an IV bolus however, preferences for 5-FU administration 
gradually shifted to intravenous infusion. Orally administered 5-FU exhibits poor absorption in the gastrointestinal 
tract therefore, prodrugs such as Capecitabine have been developed to provide an alternative to intravenous 5-FU 
administration. 

More than 80% of intravenously administered 5-FU is metabolized by the enzyme dihydropyrimidine 
dehydrogenase (DPD) and is converted to dihydrofluorouracil (DHFU). DHFU is then converted into the soluble 
molecule 5-fluoro-βalanine and is eliminated in the urine. DPD activity is not constant in individuals and is 
thus one of the factors responsible for the inter- and intra-patient variability seen in the pharmacokinetic and 
pharmacodynamic outcomes of patients treated with 5-FU. 

The use of 5-FU carries the risk of severe adverse events in up to 30% of patients. One such adverse event is 
Hand-Foot Syndrome (HFS). HFS is a cutaneous adverse event that although not life threatening, can severely 
disrupt the daily lives of patients. In addition, HFS is a leading cause of treatment interruption, dosage reduction, 
or therapy discontinuation for patients on a Capecitabine regimen.

PCS6422 also known as Eniluracil, is an uracil analogue, which irreversibly inhibits DPD within one hour of 
administration. In the presence of PCS6422, bioavailability of 5-FU increases to approximately 100%, the half-life 
is prolonged to 4 to 6 hours, and systemic clearance is reduced > 20-fold to values comparable to the glomerular 
filtration rate. Renal excretion instead of DPD-related catabolism becomes the principal route of elimination of oral 
5-FU given with PCS6422. PCS6422 is neither toxic nor active as a single agent in animals, however, it potentially 
improves the antitumour efficacy and therapeutic index of 5-FU.

PCS6422 has been extensively studied. Early clinical trials suggested that the combination of 5-FU/PCS6422 was 
effective in treating several types of solid tumors with decreased toxicity including reductions in the occurrence 
and severity of HFS. However, despite promising Phase II data PCS6422 was abandoned after two large Phase III 
trials failed to demonstrate the equivalence of 5-FU/PCS6422 with 5-FU and Leucovorin. 

The two multicenter Phase III studies were conducted in patients with colorectal cancer and PCS6422 was 
administered in 10-fold excess to 5-FU. It is believed that the dose of PCS6422 used during these trials was not 
optimal, and that PCS6422 was not administered early enough to irreversibly affect the DPD enzyme. As a result 
The PCS6422 regimen tended to produce less antitumor benefit than the control arm utilizing the standard 
regimen of 5-FU and Leucovorin. Subsequent preclinical work suggested that when excess PCS6422 is present at 
the same time as 5-FU, it diminished the antitumor activity of 5-FU. Processa believes these data support further 
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exploring the dosing of PCS6422 several hours before 5-FU to allow its clearance before the administration of 
5-FU.

Processa has completed pharmacology, toxicology and manufacturing work on PCS6422 and are proposing 
to initiate a Phase 1b study to confirm the safety and PK of a fixed dose of PCS6422 with increasing doses of 
Capecitabine in patients with advanced gastrointestinal solid tumors. The study is expected to begin dosing 
patients in the first half of 2021 with the final report expected in the second half of 2022. Subsequently. Processa 
plans to initiate a Phase 2/3 study in the first half of 2023.

PCS499

PCS499 is an oral tablet that is a deuterated analog of one of the major metabolites of Pentoxifylline. Pentoxifylline 
is a methylxanthine derivative with potent hemorheological properties. It is used to improve blood flow in patients 
with circulation problems to reduce aching, cramping, and tiredness in the hands and feet. It works by decreasing 
the thickness (viscosity) of blood. This allows blood to flow more easily, especially in the small blood vessels of the 
hands and feet. In the U.S. Pentoxifylline is marketed for the treatment of intermittent claudication but is also used 
to treat leg ulcers, strokes, high-altitude sickness, eye and ear disorders, and sickle cell disease and to treat pain 
from diabetic neuropathy.

PCS499 metabolizes qualitatively to the same active moieties as Pentoxifylline but quantitatively has different 
amounts of these metabolites. An issue with Pentoxifylline is that it has dose limiting side effects which can limit 
its use. However, preclinical and clinical evidence indicate that PCS499 may have less side effects compared to 
Pentoxifylline which may allow for higher doses to be administered.

Necrobiosis lipoidica is a chronic, disfiguring condition affecting the skin and tissue under the skin typically on the 
lower extremities. Necrobiosis lipoidica presents more commonly in women than in men and occurs more often 
in people with diabetes. Ulceration occurs in approximately 30% of necrobiosis lipoidica patients, which can lead 
to more severe complications, such as deep tissue infections and osteonecrosis. Currently there are no approved 
treatments for necrobiosis lipoidica in the United States.

Processa has chosen ulcerative necrobiosis lipoidica as PCS499’s first indication and has obtained orphan 
designation. In a small study, necrobiosis lipoidica patients tolerated PCS499 well and at greater doses than 
Pentoxifylline. In addition, two patients with necrobiosis lipoidica ulcers had complete closing of all their original 
wounds.

Processa is currently planning a Phase 2B study of PCS499 which is scheduled to start dosing necrobiosis lipoidica 
patients during the first half of 2021,  with an interim analysis in the fourth quarter of 2021, and the final report for 
this trial is expected in the second half of 2022.

PCS12852

PCS12852 is a novel, potent and highly selective 5-hydroxytryptamine 4 (5-HT4) receptor agonist. Other 5-HT 
receptor agonists with less 5-HT4 selectivity have been shown to successfully treat gastrointestinal motility 
disorders such as chronic constipation, constipation-predominant irritable bowel syndrome, functional dyspepsia 
and gastroparesis. Less selective 5-HT4 agonists have been either removed from the market or not approved 
because of the cardiovascular side effects associated with the drugs binding to other 5-HT receptors.

