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Asterias Biotherapeutics (AST - $3.40) 

Highly Promising Spinal Cord Injury Treatment in Development 

with Multiple Catalysts Near Term  

We are initiating coverage on Asterias Biotherapeutics with a Buy rating and 12-

month price target of $12. By leveraging its proprietary cell therapy technology, 

AST is developing three products as potential treatments for spinal cord injury 

(SCI) and several types of cancers. 
 

 AST-OPC1 exhibited initial encouraging efficacy data in Phase I/II (SCiStar) 

trial as a promising severe spinal cord injury treatment. The major investment 

focus for AST, in our view, is the potential success of lead product, AST-OPC1 in 

treating spinal cord injury. AST-OPC1 is comprised of oligodendrocyte progenitor 

cells (OPCs) derived from human embryonic stem (ES) cell. AST recently reported 

promising Phase I/II trial results of improved motor function in severe (AIS-A 

cervical) SCI patients of a 10
7
 AST-OPC1 cells cohort vs. matched historical control. 

It provides an important initial clinical POC and bodes well for successes of the 

remaining portions of the Phase I/II study and potential future trials.    

 Substantial unmet need and very limited competition in SCI treatment. Given the 

limited self-recoverability and very high medical and societal costs for life, especially 

for the severe cervical SCI patients, significant unmet needs exist in SCI management. 

The field is littered with many failed developments over a long time and no approved 

drugs are available. If AST-OPC1 is successful, we believe it could dominate the SCI 

treatment market within a limited competitive landscape, particularly in more severe 

cervical SCI cases.    

 Two different cancer vaccines, AST-VAC1 and AST-VAC2, have potential for 

treating AML and solid tumors. Both vaccines are dendritic cells transfected with 

human telomerase.  AST-VAC1 has exhibited promising Phase II results in acute 

myeloid leukemia (AML); and AST-VAC2 will enter a Cancer Research UK funded 

Phase I/II trial in non-small cell lung cancer (NSCLC) in mid- 2017.     

 Catalyst-rich period ahead could significantly impact share value. Additional 

portions of the SCiStar trial for analyzing more doses (20
7
 cells) and other conditions 

(AIS-B at C5-C7) are ongoing. If future Phase I/II study data continue to be positive 

and along with potential advancement into Phase IIb trials in 2018, in our opinion, 

would likely increase AST shareholder value substantially.   

 Material upside remains at the current valuation. With a differentiated and 

promising SCI treatment modality, plus cancer vaccines in development, and 

potentially positive multiple catalysts over the next 18 months, we believe AST shares 

remain undervalued at current levels. Our 12-month $12 price target is based on peer 

comparable, probability adjusted DCF and sum-of-the-parts analyses.  
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(Dec)  1Q 2Q 3Q 4Q FY P/E  

FY-17E  -0.21   -0.19   -0.19   -0.20   -0.79    N.A.  

FY-16A  -0.27   -0.12   -0.24   -0.20   -0.83    N.A.  

FY-15A  -.09 -0.10 -0.09 -0.13 -0.42    N.A.  

FY-14A  -0.07   -0.09   -0.05   -0.11   -0.33    N.A.  
         

Source: Laidlaw & Company estimates  
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Investment Thesis   

 We are initiating coverage of Asterias Biotherapeutics (AST) with a 

Buy rating and a 12-month price target of $12. Asterias is a mid-

clinical stage biotechnology company that leverages its proprietary 

human embryonic stem (ES) cell platform to develop oligodendrocyte 

progenitor cell (OPC) containing product candidate, AST-OPC1, as a 

potential treatment for spinal cord injury (SCI). AST-OPC1 recently 

demonstrated promising efficacy and safety results in a Phase I/II trial, 

and we anticipate multiple catalysts from this program over the next 18 

months, which potentially could elevate AST share value. In addition, 

AST has two cancer vaccines, AST-VAC1 and AST-VAC2, which are 

patients’ own or ES-derived dendritic cells transfected with human 

telomerase (hTERT) RNA as a potential treatment for acute myeloid 

leukemia (AML) or solid tumors, such as non-small cell lung cancer 

(NSCLC), respectively.     

 Proprietary and differentiated human embryonic stem cell derived 

AST-OPC1 has demonstrated robust motor function improvements 

in spinal cord injury patients from its ongoing Phase I/II clinical 

study. AST’s lead asset, AST-OPC1 is in a Phase I/II (SCiStar) trial as 

a potential treatment in complete (AIS-A) and incomplete (AIS-B) 

cervical SCI. Preclinical studies have demonstrated that injected AST-

OPC1 cells could facilitate the re-myelination of axons, secrete 

neurotrophic factors that encourage neuro-regeneration and sprouting of 

new nerve endings. AST-OPC1 also could induce the formation of new 

blood vessels, and avoid the formation of parenchymal cavitation, 

which is a hallmark of chronic SCI.  AST recently reported very 

promising interim results (6- and 9-month post treatment of the 10
7
 cells 

cohort) and, in our opinion, have provided meaningful clinical proof-of-

concept, making this program more de-risked. Specifically, AST-OPC1 

treatment has exhibited changes of the UEMS (upper-extremity motor 

score: a composite measurement of different motor functions of the 

corresponding spinal cord segment) vs. that of the closely matched 

historical control (n=73) starting from three months (8.2 vs. ~4) and 

with continuation of the improvements in six (9.8 vs. ~6) and nine 

months (13 vs. ~7). Further, all (100% - 6/6) AST-OPC1 treated 

patients have gained at least one or more motor level improvements; 

while in the historical control, only 56% of patients achieved the same 

improvement. Additionally, 33% (2/6) of AST-OPC1 treated patients 

achieved at least two or more motor level improvements vs. 18% of the 

historical control patients. The practical implication of the increasing 

level of motor level recovery is its direct correlation with clinical 

benefits patients might enjoy. For example, one level of recovery could 

enable a patient to re-gain the ability for eating or dressing more 

independently; while two level improvements could enable controlling 

wheelchair and bladder control without caregiver assistance. Such 

Our $12 price target is supported 

by peer comparable, probability 

adjusted DCF and sum-of-the-

parts analyses.  

AST recently reported very 

promising interim results and, in our 

opinion, have provided meaningful 

clinical proof-of-concept, making 

this program more de-risked. 

AST-OPC1 treatment has exhibited 

changes of the UEMS vs. that of the 

closely matched historical control 

starting from three months (8.2 vs. 

~4) and with continuation of the 

improvements in six (9.8 vs. ~6) and 

nine months (13 vs. ~7). 
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continued improvements, if sustained in the future trials, not only could 

enable AST-OPC1 treatment to receive approval, but could also provide 

significant benefits to SCI patients with the possibility of a premium 

pricing advantage.  On the safety side, no AST-OPC1 related SAEs and 

no adverse findings (such as lesion cavity formation) on MRI scans 

were observed. Further, immune-suppressants were well tolerated by 

patients, with no complications observed. Initially developed by Geron, 

AST-OPC1 was subsequently divested to BioTime; and later transferred 

to BioTime’s subsidiary, Asterias.  AST is a spin-off of BioTime, which 

currently owns 46% of AST shares. 

 The next 18 months could be an AST-OPC1 development catalyst 

rich period with multiple opportunities for increasing AST share 

value. AST is actively developing AST-OPC1 in its ongoing Phase I/II 

trial by focusing on both two doses (10
7
 and 20

7
 cells) and two 

conditions (AIS-A and AIS-B at C5-C7). Over the next 18 months, we 

anticipate that the multiple developmental catalysts would likely 

increase AST shareholder value. These include data reporting (including 

treatment performance over longer durations), which if positive, would 

likely be followed by discussions with the FDA for potentially 

advancing the program into Phase IIb trials in 2018.  