Two clinical studies have been previously conducted by Yuhan with PCS12852. In the first trial, the safety and 
tolerability of PCS12852 was evaluated after single and multiple oral doses in healthy subjects. PCS12852 
increased stool frequency with faster onset when compared to Prucalopride, an FDA approved drug for the 
treatment of chronic idiopathic constipation. Compared to the Prucalopride group, the PCS12852 dose groups 
showed higher stool frequency for 24 hours following single dosing and had faster onset of spontaneous bowel 
movements (SBMs) with comparable or relatively higher Bristol Stool Form Scale score (lower stool consistency) 
for 24 hours following first dosing. All doses of PCS12852 were safe and well tolerated and no serious adverse 
events occurred during the study. The most frequently reported adverse events were headache, nausea and 
diarrhea which were temporal, manageable, and reversible within 24 hours. There were no clinically significant 
changes in platelet aggregation or electrocardiogram parameters including no sign of QTc prolongation in the 
study. 

The second study conducted was a trial to evaluate the safety, tolerability, pharmacokinetics, and 
pharmacodynamics of PCS12852 immediate release formulation and delayed release formulation after 
multiple oral doses. PCS12852 was safe and well tolerated after single and multiple administrations. The most 
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frequent adverse events for both the immediate and delayed release formulations were headache, nausea, and 
diarrhea, but the incidences of these adverse events were comparable with those of the Prucalopride group. 
Both formulations of PCS12852 showed pharmacologic activity as assessed using various pharmacodynamic 
parameters for stool assessment.

Processa is currently planning a Phase 2A study of PCS12852 which is scheduled to start dosing patients during 
the second half of 2021. The final report for this trial is expected in 2023.

Conclusion

In conclusion, Processa is developing three potential assets with indications that have a market size estimated 
to be in excess of $1 billion each. Clinical trials involving each asset are expected to begin in either the first half 
(PCS6422 and PCS499) or second half of 2021 (PCS12852).  
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1	 Introduction 

1.1	 Processa Pharmaceuticals

Processa Pharmaceuticals (Processa) is a clinical stage biopharmaceutical company focused on the development 
of drug products that are intended to provide treatment for and improve the survival and/or quality of life of 
patients who have unmet medical needs or conditions or for whom there are no alternative treatments available.
 
Processa’s developmental approach involves:

-- Identifying drugs that have potential efficacy in patients with an unmet medical need, as demonstrated 
by some clinical evidence that the targeted pharmacology of the drug provides clinical efficacy in the 
targeted patient population;

-- Identifying drug products that have been developed or approved for other indications but can be 
repurposed to treat those patients who have an unmet medical need; and

-- Identifying drugs that can be quickly developed such that within 2-4 years, critical value-added clinical 
milestones can be achieved while advancing the drug closer to commercialization.

Processa’s active pipeline currently includes three main assets: 

-- PCS6422 - which was in-licensed from Elion Oncology, Inc. for metastatic colorectal cancer and breast 
cancer, 

-- PCS499 - which was in-licensed from CoNCERT Pharmaceuticals, Inc. for ulcerative necrobiosis lipoidica, 
and 

-- PCS12852 - which was in-licensed from Yuhan Corporation for gastrointestinal (GI) motility/gastroparesis.

The potential market for each of these assets is estimated to be in excess of $1 billion (Figure 1). 

Figure 1 Processa Assets and Indications

(Processa Corporate Presentation January 2021)

Processa has provided guidance on the timelines for the development of each of their drug candidates. The 
timelines have been summarized in Figure 2 below. It is anticipated that during the first half of 2021 patient 
dosing of PCS6422 in a Phase 1B trial will be initiated. Likewise patient dosing of PCS499 in a Phase 2B study 
will also be started in the first half of 2021. The final reports for both trials are expected in the second half of 
2022. Patient dosing for a Phase 2A study of PCS12852 will be initiated in the second half of 2021, with the trial 
expected to be completed in 2023.
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Figure 2 Processa Program Timelines

(Processa Corporate Presentation January 2021)

2	 Discussion

2.1	 PCS6422

Fluoropyrimidines are the cornerstone of treatment for many different types of cancers, either as monotherapy 
or in combination with other chemotherapy agents (estimated two million patients annually). Fluorouracil (5-FU) 
is a fluoropyrimidine chemotherapeutic agent used in the treatment of a wide variety of malignancies. 5-FU is 
an analogue of uracil with a fluorine atom replacing the hydrogen atom at the C-5 position (Figure 3). Systemic 
use of 5-FU is United States (U.S.) Food and Drug Administration (FDA) approved for the treatment of gastric 
adenocarcinoma, pancreatic adenocarcinoma, breast carcinoma, and colorectal adenocarcinoma (Fluorouracil 
Injection, Prescribing Information). 

Figure 3 Chemical Structure of 5-FU

Although 5-FU in combination with other chemotherapeutic agents improves response rates and survival in 
breast, as well as head and neck cancers, it is in colorectal cancer (CRC) that 5-FU has had the greatest impact. 
5-FU-based chemotherapy improves overall and disease-free survival of patients with resected stage III CRC 
(IMPACT, 1995). Nonetheless, response rates for 5-FU-based chemotherapy as a first-line treatment for advanced 
CRC are only 10–15% (Johnston and Kaye, 2001). The combination of 5-FU with other chemotherapies such as 
IRINOTECAN (Irinotecan Injection, Prescribing Information) and OXALIPLATIN (Oxaliplatin Injection, Prescribing 
Information) has improved the response rates for advanced CRC to 40–50% (Giacchetti et al., 2000; Douillard et 
al., 2000).

In the body 5-FU is converted to three main active metabolites: fluorodeoxyuridine monophosphate (FdUMP), 
fluorodeoxyuridine triphosphate (FdUTP) and fluorouridine triphosphate (FUTP) (Figure 4). The main 
mechanism of 5-FU activation is conversion to fluorouridine monophosphate (FUMP), either directly by orotate 
phosphoribosyltransferase (OPRT) with phosphoribosyl pyrophosphate (PRPP) as the cofactor, or indirectly via 
fluorouridine (FUR) through the sequential action of uridine phosphorylase (UP) and uridine kinase (UK). FUMP 
is then phosphorylated to fluorouridine diphosphate (FUDP), which can be either further phosphorylated to the 
active metabolite fluorouridine triphosphate (FUTP) or converted to fluorodeoxyuridine diphosphate (FdUDP) by 
ribonucleotide reductase (RR). In turn, FdUDP can either be phosphorylated or dephosphorylated to generate 
the active metabolites FdUTP and FdUMP, respectively. An alternative activation pathway involves the thymidine 
phosphorylase (TP) catalysed conversion of 5-FU to fluorodeoxyuridine (FUDR), which is then phosphorylated by 
thymidine kinase (TK) to FdUMP (reviewed by Longley et al., 2003).
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Figure 4 Metabolism of 5-FU

(Longley et al., 2003)

For 5-FU to exert its mechanism of action it first enters cells via a facilitated transport mechanism and is converted 
to FdUMP (see above). FdUMP complexes with the enzyme thymidylate synthase, inhibiting the production of 
the compound deoxythymidine monophosphate (dTMP). dTMP is essential for deoxyribonucleic acid (DNA) 
replication and repair, and depletion of this compound results in an imbalance of intracellular nucleotides leading 
to double-stranded breaks in DNA by the enzyme endonuclease. In addition to inhibition of thymidylate synthase, 
5-FU also serves as a pyrimidine analog by mis-incorporating into ribonucleic acid (RNA) and DNA in place of 
uracil or thymine. The overwhelming damage of DNA repair machinery caused by these mechanisms ultimately 
results in cell death of rapidly proliferating cells (reviewed by Casale and Crane, 2020). 

The rate-limiting enzyme in 5-FU catabolism is dihydropyrimidine dehydrogenase (DPD), which converts 5-FU to 
dihydrofluorouracil (DHFU) (Diasio and Harris, 1989). DHFU is then converted into the soluble molecule 5-fluoro-
βalanine (F-BAL) and is eliminated in the urine (Figure 5). More than 80% of an intravenously (IV) administered 
dose of 5-FU is metabolized by DPD (Diasio and Harris, 1989; Peters et al., 1993). DPD activity is not constant in 
individuals and is thus a factor responsible for the inter- and intra-patient variability in the pharmacokinetic (PK) 
and pharmacodynamic (PD) outcomes of 5-FU treatment. 



16

Encode Ideas, L.P. 

 @encodelp

Figure 5 Catabolism of 5-FU

Intrinsic overexpression of DPD by malignant cells has been shown in vitro to extend resistance to 5-FU (Longley 
and Johnston, 2005). High levels of DPD messenger ribonucleic acid (mRNA) expression in CRC cells have also 
been associated with 5-FU resistance (Salonga et al., 2000). This has been demonstrated as an intrinsic mechanism 
of resistance, but available data is not yet conclusive on DPD as a means of acquired resistance. In addition, DPYD 
gene expression has been investigated as a biomarker of treatment resistance, but this has also not been shown 
to be clinically relevant (Yanagisawa et al., 2007; Vallbohmer et al., 2006).

Originally 5-FU was developed and administered as an IV bolus however, in the U.S., preferences for 5-FU 
administration have gradually shifted from IV bolus injection to infusion via a pump. Since 5-FU exhibits poor 
absorption in the gastrointestinal (GI) tract when administered orally, prodrugs such as Capecitabine have been 
developed to provide an alternative to IV 5-FU administration. 

Capecitabine is authorised for the treatment of patients with localised colon cancer, advanced CRC, abdominal 
cancer, and breast cancer. It is also standard treatment for patients with localised rectal cancer in combination with 
radiotherapy, patients who fail to achieve pathological complete remission following neoadjuvant chemotherapy 
for triple-negative breast cancer, and for other 5-FU-sensitive cancers (Capecitabine, Prescribing Information). 
Capecitabine is converted to 5-FU via a three-step enzymatic process, the final step of which is mediated by 
thymidine phosphorylase (Figure 6). Given this enzyme is overexpressed in tumor compared with normal tissue, 
Capecitabine derived 5-FU is preferentially generated within the tumor tissue, conferring relatively selective 
cytotoxicity to the tumor (Wan et al., 2006; Ciccolini et al., 2004; Miwa et al., 1998). 
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Figure 6 Metabolic Pathways of Capecitabine and Tegafur

(Yen-Revollo et al., 2008)

The use of 5-FU carries the risk of severe adverse events (SAEs) in up to 30% of patients (Mikhail et al., 2010; 
Meta-Analysis Group in Cancer et al., 1998). The oral pill (Capecitabine) has certain side effects that are different 
from the 5-FU IV administered version. Kadoyama et al. (2012) reviewed the safety profiles of IV 5-FU (Table 1) 
compared with oral Capecitabine (Table 2) using adverse event reports (AERs) submitted to the FDA’s Adverse 
Event Reporting System (AERS). 