 Substantial unmet need and very limited competition in spinal cord 

injury treatment landscape. SCI is one of the disease areas in which 

unmet need is very substantial while the progress for effective treatment 

is very limited.  The self-recoverability of sensory and motor functions, 

especially in more severe SCI patients, is very limited. Further, the 

annual expense for taking care of cervical SCI patients is substantial. 

For instance, the costs for a patient with SCI in the high cervical nerves 

(high tetraplegia) could reach $1.1MM for the first year and $185k each 

year thereafter, with total lifetime costs of $4.8MM if the injury 

occurred at age 25. For patients with a SCI in the low cervical nerves 

(low tetraplegia), costs for the first year could be $770k and $115k each 

year thereafter, with a total lifetime cost of $3.5MM. There were many 

therapeutic developments for treating SCI over the last two decades and 

almost all of them failed, likely because of the vast complexity of spinal 

cord impairments. While there are a few treatments currently in 

development, they might not have the breadth, the potency or correct 

timing for administering treatment. We have identified only a handful of 

therapeutics currently in active development, and even fewer with the 

potential for treating more severe cervical SCI. As such, the competitive 

landscape of the SCI treatment market is very limited, in our opinion.   

 Two different cancer vaccines, AST-VAC1 and AST-VAC2, could 

have the potential for treating hematological and solid cancers. In 

addition to AST-OPC1, AST has two cancer vaccines, AST-VAC1 and 

AST-VAC2, in development. Initially developed by Geron, both 

vaccines target human telomerase (hTERT) – an enzyme that could add 

new DNA onto the telomeres. A telomere is a region of repetitive 

nucleotide sequences located at each end of a chromosome. The length 

of the chromosome is shortened after each round of cell division and 

ultimately the telomere limits the number of cellular divisions 

(replicative senescence) and the ultimate life span of a cell. Telomerase 

has been detected in approximately 90% of all malignant tumors, while 

On the safety side, no AST-OPC1 

related SAEs and no adverse finding 

(such as lesion cavity formation) on 

MRI scans were found.  

The next 18 months could be an 

AST-OPC1 development 

catalyst rich period with multiple 

opportunities for increasing AST 

share value 

Substantial unmet need and very 

limited competition in spinal cord 

injury treatment landscape 
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in normal cells it is practically undetectable.  The presence of 

telomerase also signals a poor prognosis for cancer progression. AST-

VAC1 and AST-VAC2 are dendritic cells transfected with hTERT 

encoding mRNA and the lysosomal targeting signal LAMP(4,5). AST-

VAC1 is an autologous cancer vaccine, while AST-VAC2 is an 

allogeneic cancer vaccine. Promising results of an AST-VAC1 in 

intermediate and high risk acute myeloid leukemia (AML) Phase II 

open-label trial demonstrated that in patients who already achieved 

complete clinical remission, 58% (11/19) remained in complete 

remission up to 52 months. The outcome compares favorably to that of 

the historical data in which 20 – 40% of patients were relapse free at 3 – 

4 years. In a subset of very high risk and older than 60 years old patients 

(n=7), 57% (4/7) remained relapse free vs. 10 – 20% of patients in the 

historical norm. AST completed an End of Phase II (EOP2) meeting 

with the FDA in 1Q16 with the agreement that one Phase III trial would 

be sufficient for potential BLA filing via an accelerated approval 

pathway. AST plans to complete the production process optimization by 

3Q17 with the possibility to start a Phase IIb trial in AML in 2018.  

Major advantages of AST-VAC2 are its lower manufacturing costs, it is 

easily scalable, it has greater product consistency, and ease in 

combining with other immune-oncology therapies to potentially 

generate greater therapeutic impact. Cancer Research UK (CRUK) will 

fund and conduct a Phase I/IIa trial evaluating AST-VAC2 in non-small 

cell lung cancer (NSCLC) expected to start in mid-17 or early 3Q17. 

Eligible patients inlcude those who are in remission after successful 

surgical resection (Stage II, n=12) and those who’ve successfully 

completed first line therapies (Stage III and IV, n=12). Patients would 

receive 6 doses of AST-VAC2 (10
7
 cells) on a weekly basis unless 

disease progression occurs or the treatment is intolerable. Major 

endpoints include safety, immune response and recurrence rate for 

resectable patients.  We estimate initial data reporting to occur in 2018. 

Although most of the investor focus is on AST-OPC1 development, the 

potential success of either cancer vaccine could be an upside for AST 

shareholders.  

 Valuation is favorable.  We believe AST shares are undervalued, based 

on the substantial potential of AST-OPC1 in treating spinal cord injury, 

while potential upsides from AST-VAC1 and AST-VAC2 as possible 

effective cancer vaccines have been not priced in. Accordingly, our $12 

price target is supported by peer comparable, probability adjusted DCF 

and sum-of-the-parts analyses. We are recommending AST shares to 

long-term oriented investors with high risk tolerance.  

 

  

AST-VAC1 and AST-VAC2 are dendritic 

cells transfected with hTERT encoding 

mRNA and the lysosomal targeting 

signal LAMP(4,5). AST-VAC1 is an 

autologous cancer vaccine, while AST-

VAC2 is an allogeneic cancer vaccine. 

AST-VAC1 in intermediate and high risk 

acute myeloid leukemia (AML) Phase II 

open-label trial demonstrated that in 

patients who already achieved complete 

clinical remission, 58% (11/19) remained 

in complete remission up to 52 months.  

Major advantages of AST-VAC2 are its 

lower manufacturing costs, it is easily 

scalable, it has greater product 

consistency, and ease in combining 

with other immune-oncology therapies 

to potentially generate greater 

treatment impact.   
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Company Description 

Asterias Biotherapeutics is a mid-clinical stage biotech company that leverages 

cell therapy technology for potentially treating spinal cord injury (SCI) and 

cancers. Its lead product, AST-OPC1 is a pluripotent oligodendrocyte progenitor 

cells treatment derived initially from human embryonic stem cells with the 

potential for restoring lost function in neurodegenerative diseases. AST-OPC1 is 

currently under a Phase I/II (SCiStar) trial as a potential therapy for complete 

and incomplete cervical SCI. The company has reported encouraging interim 

results showing significant motor function restoration in upper extremities; and 

several more data releases are expected in 2017 and 2018. The company could 

potentially start a Phase IIb trial in 2018 evaluating AST-OPC1 in cervical 

spinal cord injury. AST is also developing two immunotherapies, AST-VAC1 

and AST-VAC2 as potential cancer vaccines as a maintenance therapy for acute 

myeloid leukemia (AML) and non-small cell lung cancer (NSCLC), 

respectively. AST-VAC1 is an allogeneic (non-patient-specific) treatment and is 

currently in Phase II development. AST-VAC2 is an autologous (patient-

specific) treatment and is slated for a Phase I/II trial that could start in mid-

2017.   
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Anticipated milestones in 2017 and beyond  

 

Source: Laidlaw & Company and company presentation. 

  

Product Indication Event Timing Importance

Complete patient enrollment of 20MM cell trial 2Q17 ***

Report 10MM cell 12-month results July 2017 ****

Report 20MM cell 6-month results 4Q17/1Q18 ***

Report 20MM cell 12-month results 3Q18 ****

Complete patient enrollment of 10MM cell trial 2Q17 ***

Report 10MM cell 6-month results 4Q17/1Q18 ****

Complete patient enrollment of 20MM cell trial 1Q18 ***

Report 10MM cell 12-month results 3Q18 ****

Report 20MM cell 6-month results 3Q18 ****

Conduct discussion with the FDA for possible 

Phase III trial
Mid-2017 ***

Potentially finalize Phase IIb trial design after 

FDA discussion
3Q17 ***

Potentially start Phase IIb trial 2018 ***

AST-VAC1
Acute myeloid leukemia 

(AML)
Potentially start Phase IIb confirmatory trial 2018 ***

AST-VAC2
Non-small cell lung cancer 

(NSCLC)
Potentially start Phase I/IIa trial Mid-17 ***

**** / ***** Major catalyst event that could impact share price very significantly while *** event is more informative 

Subacute spinal cord injury 

(SCI) cervical incomplete 

(AIS-B at C5-C7) 

Subacute spinal cord injury 

(SCI) cervical complete (AIS-

A at C5-C7) 

AST-OPC1

Subacute spinal cord injury 

(SCI) cervical
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Asterias Biotherapeutics Pipeline 

 

 

  

Product Indication Preclinical I II III Comments

AST-OPC1 Spinal cord injury (subacute) Phase I/II trial underway

AST-VAC1 (Autologous)
Acute myeloid leukemia 

(AML)
Potentially start Phase IIb trial in 2018

AST-VAC2 (Allogeneic) Lung cancer Potentially start Phase I/II trial started In 2Q17

Source:  Laidlaw & Company and company presentation 
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Lead Product, AST-OPC1, Could Be a Best-In-Class Spinal 
Cord Injury Disease-Modifying Therapy Supported by 
Promising Phase I/II Trial Results  

AST-OPC1 has demonstrated preliminary robust and potentially 

longer lasting efficacy in difficult-to-treat neurologically complete 

cervical SCI despite the small patient size of the study   

Leading asset, AST-OPC1, is a novel cell therapy with the potential to restore 

lost function in neurodegenerative conditions. AST-OPC1 is made of pluripotent 

oligodendrocyte progenitor cells initially derived from human embryonic stem 

(ES) cells. AST is currently conducting a Phase I/II (SCiStar) trial evaluating 

AST-OPC1 in complete (AIS-A) and incomplete (AIS-B) cervical spinal cord 

injury (SCI).  We believe the recently reported very encouraging interim results 

(6- and 9-month post treatment of the 10
7
 cells cohort) have provided 

meaningful initial clinical proof-of-concept, and make this program more de-

risked.   

The results indicated that based on upper extremity motor score (UEMS), a 

composite measurement of different motor functions of the corresponding spinal 

cord segment, AST-OPC1-treated complete (AIS-A) cervical SCI patients have 

demonstrated superior improvements compared to the closely matched historical 

control (n=73) from the European Multicenter Study about Spinal Cord Injury 

(EMSCI) database (Figure 1). Specifically, AST-OPC1 treatment vs. the 

historical control exhibited superior changes of UEMS, with first assessment at 

3 months (8.2 vs. ~4), followed by assessments at 6 months (9.8 vs ~6) and 9 

months (13 vs. ~7), in which the UEMS continued to progress. AST also 

recently reported that the sixth patient also showed 9 points improvement and 

one motor level (on both sides of the body) over baseline improvement at 6 

months. The aggregate improvement results of 6-patient are the same as 5-

patient (Figure 1).     

 

 

 

 

 

 

In our opinion, the recently reported 

very encouraging interim results 

have provided meaningful initial 

clinical proof-of-concept, and make 

this program more de-risked. 
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Figure 1: Superior UEMS recovery between 10
7
 cell cohort vs. matched historical control 

   

Source: Company presentation 

Despite the study patient size being relatively small, we view that the 

continuation of improvements demonstrated that the AST-OPC1 treatment is 

active and has afforded motor function restoration beyond the baseline level of 

potential self-improvement. It is noted that the level of a patient’s self-recovery 

(along with rehabilitation) starts to plateau at 6 months and by 12 months, there 

ae very few to change.  

The EMSCI database is one of the most compressive and current SCI patient 

databases. It was established by the European Multicenter Study about Spinal 

Cord Injury with information of >3,300 patients and ~300 new patients are 

added annually. 

The second data analysis is also encouraging as it demonstrated that the AST-

OPC1 treatment has generated greater motor level recovery compared to the 

matched historical control (Figure 2 with 5-patient data). For instance, with the 

inclusion of the 6
th
 patient, 100% (6/6) treated patients have gained one motor 

level improvement; while 56% (35/62) of the historical control achieved the 

similar changes. Moreover, 33% (2/6) of treated patients achieved two motor 

level or greater changes vs. 18% (11/62) of the historical control.          

Figure 2: Improved motor level recovey between 10
7
 cell cohort vs. matched historical control 

  

Source: Company presentation 

100% treated patients have gained 

one motor level improvement; while 

56% of the historical control 

achieved similar changes. Moreover, 

30% of treated patients achieved 

two motor level or greater changes 

vs. 18% of the historical control. 
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It is noted that the changes of UEMS and motor level recovery are based on the 

differences from the baseline readout, which is established before the 

transplantation (14 - 30 days post injury), not the status immediately after the 

injury. Certain patients experience a low level of self-recovery and it is partly 

enhanced by rehabilitation shortly after the injury, but such improvements are 

typically plateaued 6 months post injury. The data from the historical control 

also incorporates such adjustment.  

The practical implication of the increasing level of motor level recovery is its 

direct correlation with clinical benefits patients might enjoy. With one level of 

motor level recovery, for example, from C5 to C6, patients could re-gain the 

ability for many daily activities, such as eating, bathing and dressing more 

independently without the need for some assistance by caregivers. A motor level 

recovery from C5 to C7 (two level improvements), could enable patients to 

further regain the ability for daily activities, such as controlling wheelchair and 

bladder control without the need for some assistance by caregivers (Figure 3). 

It is obvious that increased self-care capability could enhance patients’ 

confidence and quality of life to live a relatively more normal life. It is also clear 

that such improvements could reduce the societal costs. It could cost $114,000 

per year or $3.5MM over the lifetime of a patient whose SCI in the C5-C8 

nerves (low tetraplegia) occurred at 25 years old
1
 for patient care. The potential 

reduction in costs for third party payers could also be significant.          

Figure 3: Correlation of improvements between motor level recovey and ability of self-care  

  

Source: Company presentation 

For the earlier part of this Phase I/IIa trial that evaluated a dose concentration of 

2x10
6
 AST-OPC1 cells (n=3), the treatment did not exhibit more UEMS 

recovery vs. historical control (Figure 4). This was expected given this is a 

below predicted efficacious dose.    

 

 

                                                           
1
 National Spinal Cord Injury Statistical Center 2016 data sheet 

A motor level recovery from C5 to 

C7 (two level improvements), could 

enable patients to further regain 

the ability for daily activities, such 

as controlling wheelchair and 

bladder control without the need for 

some assistance by caregivers 
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Figure 4: The 2x10
6
 cell cohort did not show more efficacy vs. historical control 

  

Source: Company presentation 

In the 2x10
6
 cell cohort, the average UEMS improvement at Day 90 was 5.0 

points; and at the 1-year of follow up, all patients have improved one motor 

level on at least one side.   

On the safety side, no AST-OPC1 related SAEs were found and no adverse 

findings (such as lesion cavity formation) on MRI scans (5x throughout one 

year) were observed. The use of tacrolimus (an immunosuppressant) was well 

tolerated without any complications by patients. 

Our takeaway Together, we are encouraged by the positive UEMS and motor 

level recovery results given they could provide an important clinical proof-of-

concept and have materially de-risked this program clinically. In addition to the 

UEMS improvement, which is the primary endpoint of another ongoing pivotal 

study in SCI, we view the improvement of motor level recovery, if maintained in 

the future studies, could be a critical attribute that could gain adoptions by 

physicians, patients and payers based on its tangible clinical benefits. Further, 

we are also very encouraged by the treatment’s continued efficacy over the 

historical control as demonstrated in month 9 and possibly in month 12, which 

is to be reported in 3Q17.  