Table 1 Adverse Events Most Frequently Associated with the Use of 5-FU

Adverse Event Number

Diarrhea 1076

Vomiting 774

Nausea 715

Dehydration 708

Neutropenia 658

Pyrexia 631

Febrile neutropenia 494

Abdominal pain 415

Pulmonary embolism 345

Mucosal inflammation 344

Asthenia 342
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Thrombocytopenia 328

Anemia 316

Hemoglobin decreased 312

Hypotension 306

Leukopenia 277

Sepsis 277

Decreased appetite 256

Pneumonia 252

White blood cell count decreased 251

N is the number of co-occurrences. Official Preferred Terms (PT) terms of MedDRA version 13.0 are 
listed. The total number of co-occurrences with 5-FU was 40,284, and 864 AEs were extracted as 
5-FU-associated AEs with 23,690 co-occurrences in total. The AEs were extracted when at least 1 of 
4 indices met the criteria: the proportional reporting ratio (PRR), the reporting odds ratio (ROR), the 
information component (IC), and the empirical Bayes geometric mean (EBGM).

(Kadoyama et al., 2012)

Table 2 Adverse Events Most Frequently Associated with the Use of Capecitabine

Adverse Event Number

Diarrhea 1790

Vomiting 843

Nausea 842

Dehydration 694

Death 626

Disease progression 500

Pyrexia 490

Palmar-plantar erythrodysaesthesia syndrome 456

Fatigue 386

Asthenia 385

Mucosal inflammation 325

Abdominal pain 305

Osteonecrosis 288

Decreased appetite 284

Neutropenia 276

Sepsis 244

Malignant neoplasm progression 242

General physical health deterioration 219

Pulmonary embolism 198

Hemoglobin decreased 191

N is the number of co-occurrences. Official PT terms of MedDRA ver. 13.0 are listed. The total 
number of co-occurrences with capecitabine was 34,928, and 802 adverse events were extracted 
as capecitabine-associated adverse events with 20,290 co-occurrences in total. The adverse events 
were extracted when at least 1 of 4 indices met the criteria: the proportional reporting ratio (PRR), 
the reporting odds ratio (ROR), the information component (IC), and the empirical Bayes geometric 
mean (EBGM).

(Kadoyama et al., 2012)
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The AEs commonly found between the two treatments included neutropenia, diarrhea, nausea, vomiting, 
pyrexia, pulmonary embolism, mucosal inflammation, asthenia, a decrease of hemoglobin level, and sepsis. 
More concerning side effects that require monitoring in patients receiving systemic 5-FU chemotherapy included 
neutropenia, pyrexia, pulmonary embolism, thrombocytopenia, and leukopenia (Kadoyama et al., 2012). Further 
the data from Kadoyama et al. (2012) also suggests that myelosuppression was more frequently accompanied by 
the use of 5-FU than Capecitabine (Table 3), whereas GI toxicity (Table 4) were more frequently associated with 
Capecitabine.

Table 3 Signal Detection for 5-FU- and Capecitabine-associated Myelosuppression

Adverse Event Treatment N PRR
(χ2)

ROR
(95% two-
sided CI)

IC
(95% two-sided 
CI)

EBGM
(95% one-
sided CI)

Leukopenia 5-FU 277 5.282*
(952.334)

5.323*
(4.727,5.191)

2.368*
(2.197, 2.540)

5.224*
(4.720)

Capecitabine 115 2.520*
(103.730)

2.526*
(2.103, 2.949)

1.306*
(1.041, 1.570)

2.432*
(2.081)

Neutropenia 5-FU 658 6.912*
(3272.836)

6.986*
(6.465, 7.507)

2.755*
(2.643, 2.867)

6.808*
(6.382)

Capecitabine 276 3.315*
(441.127)

3.327*
(2.955, 3.700)

1.707*
(1.535, 1.878)

3.241*
(2.931)

Thrombocytopenia 5-FU 328 2.749*
(360.868)

2.759*
(2.473, 3.042)

1.442*
(1.284, 1.599)

2.699*
(2.463)

Capecitabine 180 1.735
(55.060)

1.737*
(1.500, 1.974)

0.782*
(0.570, 0.993)

1.708
(1.509)

N = Number of Co-occurrences; PRR = Proportional Reporting Ratio; ROR = Reporting Odds Ratio; 
IC = Information Component; EBGM = Empirical Bayes Geometric Mean; CI = Confidence Interval

(Kadoyama et al., 2012)

Table 4 Signal Detection for 5-FU- and Capecitabine-associated Gastrointestinal Toxicity

Adverse 
Event

Treatment N PRR
(χ2)

ROR
(95% two-sided 

CI)

IC
(95% two-sided 

CI)

EBGM
(95% one-
sided CI)

Diarrhea 5-FU 1076 3.246*
(1625.228)

3.256*
(3.064, 3.448)

1.667*
(1.579, 1.754)

3.169*
(3.013)

Capecitabine 1790 6.383*
(7716.174)

6.435*
(6.135, 6.736)

2.606*
(2.537, 2.675)

6.104*
(5.870)

Nausea 5-FU 715 1.364
(68.113)

1.365*
(1.268, 1.463)

0.440*
(0.333, 0.547)

1.355
(1.274)

Capecitabine 842 1.865
(329.449)

1.868*
(1.744, 7.991)

0.881*
(0.782, 0.980)

1.839
(1.737)

Vomiting 5-FU 774 2.174*
(481.110)

2.179*
(2.029, 2.329)

1.120*
(1.000, 1.250)

2.143*
(2.019)

Capecitabine 848 2.745*
(912.239)

2.752*
(2.570, 2.935)

1.431*
(1.332, 1.530)

2.689*
(2.540)

N = Number of Co-occurrences; PRR = Proportional Reporting Ratio; ROR = Reporting Odds Ratio; 
IC = Information Component; EBGM = Empirical Bayes Geometric Mean; CI = Confidence Interval