The more durable efficacy would be important for the success of this therapy 

given the administration procedure is more risky and invasive, the rather 

narrow therapeutic window and the likelihood that it would be a treatment only 

administered once. In addition, insufficient treatment response duration has 

doomed some SCI clinical programs, such as HuCNS-SC in chronic SCI Phase 

II (Pathway) study by the now defunct StemCells, Inc. That program was 

terminated given the therapeutic effects only lasted for 6 months and started to 

decline thereafter (based on 9 and 12-month results).    
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Phase I/IIa (SCiStar) trial design 

The SCiStar study is an open label and dose escalating trial to evaluate AST-

OPC1 in patients with subacute cervical spinal cord injury. The study is divided 

into five cohorts (three of AIS-A and two of AIS-B) (Figure 5): 

1. Cohort 1: enrolled three patients with complete C5 – C7 cervical or 

AIS-A SCI and dosed with 2x10
6
 AST-OPC1 cells.  It is a sub-optimal 

dose for the purpose of establishing safety. 

2. Cohort 2: enrolled 6 patients with complete C5 – C7 cervical or AIS-A 

SCI and dosed with 10
7
 AST-OPC1 cells.  

3. Cohort 3: enrolled 5 - 8 patients with complete C5 – C7 cervical or 

AIS-A SCI and dosed with 2x10
7
 AST-OPC1 cells.  

4. Cohort 4: enrolled 5 - 8 patients with incomplete C5 – C7 cervical or 

AIS-B SCI and dosed with 10
7
 AST-OPC1 cells. 

5. Cohort 5: enrolled 5 - 8 patients with incomplete C5 – C7 cervical or 

AIS-B SCI and dosed with 2x10
7
 AST-OPC1 cells. 

 

Figure 5: The overall AST-OPC1 Phase I/II  trial design 

   

Source: Company presentation 

The AST-OPC1 cells were administered via a table-mounted syringe positioning 

device (SPD) by direct intra-parenchymal injection (in 50l) into the spinal cord 

lesion.  Patients also will receive short-term immunosuppressant, tacrolimus, 

over the first 60 days for preventing rejection. Patients will be monitored by 

MRI scans (5X) over 12 months for assessing status of the injection site and 

surrounding tissues (Figure 6). The primary endpoint is safety; while secondary 

endpoints include neurological function measured by upper extremity motor 

scores (UEMS) and motor level on ISNCSCI examinations at 30, 60, 90, 180, 

and 365 days. Exploratory assessments include Spinal Cord Independence 

Measure (SCIM) and Graded and Redefined Assessment of Strength, Sensibility 

and Prehension (GRASSP).    
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Figure 6: Detailed AST-OPC1 Phase I/II  trial schema 

  

Source: Company presentation 

Next Step AST is expected to enter a catalyst-rich period in 2017 and 2018 

mainly on AST-OPC1 clinical advancements. In early 3Q17, AST will report 

the 12 month results of the 10
7
 cells cohort (cohort 2). Patient recruitment of the 

2 x10
7
 cells cohort (cohort 3) is expected to complete in 2Q17 and its 6-month 

and 12-month results reporting are scheduled for 4Q17/1Q18 and 3Q18. 

respectively. In addition, AST will schedule a meeting with the FDA in mid-

2017 or 3Q17 to discuss the data and possible path forward with the potential 

randomized Phase IIb study design established in 3Q17 and commencement of 

the trial in early 2018. For the initial FDA meeting, we believe AST could have 

more matured clinical data from cohort 1 and 2, and some less matured (for 

example, fewer patients in 6 months) clinical data from cohort 3 and 4 to 

provide the agency broader prospective and potential of the AST-OPC1 therapy.   

For all AIS-B studies, patient recruitment for cohort 4 (10
7
 cells) is expected to 

complete in 2Q17 and its 6-month and 12-month data readouts could be 

scheduled for 4Q17/1Q18 and 4Q18, respectively. Patient recruitment for cohort 

5 (2x10
7
 cells) might start in 3Q17 and expected to complete in 1Q18 and its 6-

month and 12-month results reporting are scheduled for 3Q18 and 2019, 

respectively. 

What is AST-OPC1 

AST-OPC1 is comprised of oligodendrocyte progenitor cells (OPCs) initially 

derived from human embryonic stem (ES) cells, which was first developed by 

Geron. It was part of the stem cell assets that Geron divested in 4Q13 to 

BioTime as the company decided to focus on non-cellular therapeutic 

developments. From preclinical studies, AST-OPC1 cells could replace 

damaged OPCs caused by spinal cord injury after injection and become 

oligodendrocytes to facilitate the recovery process (Figure 7).  

 

 

Patient recruitment of the 2 x107 

cells cohort (cohort 3) is expected to 

complete in 2Q17 and its 6-month 

and 12-month results reporting are 

scheduled for 4Q17/1Q18 and 

3Q18, respectively. 

Patient recruitment for cohort 4 

(107 cells) is expected to complete 

in 2Q17 and its 6-month and 12-

month data readouts could be 

scheduled for 4Q17/1Q18 and 

4Q18, respectively.    

AST-OPC1 is comprised of 

oligodendrocyte progenitor 

cells (OPCs) initially derived 

from human embryonic stem 

(ES) cells. 
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Figure 7: Rationale for adding oligodendrocyte progenitor cells for treating spinal cord 

lesions  

  

Source: Company presentation  

Injected AST-OPC1 cells could facilitate the re-myelination of axons; secrete 

neurotrophic factors that encourage neuro-regeneration and sprouting of new 

nerve endings; and induce the formation of new blood vessels. With the 

formation of appropriate new tissues, the spinal cord could avoid the formation 

of parenchymal cavitation, which is the consequence of heavy inflammatory 

activities shortly after the injury (Figure 8 and 9). 

Figure 8: Adding AST-OPC1 cells reduced cavity formation in mouse model   

  

Source: Company presentation 

Figure 9: Adding AST-OPC1 cells could increase myelination (left), stimulate neurite 

growth (top right) and neovascularization (bottom right) in mouse model   

  

Source: Company presentation  
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AST-OPC1 in SCI also received an orphan drug designation by the FDA in 

1Q16. In addition, AST believes that AST-OPC1 also could have the potential 

to treat stroke and multiple sclerosis. 

Pathophysiological changes after spinal cord injury 

After spinal cord injury, there are a series of biochemical and physiological 

activities that potentially lead to tetraplegia, paraplegia or milder disabilities. 

The damages of SCI are caused by two separate mechanisms: primary injury 

(initial mechanical damage), and secondary injury (changes due to vascular and 

biochemical effects) (Figure 10). Post injury, SCI could further be categorized 

chronologically into acute, subacute and chronic stages.  

Figure 10: Pathophysiological progression of traumatic SCI based on rat model 

  

Source: InVivo Therapeutics company presentation  

During the acute phase of SCI, hemorrhage, cell necrosis, and local edema that 

occur on the site of impacts were caused by the mechanical impact.  Other 

systemic events could happen including systemic hypotension, spinal shock, 

vasospasm and ischemia. During the subacute phase, which lasts for several 

weeks after the injury, some of the acute phase events continue along with 

cascade of secondary injury events, mainly including inflammation (driven by 

immune cells secreting pro-inflammatory cytokines, like IL-1β. IL-6 and TNF-

α), apoptosis, demyelination and neurotransmitter/electrolyte disturbances. The 

inflammatory response, typically starting 12 – 24 hours later, could clear 

cellular debris, but could also prevent the regeneration of surviving neurons and 

would damage healthy tissue and exacerbate the injury. Methylprednisolone, an 

anti-inflammatory agent, has been used for reducing inflammation at this stage. 

Four types of immune cells are attracted to the site of SCI: neutrophils, 

monocytes (macrophage), microglia, and T-lymphocytes. Macrophages usually 

last much longer while other immune cells eventually disappear. Starting from 

the subacute phase and continuing to the chronic phase (which is generally 

defined as several weeks after injury), a process called “cavitation” progresses, 
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resulting in a scar-encapsulated cavity (which replaces the gray matter that was 

there) in the spinal cord, typically many times the size of the initial lesion 

(Figure 11). The mechanism of cavitation is suggested to be through interactions 

from various activities, such as hypertrophic astrocytes, ischemia and glial scar 

formation, resulting in a physical and chemical barrier to the process of neuro-

regeneration.     

Figure 11: Major features of the three phases of traumatic SCI  

  

Source: Oyinbo, C. A., Acta Neurobiol. Exp.71: 281-299 (2011)  

 

Figure 12: The end results of a traumatic SCI  

  

Source: New approaches to repair of spinal cord injury (Mayo Clinic, College of Medicine)  

 

Acute Sub-Acute Chronic

Systemic hypotension and spinal shock

Vasoplasm Vasoplasm

Cell death from direct insult Cell death from direct insult

Ischemia Ischemia

Oedema Oedema

Derangements in ionic homeostasis Derangements in ionic homeostasis 

Accumulation of neurotransmitters Accumulation of neurotransmitters

Plasma membrane compromise Plasma membrane compromise / permeability

Free-radical production

Lipid peroxidation

Nitrous oxide excess 

Conduction block

Excess noradrenaline

Energy failure and decreased ATP

Immune cells invasion and release of cytokines

Inflammatory mediated cell death

Neurite growth-inhibitory factors

Central chromatolysis

Vertebral compression / column instability

Demyelination of surviving axons Continued demyelination 

Apoptosis Continued apoptosis 

Initiation of central cavitation Continued central cavitation 

Astroglial scar launch Glial scar / syrinx formation 

Alteration of ion channels and receptors

Regenerative processes, including sprouting by neurons

Altered neurocircuits

Syringomyelia 

Upper rectangular shade: events common to acute and secondary phase and lower rectangular shade: events common to secondary phase and chronic phase
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Clinical manifestation of spinal cord injury overview 

Treatment and management of spinal cord injury (SCI) remain a major unmet 

medical need in the U.S. and ROW.  It is estimated that in the U.S., the annual 

incidences of SCI are ~17,000; while the prevalence is 276,000 according to 

data from the National SCI Statistical Center. Major causes of SCI in the U.S. 

are from vehicle crashes (~37%) and falls. SCI has a significant impact on the 

society given the average age of injury is only 28.7 years old and 58% of those 

injured were employed at the time of their injury. 

The spinal cord is part of the central nervous system (CNS) and is responsible 

for connecting and transferring information between the brainstem of the brain 

and the peripheral nervous system.  Structurally, the spinal cord is a long and 

thin tubular bundle of nervous tissue and support cells. The spinal cord is 

surrounded by rings of bone called vertebrae, and each segment of the spinal 

cord is named according to the corresponding vertebrae. Vertebrae are grouped 

into sections and descending from the head region, they are the cervical, 

thoracic, lumbar, sacral and coccygeal segments. The cervical segment has 8 

pairs of cervical nerves (C1 – C8); while thoracic segment has 12 pairs of 

thoracic nerves (T1 – T12); lumbar segment has 5 pairs of lumbar nerves (L1 – 

L5); sacral segment has 5 pairs of sacral nerves (S1 – S5); and 1 coccygeal 

segment (Figure 13 left).   

For the cervical segment, the cervical nerves could be further divided into the 

high cervical nerves (C1 – C4) and low cervical nerves (C5 – C8). SCIs on the 

high cervical nerves are usually the most severe cases and patients frequently 

require personal care 24 hours per day. SCI of the low cervical nerves is 

currently most relevant to AST’s near-term product development. Nerves C5 - 

C8 correspond to the nerves controlling the arms and hands.  Specifically, C5 

corresponds to elbow flexors, and if injured, might cause total paralysis of the 

wrists, hands, trunk and legs and can also cause weakened breathing. C6 

corresponds to nerves affecting wrist extension and affected patients might also 

have paralysis of wrists, hands, trunk and legs and could also have weakened 

breathing. C7 corresponds to nerves affecting elbow extension and some finger 

extension. Patients could have normal movement of their shoulders but be 

handicapped on their voluntary control of bowel or bladder. C8 corresponds to 

nerves affecting some hand and finger movements. Patients could have the 

ability to grasp and release objects, but be handicapped by lack of voluntary 

control of the bowel or bladder (Figure 13 right).  

 

 

 

 

 

Nerves C5 - C8 correspond to the 

nerves controlling the arms and 

hands.  Specifically, C5 corresponds 

to elbow flexors; C6 corresponds to 

nerves affecting wrist extension; C7 

corresponds to nerves affecting 

elbow extension and some finger 

extension; and C8 corresponds to 

nerves affecting some hand and 

finger movements. 
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Figure 13: Spinal cord (left) and detailed corresponding function of C5 to T1(right) 

   

Source: Company presentation  

The annual average expense for taking care of cervical SCI patients is quite 

substantial.  For instance, patients with SCI of the high cervical nerves (high 

tetraplegia), the costs would be $1.1MM for the first year and $185k per each 

year thereafter. For SCI of the low cervical nerves (low tetraplegia), the costs 

would be $770k for the first year and $115k per each year thereafter. Even for 

paraplegia patients, annual expenses for the first and subsequent years are 

~$520K and ~$70K, respectively. Estimated lifetime costs of a high and low 

tetraplegia patient, if injured at age 25, could reach $4.8MM and $3.5MM, 

respectively. SCI has a strong gender bias given approx. 80% of them are male. 

In addition, vehicle accidents (38%) and falls (31%) account for near 70% of 

SCIs in the U.S.  

Clinical instruments for quantifying and measuring changes after spinal 

cord injury 

The International Standards for Neurological Classification of Spinal Cord 

Injury (ISNCSCI) are widely accepted for classification of the location, severity 

and extent of a human spinal cord injury (SCI). The ISNCSCI was developed by 

the American Spinal Injury Association (ASIA) (Figure 14); and was derived 

from an earlier developed Frankel Classification.  

The classification tool is comprised of both sensory and motor examination in 

order to determine the neurological level of the injury and the severity of the 

Estimated lifetime costs of a high and 

low tetraplegia patient, if injured at age 

25, could reach $4.8MM and $3.5MM, 

respectively. 
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injury. The completeness of the injury is graded according to the ASIA 

Impairment Scale (AIS). 

Figure 14: ISNCSCI examination 

  

Source: Company presentation  

The ASIA Impairment Scale is classified into five categories. It is based on a 

patient’s ability to feel sensation at multiple points on the body and motor 

function capabilities at multiple points on the body. It is modified from an 

earlier Frankel classification. 

 Grade A: Complete - lack of motor and sensory function below the 

level of injury and extends through sacral segments S4-S5  

 Grade B: Incomplete - Some sensation but not motor function left 

below the level of the injury and extends through sacral segments S4-S5 

 Grade C: Incomplete - Some muscle movement retained below the 

level of injury, but near half of the muscles below the level of injury 

cannot move against gravity (muscle grade < 3). 

 Grade D: Incomplete – Greater than 50% of motor function is 

preserved below the level of injury and muscles are strong enough to 

move against gravity (muscle grade > 3). 

 Grade E: Normal – Sensory and motor functions are normal. 

Spinal cord independence measure (SCIM) This measure is developed for 

accessing three specific areas of function in SCI patients:  

1. Self-care (feeding, grooming, bathing, and dressing),  

2. Respiration and sphincter management, and  

3. Mobility abilities (bed and transfers and indoors/outdoors).  
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SCIM could help to guide clinicians in determining treatment goals and provide 

benefits to both patients and physicians with the understanding of the limitations 

and expectation of a SCI. 

Further developments Dr. John Steeves of Spinal Cord Outcomes Partnership 

Endeavor (SCOPE) and International Collaboration On Repair Discoveries 

(ICORD) mentioned, during AST’s recent conference call, that they are 

developing and likely to publish a spinal cord ability ruler in the near future that 

could provide more detailed scales tracking sensory and motor function changes 

after treatment to potentially better assess the therapeutic impacts. AST could 

potentially incorporate these assessments into their future trial design.   

Limited competition in drug development for spinal cord injury 

On the competitive side, despite the significant unmet medical need in SCI 

treatment, development of therapeutics has evidently been very challenging. 