(Kadoyama et al., 2012)

Hand-foot syndrome (HFS) is a cutaneous AE that occurs in some patients treated with fluoropyrimidines. 
Although it is not life threatening, HFS can severely disrupt the daily lives of patients. HFS is a leading cause of 
patient treatment interruption, dosage reduction, or therapy discontinuation. The safety analysis by Kadoyama et 
al. (2012) suggests that HFS was more frequently associated with Capecitabine than 5-FU treatment (Table 5).
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Table 5 Signal Detection for 5-FU- and Capecitabine-associated Hand-foot Syndrome

Treatment N PRR
(χ2)

ROR
(95% two-sided 

CI)

IC
(95% two-
sided CI)

EBGM
(95% one-
sided CI)

5-FU 64 6.059*
(265.364)

6.116*
(4.779, 7.452)

2.478*
(2.124, 2.832)

5.952*
(4.774)

Capecitabine 456 50.368*
(21762.799)

54.596*
(49.588, 59.604)

5.488*
(5.350, 5.626)

49.485*
(45.787)

N = Number of Co-occurrences; PRR = Proportional Reporting Ratio; ROR = Reporting Odds Ratio; 
IC = Information Component; EBGM = Empirical Bayes Geometric Mean; CI = Confidence Interval

(Kadoyama et al., 2012)

Several strategies that have been explored to modulate the anticancer activity of 5-FU (Figure 7). These strategies 
include the addition of:

-- Leucovorin 
-- Methotrexate
-- Interferons and
-- Eniluracil or Uracil

Leucovorin (LV) increases the intracellular pool of 5,10-methylene tetrahydrofolate, thereby enhancing thymidylate 
synthase inhibition by FdUMP. Methotrexate (MTX) is thought to increase 5-FU activation by increasing 
phosphoribosyl pyrophosphate levels. Interferons (IFNs) have been reported to enhance thymidine phosphorylase 
activity, abrogate acute TS induction caused by 5-FU treatment and enhance 5-FU-mediated DNA damage. 
Eniluracil and uracil inhibit DPD-mediated degradation of 5-FU. (Longley et al., 2003). 

Figure 7 Modulation of the Anticancer Activity of 5-FU

(Longley et al., 2003)

In August of 2020, Processa entered into a License Agreement with Elion Oncology, Inc. to acquire an exclusive 
contingent license to globally develop, manufacture and commercialize Eniluracil which is also known as PCS6422, 
776C85, and 5-ethynyluracil.
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2.1.1	 PCS6422/Eniluracil

2.1.1.1	 PCS6422 Mechanism of Action

PCS6422 is an uracil analogue, which irreversibly inhibits DPD within one hour of administration (Figure 8). 

PCS6422 inactivates DPD by initially forming a reversible complex with a Ki of 1.6 +/- 0.2 µM. This initial complex 
yields inactivated enzyme with a rate constant of 20 +/- 2 min-1 (kinact). Thymine competitively decreases the 
apparent rate constant for inactivation of DPD by PCS6422. The absorbance spectrum of PCS6422-inactivated 
DPD is different from that of reduced enzyme. These optical changes are correlated with the loss of enzymatic 
activity. PCS6422 inactivates DPD with a stoichiometry of 0.9 mol of inactivator per mol of active site (Porter et al., 
1992). 

Figure 8 Chemical Structure of PCS6422 

In the presence of PCS6422, bioavailability of 5-FU increases to approximately 100%, the half-life is prolonged to 
4 to 6 hours, and systemic clearance is reduced > 20-fold to values comparable the glomerular filtration rate (46 
to 58 mL/min/m2). Renal excretion (approximately 45% to 75%), instead of DPD-related catabolism, is the principal 
route of elimination of oral 5-FU given with PCS6422. Chronic daily administration of oral 5-FU 1.0 mg/m2 twice 
daily with PCS6422 20 mg twice daily produces 5-FU steady-state concentrations (8-38 ng/mL) similar to those 
achieved with protracted IV administration on clinically relevant dose-schedules. 

The PK behavior of oral PCS6422 is similar to that for oral 5-FU. Administration of PCS6422 10 to 20 mg twice 
daily completely inactivates DPD activity both in peripheral blood mononuclear (PBM) cells and in colorectal 
tumor tissue, with prolonged inhibition of DPD after discontinuation of PCS6422 treatment has been noted. In the 
presence of PCS6422, oral administration of 5-FU is feasible and variation in 5-FU exposure is reduced (Baker et 
al., 2000).

2.1.1.2	 Preclinical Data

PCS6422 is neither toxic nor active as a single agent in animals, however, it improves the antitumour efficacy and 
therapeutic index of 5-FU. Schilsky and Kindler, (2000) found that the cytotoxicity of 5-FU was enhanced one- to 
five-fold in cell lines treated with PCS6422 plus 5-FU compared with 5-FU alone. In rats with advanced CRC, 
PCS6422 increased the therapeutic index of 5-FU six-fold compared with a two-fold increase with leucovorin 
(LV) and N-(phosphonacetyl)-L-aspartate (PALA) (Table 6) and cures were only achieved with the PCS6422/5-FU 
combination (Cao et al., 1994). 