Many programs have failed over the last several decades. We identified only a 

few programs that are in active development (Figure 15). Among them, VX-210 

is a more advanced (Phase II/III) development in cervical SCI by Vertex 

Pharmaceuticals. InVivo Therapeutics is developing a neuro-spinal scaffold in 

thoracic SCI and expects to complete the pivotal trial (INSPIRE) in 2H17 with 

HDE (Humanitarian device exemption) submission in late 2017 or early 2018 

and possible approval later in 2018. A recombinant human hepatocyte growth 

factor and SC0806 (Heparin-activated FGF1) developed by Kringle Pharma and 

BioArctic AB, respectively are in a Phase I/II trial in acute and chronic SCI. 

 VX-210 Vertex is developing VX-210 (formerly BA-210 or Cethrin 

which was licensed from privately owned BioAxone in 1Q15) as a 

potential treatment for traumatic acute cervical spinal cord injury and it 

is in Phase II/III trial which started in 1Q16.  VX-210 is an inhibitor 

against Rho GTPase and is believed to block neural regeneration after 

injury. It is a double-blind, 150-patient, randomized, placebo controlled 

study. The trial will test two doses of VX-210 (3 mg and 9 mg) and 

placebo. Eligible patients are those who have SCI at motor level of C4, 

C5, or C6 on each side. Patients will undergo a spinal decompression/ 

stabilization surgery within 72 hours of the initial injury and VX-210 

will be delivered during the surgery. The primary endpoint is upper 

extremity motor score (UEMS) changes from the baseline and at 6 

months after treatment. The study could be completed in mid-2018 

based on information from clinicaltrials.gov.  In the earlier Phase IIa 

open-label trial, VX-210 (3 mg) showed ASIA motor score 

improvement (27 vs. 10 points of historical data). More (31% vs. 8% of 

historical data) cervical patients regained some motor function and 

converted to ASIA C or better.  

 Neuro-Spinal Scaffold InVivo Therapeutics is developing a Neuro-

Spinal Scaffold as a potential treatment for acute thoracic SCI.  It is in a 

20-patient pivotal (INSPIRE) study in support for a potential approval 

under a Humanitarian device exemption (HDE) application. The 

We identified only a few 

programs that are in active 

development.  
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primary endpoint is improvement (which needs to be 25% or higher) in 

ASIA Impairment scale (AIS) grade vs. historical data (which 

demonstrated ~16% improvement) by 6 months. The company guided 

to complete the study in 2H17 and already started the initial step for 

filing for approval and possibly complete the process in early 2018.   

 Bioengineered Neural Trails This is a therapy developed by InVivo 

Therapeutics as a potential treatment for chronic SCI. The product is a 

combination of neural stem cells and an injectable scaffold and it is in 

preclinical development.      

 ProCord Proneuron Biotechnologies is developing an autologous 

activated macrophage therapy, ProCord, as a potential treatment for 

acute complete spinal cord injury. The rationale for this therapy is that 

macrophages are usually mobilized to the injury sites after injury to 

promote controlled inflammatory reaction as an initial phase of the 

wound healing process. This process does not occur in the central 

nervous system (CNS), including the spinal cord. ProCord consists of 

macrophages isolated from the patient's own blood, co-incubated with 

the patient's skin in a proprietary process and then injected directly into 

the patient's injured spinal cord. The turnaround for the entire process is 

estimated to be two days. Patient recruitment of a Phase II trial is 

currently suspended.  

 Recombinant human hepatocyte growth factor (rhHGF) Kringle 

Pharma, an Osaka Japan-based privately owned company, is exploring 

rhHGF as a potential treatment for acute spinal cord injury. It is 

currently in a Phase I/II trial in Japan. HGF has a potent regenerative 

healing ability not only in liver cells, but also a wide variety of other 

cells and organs. rhHGF is scheduled to be administrated intrathecally 

within 72 hours of injury and then once daily for 5 days.  

 SC0806 BioArctic AB is developing SC0806 as a potential treatment 

for chronic complete spinal cord injury. The therapy is a biodegradable 

device combined with a growth factor (heparin-activated FGF1 and 

peripheral nerve implant) designed to support the regeneration of nerves 

in the spinal cord, as well as restoring its function. It is under a Phase 

I/II trial (n=27) in Sweden. Eligible patients are those of 4 to 48 months 

post SCI. 

 NSI-566 Neuralstem developed a spinal cord-derived neural stem cells, 

NSI-566 as a potential treatment for chronic SCI. The program is 

currently in Phase I trial and it has treated 4 thoracic patients and plans 

to treat 4 cervical patients. NSI-566 is also in Phase I trial in chronic 

motor stroke and Phase I and Phase IIa studies in amyotrophic lateral 

sclerosis (ALS). Patients from all three indications are currently in long-

term observational follow-up periods to continue to monitor safety and 

possible therapeutic benefits. Neuralstem is using outsourced funding to 

advance its cell therapy programs forward. 
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Figure 15: Selected clinical developments of SCI  

 

Source: Laidlaw & Company equity research 

AST-OPC1 in SCI revenue model. Our model (Figure 16) projects that AST-

OPC1 could potentially reach the market in late 2022 assuming completion of a 

positive pivotal trial after positive outcomes of a Phase IIb trial which is to start 

in early 2018. Assuming a therapy cost of $220k and 50% and 40% penetration 

for the complete and incomplete low tetraplegia, respectively, we estimate total 

annual peak sales for AST-OPC1 could approach $550MM by 2030 in the U.S.  

In addition, we also assume a potential approval and product launch could occur 

in Japan based on the country’s amicable regulatory environment for accepting 

effective cell therapy. We model a potential approval and launch in 2024 and a 

more conservative pricing (75% of that of the U.S.) and market penetration 

rates, we estimate potential annual peak sales could reach $80MM. In addition, 

we also model a potential approval in Europe with peak annual sales exceeding 

$300MM. Together, we estimate potential global peak sales for AST-OPC1 

could potentially reach $1 billion. We also assume AST will launch AST-OPC1 

in the U.S. and partner for commercialization in the EU and Japan, for which 

AST would receive sales-based royalty payments of 35%   

  

Product Developer Ticker Indication Stage Target Type Comments
VX-210 Vertex Pharmaceuticals VRTX SCI (cervical, acute) Phase II/III Rho GTPase inhibitoe Fusion protein formulated in fibrin sealant Possibly complete in 2018

Neuro-Spinal Scaffold InVivo Therapeutics NVIV SCI (thoracic, acute) Pivotal PLGA scaffold Possibly HDE submission in  early 2018

Bioengineered Neural Trails InVivo Therapeutics NVIV SCI (chronic) Preclinical Cell therapy plus scaffold

Recombinant human hepatocyte growth factor Kringle Pharma SCI (acute) Phase I/II rhHGF

SC0806 BioArctic AB SCI (chronic) Phase I/II Heparin-activated FGF1

NSI-566 Neuralstem CUR SCI (chronic) Phase I Cell therapy Spinal cord-derived neural stem cells

AST-OPC1 Asterias Biotherapeutics AST SCI (cervical, subacute) Phase I/II Cell therapy Possibly start Phase Iib trial in 1H18
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Figure 16: AST-OPC1  in SCI revenue model 

  

Source: Laidlaw & Company estimates 

   

  

AST-OPC1 in Spinal Cord Injury (SCI) Revenue Model 
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Total U.S. SCI annual incidences 17,308 17,412 17,516 17,621 17,727 17,833 17,940 18,048 18,156 18,265 18,375 18,485

SCI at cervical level 8,827 8,880 8,933 8,987 9,041 9,095 9,150 9,204 9,260 9,315 9,371 9,427

% of complete tetraplegia (CT) 26% 26% 26% 26% 26% 25% 25% 25% 25% 25% 25% 25%

Total U.S. complete tetraplegia SCI annual incidences 2,260 2,273 2,287 2,301 2,305 2,310 2,324 2,338 2,352 2,357 2,371 2,385

% of CT patients eligible for AST-OPC1 therapy (AIS-A) 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92%

Complete tetraplegia patients receive AST-OPC1 therapy 2,072 2,085 2,097 2,110 2,114 2,118 2,131 2,144 2,157 2,161 2,174 2,187

% of incomplete tetraplegia (IT) 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

Total U.S. incomplete tetraplegia SCI annual incidences 2,657 2,673 2,689 2,705 2,721 2,738 2,754 2,771 2,787 2,804 2,821 2,838

Total U.S. tetraplegia SCI patients eligible for AST-OPC1 4,729 4,757 4,786 4,815 4,835 4,856 4,885 4,914 4,944 4,965 4,995 5,025

% of CT (AIS-A) patients received AST-OPC1 therapy 1% 4% 10% 20% 29% 37% 42% 45% 48% 51% 52%

CT patients received AST-OPC1 therapy 21 84 211 423 614 789 900 971 1,037 1,109 1,137

% of IT (AIS-B) patients received AST-OPC1 therapy 1% 2% 5% 12% 20% 27% 32% 37% 39% 41% 42%

IT patients received AST-OPC1 therapy 27 54 135 327 548 744 887 1,031 1,094 1,156 1,192

Total patients received AST-OPC1 therapy 48 138 346 749 1,162 1,532 1,787 2,002 2,131 2,265 2,329

AST-OPC1 therapy annual treatment costs ($) 220,000 224,400 228,888 233,466 238,135 242,898 247,756 252,711 257,765 262,920 268,179

U.S. AST-OPC1 therapy in AIS-A CT sales ($MM) 5 19 48 99 146 192 223 245 267 292 305

U.S. AST-OPC1 therapy in AIS-B IT sales ($MM) 6 12 31 76 130 181 220 261 282 304 320

The U.S. AST-OPC1 therapy in SCI sales ($MM) 10 31 79 175 277 372 443 506 549 596 625

Total EU SCI annual incidences 17,308 17,412 17,516 17,621 17,727 17,833 17,940 18,048 18,156 18,265 18,375 18,485

SCI at cervical level 8,827 8,880 8,933 8,987 9,041 9,095 9,150 9,204 9,260 9,315 9,371 9,427

% of complete tetraplegia (CT) 26% 26% 26% 26% 26% 25% 25% 25% 25% 25% 25% 25%

Total EU complete tetraplegia SCI annual incidences 2,260 2,273 2,287 2,301 2,305 2,310 2,324 2,338 2,352 2,357 2,371 2,385

% of CT patients eligible for AST-OPC1 therapy (AIS-A) 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92%

Complete tetraplegia patients receive AST-OPC1 therapy 2,072 2,085 2,097 2,110 2,114 2,118 2,131 2,144 2,157 2,161 2,174 2,187

% of incomplete tetraplegia (IT) 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

Total EU incomplete tetraplegia SCI annual incidences 2,657 2,673 2,689 2,705 2,721 2,738 2,754 2,771 2,787 2,804 2,821 2,838

Total EU tetraplegia SCI patients eligible for AST-OPC1 4,729 4,757 4,786 4,815 4,835 4,856 4,885 4,914 4,944 4,965 4,995 5,025

% of CT (AIS-A) patients received AST-OPC1 therapy 2% 7% 17% 24% 29% 33% 36% 37%

CT patients received AST-OPC1 therapy 42 148 362 515 625 713 783 809

% of IT (AIS-B) patients received AST-OPC1 therapy 1% 4% 9% 14% 19% 23% 27% 30%

IT patients received AST-OPC1 therapy 27 110 248 388 530 645 762 851

Total patients received AST-OPC1 therapy 69 258 610 902 1,155 1,358 1,544 1,661

AST-OPC1 therapy annual treatment costs ($) 168,300 171,666 175,099 178,601 182,173 185,817 189,533 193,324 197,190 201,134

EU AST-OPC1 therapy in AIS-A CT sales ($MM) 7 26 66 96 119 138 154 163

EU AST-OPC1 therapy in AIS-B IT sales ($MM) 5 20 45 72 100 125 150 171

The EU AST-OPC1 therapy in SCI sales ($MM) 12 46 111 168 219 263 305 334

Total Japan SCI annual incidences 5,213 5,244 5,275 5,307 5,339 5,371 5,403 5,436 5,468 5,501 5,534 5,567

SCI at cervical level 2,658 2,674 2,690 2,707 2,723 2,739 2,756 2,772 2,789 2,806 2,822 2,839

% of complete tetraplegia (CT) 26% 26% 26% 26% 26% 25% 25% 25% 25% 25% 25% 25%

Total U.S. complete tetraplegia SCI annual incidences 681 685 689 693 694 696 700 704 708 710 714 718

% of CT patients eligible for AST-OPC1 therapy (AIS-A) 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92%

Complete tetraplegia patients receive AST-OPC1 therapy 624 628 632 635 637 638 642 646 650 651 655 659

% of incomplete tetraplegia (IT) 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

Total U.S. incomplete tetraplegia SCI annual incidences 800 805 810 815 820 824 829 834 839 844 850 855

Total Japan tetraplegia SCI patients eligible for AST-OPC1 1,424 1,433 1,441 1,450 1,456 1,463 1,471 1,480 1,489 1,495 1,504 1,513

% of CT (AIS-A) patients received AST-OPC1 therapy 3% 7% 14% 19% 23% 27% 29% 30% 31%

CT patients received AST-OPC1 therapy 19 45 89 122 149 175 189 196 204

% of IT (AIS-B) patients received AST-OPC1 therapy 2% 5% 12% 17% 20% 23% 25% 27% 28%

IT patients received AST-OPC1 therapy 16 41 99 141 167 193 211 229 239

Total patients received AST-OPC1 therapy 35 86 188 263 315 368 400 426 444

AST-OPC1 therapy annual treatment costs ($) 168,300 171,666 175,099 178,601 182,173 185,817 189,533 193,324 197,190 201,134

Japan.AST-OPC1 therapy in AIS-A CT sales ($MM) 3 8 16 22 28 33 36 39 41

Japan.AST-OPC1 therapy in AIS-B IT sales ($MM) 3 7 18 26 31 37 41 45 48

The Japan AST-OPC1 therapy in SCI sales ($MM) 6 15 34 48 59 70 77 84 89

The WW AST-OPC1 therapy in SCI sales ($MM) 10 31 85 202 356 531 669 795 889 984 1,048

Total ex-U.S, revenue ($MM) 6 27 80 159 226 289 340 388 423

Total ex-U.S, royalty revenue ($MM) 2 10 28 56 79 101 119 136 148
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Two Cancer Vaccines, AST-VAC1 and AST-VAC2, 
Potentially Provide Autologous and Allogeneic Therapies for 
Different Cancers 

Telomerase targeted cancer vaccine could be a novel therapy for 
Acute Myeloid Leukemia (AML) and solid tumors 

In addition to AST-OPC1, AST is also developing two cancer vaccines, which 

were part of the assets the company inherited from Geron. Formerly called 

GRNVAC1, AST-VAC1 and the subsequently developed AST-VAC2 are 

cancer vaccines that target human telomerase (hTERT). Telomerase is a reverse 

transcriptase that adds new DNA onto the telomeres. Telomeres are a region of 

repetitive (many kilobases in length) nucleotide sequences (mainly TTAGGG) 

located at each end of a chromosome with the function of protecting the end of 

the chromosome from deterioration or from fusion with neighboring 

chromosomes (Figure 17). It is also known that in normal cells, the telomeres 

length is shortened after each round of cell division and ultimately limits the 

number of cellular divisions (replicative senescence) and the ultimate life span 

of a cell.   