Table 6 Efficacy and Therapeutic Index of 5-FU with Modulators

Treatment Schedule MTD MED Maximum 
CR

Therapeutic 
Index

mg/kg/day mg/kg/day % MTD/MED

5-FU Alone 4-day Infusion 35 35 14 1.0

Daily x 4 35 >35 0 <1

Weekly x 3 100 100 12 1.0

5-FU + LV Daily x 4 25 >25 0 <1

Weekly x 3 75 50 63 1.5

5-FU + PALA Daily x 4 25 25 13 1.0

Weekly x 3 75 50 75 1.5
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5-FU + EU Daily x 4 10 1.75 100 6.0

Weekly x 3 15 2.5 100 6.0

CR = Complete Response; EU = Eniluracil, PCS6422; LV = Leucovorin; MED = Dose where 10 
to 25% of Rats Bearing Colon Carcinoma Had Sustained Complete Response on Day 90 Post-
treatment; MTD = Maximum Dose Not Causing Drug-related Lethality in Tumor-bearing Rats; PALA 
= N-(phosphonacetyl)-L-aspartate.

(Cao et al., 1994)

In dogs, dose-limiting neurotoxicity of 5-FU at high doses was abolished with the coadministration of PCS6422. 
This observation has been explained by the prevention of formation of the potentially neurotoxic metabolite 
F-BAL, after the inhibition of DPD. 

Elion/Processa evaluated the potential for the combination of PCS6422 with Capecitabine as a treatment of 
advanced GI tumors. Nonclinical efficacy data indicated that in CRC models, pre-treatment with PCS6422 
enhanced the antitumor activity of Capecitabine. PCS6422 increased the antitumor potency of Capecitabine while 
not increasing the toxicity. The antitumor efficacy of the combination of PCS6422 and Capecitabine was tested in 
several xenograft animal models with human breast, pancreatic and CRC cells. These preclinical xenograft models 
demonstrated that PCS6422 potentiated the antitumor activity of Capecitabine and significantly reduced the dose 
of Capecitabine required to be efficacious (Processa Pharmaceuticals Website).

2.1.1.3	 Clinical Safety Data

PCS6422 was studied in the late 1990s and early 2000s as a DPD inhibitor (Ahmed et al., 1999). The results of 
these studies suggested PCS6422 produced antitumor efficacy with a low incidence of severe toxicities. 

In 1998, Hohneker conducted a safety analysis of a chronic 28-day dosing regimen of PCS6422/5-FU that involved 
data from 108 patients treated in three different studies. 

-- FUMA1003 - a phase I dose-escalation trial for the 28-day dose regimen, 
-- FUMA2003 - a phase II breast cancer trial reported by Rivera et al., 1998, and 
-- FUMA2006 - a phase II colorectal cancer trial reported by Mani et al., 1998. 

The most frequently occurring nonhematologic toxicities for the 28-day PCS6422/5-FU regimen were GI in nature. 
Severe (grade 3 and 4) diarrhea occurred in fewer than 10% of patients and were found to completely resolve with 
treatment discontinuation. Severe nausea and vomiting occurred in 5% and 2% of patients, respectively.

The hematologic toxicity of the PCS6422/5-FU combination has been summarized below. Grade 4 
granulocytopenia occurred in 1% of patients. Severe thrombocytopenia requiring platelet transfusion was rare. 
The incidence of marked myelosuppression with the chronic 28-day regimen was low, pointing to the observation 
that diarrhea usually occurred in the absence of marked myelosuppression (Hohneker, 1998). The relative lack 
of concomitant diarrhea and granulocytopenia may lower the risk of sepsis or morbidity that would require 
hospitalization, as occurs in some patients treated with IV regimens of 5-FU/LV.

The toxicity profile for PCS6422/5-FU was similar for patients with different types of cancer. However, breast cancer 
patients appeared to have a higher incidence of granulocytopenia than CRC patients. Granulocytopenia grade 2 
occurred in 14% of patients with breast cancer and 5.5% of patients with CRC. This difference was believed to be 
related more to the effects of previous chemotherapy than to the tumor type itself, since all breast cancer patients 
had previously received anthracyclines and taxanes, whereas the CRC patients had not received any previous 
chemotherapy for metastatic disease. Interestingly, the incidence of diarrhea grade 2 was higher in the CRC 
population than in the breast cancer population (25% vs 14%); this difference may be related to previous surgical 
procedures, but a disease effect could be ruled out (Hohneker, 1998). 

The causative mechanism for HFS toxicity is unknown, however, it usually resolves with discontinuation of 
treatment. Fewer than 5% of patients experienced this adverse reaction when treated with the chronic 28-day 
dosing schedule of PCS6422/5-FU (Hohneker, 1998). Patients treated with continuous infusion 5-FU or 
Capecitabine are consistently reported to have greater risk of developing HFS of all grades (6.6-71.9%, median 
35.5%) than patients on a DPD inhibitor (0-15%, median 2%) (Llovet et al., 2001; Douillard et al., 2002; Carmichael 
et al., 2002; Adimi et al., 2002; Bajetta et al., 2007; Lin et al., 2006; Petrioli et al., 2004; Smith et al., 2000; Mani 
et al., 2000; Skovsgaard et al., 2001; Rivera et al., 2002; Ajani et al., 2006; Goto et al., 2006; Lenz et al., 2007; 
Ichinose et al., 2004; Hirata et al., 1999; Ohtsu et al., 2000; van den Brande et al., 2003; Peters et al., 2003; Chollet 
et al., 2003; Sakata et al., 1998; Borner et al., 2002). Furthermore, HFS induced by continuous infusion 5-FU or 
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Capecitabine is more often of grade 3 or grade 4 (2-18%, median 7.1%) (Cassidy et al., 2003; Scheithauer et al., 
2003; Schmoll et al., 2007; Lin et al., 2006; Abushullaih et al., 2002) compared to bolus 5-FU (0.4-3%, median 
0.5%) (Chau et al., 2005; Smith et al., 2004, Cassidy et al., 2002; Scheithauer et al., 2003; Schmoll et al., 2007). 
Whereas HFS is occasionally caused by 5-FU/PCS6422, it is nearly always grade 1 or grade 2. These patients very 
rarely develop severe HFS when on a 5-FU/PCS6422 regimen.

Figure 9. Incidence of HFS in Patients on Fluoropyrimidine Treatments

(Yen-Revollo et al., 2008)

In conclusion, there is accumulating evidence from clinical trials that show the benefits of DPD inhibition on 
decreasing the risk of HFS. This reduction in the occurrence and severity of HFS is a potential advantage for 
treatment with the PCS6422 in combination with 5-FU.

2.1.1.4	 Clinical Efficacy Data

Early clinical trials suggested that the combination of 5-FU/PCS6422 was effective in treating several types of solid 
tumors with decreased toxicity. The clinical trials examining the effects of 5-FU and PCS6422 in cancer patients 
have been summarized in Table 7 below. Additional information on each individual trial can be provided upon 
request.

Despite promising Phase II data with an improved safety profile, further research of PCS6422 was abandoned 
after two large Phase III trials suggested 5-FU/PCS6422 had inferior efficacy compared with 5-FU and Leucovorin 
(Van Cutsem et al., 2001; Schilsky et al., 2002). The two multicenter Phase III studies were conducted in patients 
with CRC with PCS6422 administered in 10-fold excess to 5-FU. It is believed that the dose of PCS6422 used 
during these trials was not optimal, and that PCS6422 was not administered early enough to irreversibly affect the 
DPD enzyme, thus the regimen tended to produce less antitumor benefit than the control arm with the standard 
regimen of 5-FU/LV without PCS6422. Later preclinical work suggested that when PCS6422 was present at the 
same time as and in excess to 5-FU, it diminished the antitumor activity of 5-FU, which the Processa Team believe 
supports the proposal of exploring clinically dosing PCS6422 several hours before 5-FU to allow its clearance 
before the administration of 5-FU (Processa Pharmaceuticals Website).

Processa is proposing to initiate a Phase 1b study to confirm the safety and PK of a fixed dose of PCS6422 with 
increasing doses of Capecitabine in patients with advanced GI solid tumors. The objectives of the study are to:

-- To evaluate the safety and dose-limiting toxicities (DLTs), and to identify the maximum tolerated dose 
(MTD) and the recommended phase 2/3 dose (RP23D) of Capecitabine when administered ~20 hours 
after a single, fixed, oral dose of PCS6422 40 mg and dosed for 7 days in patients with advanced, 
refractory GI tract tumors.

-- To characterize the PK profile of Capecitabine, 5-FU, and the main metabolites F-BAL, DFCR, and DFUR in 
blood and of F-BAL in the urine.

-- To characterize the PK profile of PCS6422 when administered in combination with Capecitabine.
-- To evaluate the tolerability and safety of eniluracil with Capecitabine therapy at the RP23D. 
-- To gain preliminary evidence of the antitumor activity of PCS6422 with Capecitabine in advanced GI 

tumors.
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The study is expected to begin dosing in the first half of 2021 with the final report expected in the second half of 
2022. Subsequently. Processa plans to initiate a Phase 2/3 study in the first half of 2023.

2.2	 PCS499

PCS499 is an oral tablet that is a deuterated analog of one of the major metabolites of Pentoxifylline (PTX or 
Trental®). Pentoxifylline is a methylxanthine derivative with potent hemorheological properties. It is used to 
improve blood flow in patients with circulation problems to reduce aching, cramping, and tiredness in the 
hands and feet. It works by decreasing the thickness (viscosity) of blood. This change allows blood to flow more 
easily, especially in the small blood vessels of the hands and feet. In the U.S. it is marketed for the treatment of 
intermittent claudication but is also used to treat leg ulcers, strokes, high-altitude sickness, eye and ear disorders, 
and sickle cell disease and to treat pain from diabetic neuropathy (Pentoxifylline Prescribing Information).

PCS499 metabolizes qualitatively to the same active moieties as Pentoxifylline but quantitatively has different 
amounts of these metabolites. An issue with Pentoxifylline is that it has dose limiting side effects which can hamper 
its use. However, preclinical and clinical evidence indicate that PCS499 may have less side effects compared to 
Pentoxifylline which may allow for higher doses to be administered (Processa Pharmaceuticals Website).

Processa has identified necrobiosis lipoidica (NL) as their lead indication for PCS499. NL is a chronic, disfiguring 
condition affecting the skin and the tissue under the skin typically on the lower extremities with no currently 
approved FDA treatments. NL presents more commonly in women than in men and occurs more often in 
people with diabetes. Ulceration occurs in approximately 30% of NL patients, which can lead to more severe 
complications, such as deep tissue infections and osteonecrosis threatening the life of the limb. Approximately 
22,000 - 55,000 people in the U.S. and more than 120,000 people outside the U.S. are affected with ulcerated NL.

The degeneration of tissue occurring at the NL lesion site may be caused by a number of pathophysiological 
changes, which has made it extremely difficult to develop effective treatments for this condition. PCS499 and its 
metabolites affect a number of biological pathways which could contribute to the pathophysiology associated 
with NL (Figure 10). Therefore, PCS499 may provide a novel treatment solution for NL.

Figure 10 Diverse Pharmacological Properties of PCS499

(Processa Corporate Presentation January 2021)

In a small Phase 2A study, NL patients tolerated PCS499 well and at greater doses than Pentoxifylline. In addition, 
two patients with NL ulcers showed complete closing of all their original wounds (Figure 11) (Processa Corporate 
Presentation January 2021).
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Figure 11 Changes in NL Ulcers after Treatment with PCS499

(Processa Corporate Presentation January 2021)

Processa is currently planning a Phase 2B study of PCS499 in NL patients. The trial is scheduled to start during the 
first half of 2021 with the final report expected in the second half of 2022.

2.3	 PCS12862

PCS12852 is a novel, potent and highly selective 5-hydroxytryptamine 4 (5-HT4) receptor agonist. Other 5-HT 
receptor agonists with less 5-HT4 selectivity have been used to successfully treat GI motility disorders such as 
chronic constipation, constipation-predominant irritable bowel syndrome, functional dyspepsia and gastroparesis. 
Less selective 5-HT4 agonists, such as Cisapride, have been either removed from the market or not approved 
because of the cardiovascular side effects associated with the drugs binding to other receptors.

Studies of PCS12862 have shown that it is more potent (Table 7) and selective for 5-HT4 compared to other 
5-HT4 drugs and has a wider safety margin against the negative cardiovascular side effects (Processa Corporate 
Presentation January 2021).

Table 7 Comparative Potency of 5-HT4 Receptor Agonist PCS12852 to Other 5-HT4 Drugs

Compound Binding Affinity
(IC50 nM)

Agonistic Activity
(EC50 nM)

PCS12862 0.05 0.0048

Prucalopride 4.2 0.016

Tegasetrag 15.4 0.25

Velusetrag 20 5

TAK-954 0.4 0.5

EC50 = Effective Concentration 50%; IC50 = Inhibitory Concentration 50%
(Processa Corporate Presentation January 2021)

Two clinical studies have been previously conducted by Yuhan with PCS12852. In the first-in-human clinical 
trial, the initial safety and tolerability of PCS12852 were evaluated after single and multiple oral doses in 
healthy subjects. PCS12852 increased stool frequency with faster onset when compared to Prucalopride, an 
FDA approved drug for the treatment of chronic idiopathic constipation (Prucalopride Prescribing Information). 
Compared to the group receiving Prucalopride, the PCS12852 dose groups showed higher stool frequency for 24 
hours following single dosing and had faster onset of spontaneous bowel movements (SBMs) with comparable 
or relatively higher Bristol Stool Form Scale score (lower stool consistency) for 24 hours following first dosing. In 
addition, based on an increase of ≥ 1 SBM/week from baseline during 7-day multiple dosing, the PCS12852 dose 
group had a higher percent of patients with an increase than the prucalopride group. All doses of PCS12852 
were safe and well tolerated and no serious adverse events occurred during the study. The most frequently 
reported AEs were headache, nausea and diarrhea which were temporal, manageable, and reversible within 24 
hours. There were no clinically significant changes in platelet aggregation or electrocardiogram (ECG) parameters 
including no sign of QTc prolongation in the study (Processa Pharmaceuticals Website). 

The second study conducted was a Phase 1/2A clinical trial to evaluate the safety, tolerability, PK and PD of 
PCS12852 immediate release (IR) formulation and delayed release (DR) formulation after multiple oral dosing. 
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PCS12852 was safe and well tolerated after single and multiple administrations. The most frequent AEs for both 
the IR and DR formulations of PCS12852 were headache, nausea and diarrhea, but the incidences of these AEs 
were comparable with those of the prucalopride 2 mg group. These AEs, which were transient and mostly mild 
in severity, are also commonly observed with other 5-HT4 agonists. Both formulations of PCS12852 also showed 
pharmacologic activity as assessed using various PD parameters for stool assessment (Processa Pharmaceuticals 
Website).

Processa is currently planning a Phase 2A study of PCS12852 which is scheduled to start dosing patients during 
the second half of 2021. The final report for this trial is expect in 2023.

3	 Conclusions

Processa is a clinical stage biopharmaceutical company focused on the development of drug products that are 
intended to provide treatment for and improve the survival and/or quality of life of patients who have unmet 
medical needs or conditions for whom there are no alternative treatments. 

Processa’s pipeline includes three main potential drug candidates: 
-- PCS6422 
-- PCS499 
-- PCS12852 

PCS6422 is an uracil analogue, which irreversibly inhibits DPD. It is currently being developed for coadministration 
with Capecitabine for treatment of metastatic colorectal and breast cancer. Processa has completed 
pharmacology, toxicology and manufacturing work on PCS6422 and are in the process of initiating a Phase 1b 
study to confirm the safety and PK of a fixed dose of PCS6422 with increasing doses of Capecitabine in patients 
with advanced gastrointestinal solid tumors. The study is expected to begin dosing patients in the first half of 
2021, with an interim analysis in the third quarter of 2021, and the final report expected in the second half of 
2022. Subsequently, Processa plans to initiate a Phase 2/3 study in the first half of 2023.

PCS499 is a deuterated analog of one of the major metabolites of Pentoxifylline. It is currently being developed 
as a treatment for ulcerative necrobiosis lipoidica. A Phase 2B study of PCS499 in necrobiosis lipoidica patients is 
being planned and the trial is scheduled to start during the first half of 2021 with the final report for the study is 
expected in the second half of 2022.

PCS12852 is a novel, potent and highly selective 5-hydroxytryptamine 4 receptor agonist. It is currently being 
developed as a treatment for gastrointestinal motility dysfunction disorder. A Phase 2A study of PCS12852 is 
being planned and the trial is scheduled to start dosing patients during the second half of 2021. The final report 
for the study is expected sometime in 2023.

Processa’s stated developmental approach involves:
-- Identifying drugs that have potential efficacy in patients with an unmet medical need;
-- Identifying drug products that have been developed or approved for other indications but can be 

repurposed to treat those patients who have an unmet medical need; and
-- Identifying drugs that can be quickly developed such that within 2-4 years, critical value-added clinical 

milestones can be achieved while advancing the drug closer to commercialization.

All three assets appear to fall within Processa’s development framework, and each is believed to have a billion 
dollar market potential. 
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