In cancer cells, which are capable of carrying out unlimited and unchecked cell 

divisions, the ability of telomeres’ shortening is impaired and the cause of this 

phenomenon is mainly due to overactive telomerase activity. In fact, telomerase 

has been detected in approximately 90% of all malignant tumors, and its 

presence also signals a potentially poor prognosis for cancer progression. Given 

its differentiating level of expression between the normal and cancer cells, 

telomerase has been a favorable target for potential cancer treatment. Two 

general approaches are being explored currently: one that uses a smaller size 

oligonucleotide or molecular compound as a telomerase inhibitor. Such as 

Imetelstat developed by Geron and Tipifarnib developed by Kura 

Oncology.  Imetelstat is in Phase II (IMbark) and II/III (IMerge) trials in 

myelofibrosis (MF) and MDS, respectively. Tipifarnib is in several Phase II 

trials in solid tumors, MDS and CML. The second is as a target of a cancer 

vaccine, of which AST-VAC1 and AST-VAC2 are part of development. 

Production of AST-VAC1 and AST-VAC2 started by isolating monocytes, 

followed by differentiating them into dendritic cells, and subsequently 

transfected with hTERT encoding mRNA and the lysosomal targeting signal 

LAMP(4,5). The purpose of LAMP(4,5) is to direct the telomerase RNA to the 

lysosome and later to a particular part of the cell membrane. The function of 

dendritic cells is to present the antigen (mostly small peptides) via 

AST-VAC1 and the subsequently 

developed AST-VAC2 are cancer 

vaccines that target human 

telomerase (hTERT). 

Telomerase has been detected in 

approximately 90% of all malignant 

tumors, and its presence also 

signals a potentially poor 

prognosis for cancer progression.  
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histocompatibility complex (MHC) to a proper TCR of the T cell in order to 

expand the proper T cell clones to fight off cancer cells (Figure 17).   

Figure 17: Dendritic cell in antigen presentation (left), and telomerase (right)   

   

Source: Company presentation  

AST-VAC1 is an autologous cancer vaccine  

AST-VAC1 is an autologous cancer vaccine given the monocytes are taken 

from each treated patient for processing. AST-VAC1 is administered via 

intradermal injection which facilitates trafficking to lymph nodes to activate 

cytotoxic T-cells and other immune cells to eradicate telomerase expressing 

tumor cells.  

A Phase II open-label trial conducted in 2009 that evaluated AST-VAC1 in 

acute myeloid leukemia (AML) patients who were in complete clinical 

remission (n=19 with 16 CR1 and 3 CR2) has shown promising results. All 

patients were intermediate and high risk based on cytogenetics criteria. A 

longer-term follow-up study demonstrated that at a median follow-up of 52 

months, 58% (11/19) of the patients remained in complete remission. The 

historical data suggests that 20 – 40% of patients were relapse free at 3 - 4 years 

(Figure 18). In addition, of a subset of patients who were of very high risk and 

older than 60 years of age (n=7), 57% (4/7) remained relapse free at a median 

follow up of 54 months; while the historical norm was 10 - 20% at 3 - 4 years. 

  

AST-VAC1 is an autologous 

cancer vaccine given the 

monocytes are taken from each 

treated patient for processing. 

A subset of patients who were of 

very high risk and older than 60 

years of age, 57% remained 

relapse free at a median follow 

up of 54 months; while the 

historical norm was 10 - 20% at 

3 - 4 years.  
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Figure 18: AST-VAC1 in AML Phase II relapse free survival results (left), and 2015 ASCO presentation (right)   

   

Source: Company presentation and Khoury, H.J. et. Al., 2015 ASCO presentation 

For the Phase II study, patients received prime vaccinations (weekly for 6 

weeks) followed by a 4-week break before taking multiple boost vaccinations 

(every other week for 12 weeks followed by a monthly extended boost) (Figure 

19). The study also includes 2 patients with early relapse. The safety profile of 

AST-VAC1 overall is favorable and tolerable with one possible therapy-related 

SAE (idiopathic thrombocytopenic purpura or ITP). The primary endpoint of the 

trial was feasibility of manufacture, and safety and tolerability. The secondary 

objectives were hTERT immunologic response and relapse-free survival. 

Immune response to telomerase was evaluated by enzyme-linked 

immunosorbent spot (ELISPOT) assay for detecting the presences of activated 

hTERT-specific T-cells. Approximately 55% (11/19) of patients have developed 

such positive immune responses.   

Figure 19: AST-VAC1 in AML Phase II trial design 

  

Source: Khoury, H.J. et. Al., 2015 ASCO presentation 

Next step. AST conducted an End of Phase II (EOP2) meeting with the FDA in 

1Q16 and the agency suggested that one Phase III trial would be sufficient for 

potential BLA filing via an accelerated approval pathway for AST-VAC1 in 

AML. AST expects the Phase III trial could be a placebo-controlled study with 

relapse-free-survival as the primary endpoint, and overall survival as the 

secondary endpoint. The study expects to recruit AML patients 60 years and 
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older, younger individuals who are at high risk for relapse and allogeneic bone 

marrow transplantation ineligible patients. AST is contemplating requesting a 

Special Protocol Assessment (SPA) status.  

Near term, AST is working on optimizing the production process for AST-

VAC1 in order to reduce cycle time and COGS. The company expects to 

complete this task by 3Q17. Since the production of autologous cell therapy 

could be costly and time-consuming, and given the tepid sales of Provenge 

(controversial efficacy also is an issue) by Dendreon (sold to Valeant 

Pharmaceuticals and recently to Sanpower Group of China for ~$820MM), 

streamlining the autologous cell therapy process and making it more cost 

effective would be a critical first step for a potentially successful product.  

AST is contemplating starting a Phase IIb trial in 2018 to further evaluate the 

potential of AST-VAC1 in AML. It would be a confirmatory randomized and 

placebo controlled study that potentially could expand clinical information and, 

if positive, could further de-risk the AST-VAC1 in AML development. We 

anticipate AST to potentially provide more details on the timeline for AST-

VAC1 advancement later in 2017.    

AST-VAC2 is an allogeneic cancer vaccine  

One of the major differences between AST-VAC1 and AST-VAC2 is that the 

latter is an allogeneic cancer vaccine.  The dendritic cells contained in AST-

VAC2 originally derived from AST’s embryonic stem cell platform. The mature 

allogeneic dendritic cells are subsequently transfected with hTERT and 

LAMP(4,5) to make AST-VAC2. The major advantages of AST-VAC2 are its 

lower manufacturing costs, it is easily scalable, and it would provide a more 

uniform composition compared to AST-VAC1. Given this is an off-the-shelf 

product, management believes it could be more easily combined with other 

immune-oncology therapies, such as checkpoint inhibitors, to potentially 

generate a greater therapeutic impact. 

AST consummated a collaboration with Cancer Research UK (CRUK) in 3Q14, 

with the latter to fund and carry out a Phase I/IIa trial evaluating AST-VAC2 in 

non-small cell lung cancer (NSCLC) with a trial expected to start in mid-2017 

or early 3Q17. CRUK funding encompasses expenses for GMP manufacturing, 

regulatory filing, and a Phase I/IIa trial. Should the Phase I/IIa trial be 

successful, AST will take over for the continued development; while CRUK will 

be entitled for modest milestones and royalties. The Phase I/IIa trial is an open 

label study that evaluates AST-VAC2 in patients in remission after successful 

surgical resection (Stage II, n=12) and patients who’ve successfully completed 

first line therapies (Stage III and IV, n=12). Patients will receive 6 doses of 

AST-VAC2 (10
7
 cells) on a weekly basis unless disease progression or 

intolerability occur. Major endpoints include safety, immune response and 

recurrence rate for resectable patients.  We estimate an initial data readout will 

occur in 2018. 

AST is working on optimizing 

the production process for AST-

VAC1 in order to reduce cycle 

time and COGS. The company 

expects to complete this task 

by 3Q17 

AST is contemplating starting 

a Phase IIb trial in 2018 to 

further evaluate the potential 

of AST-VAC1 in AML 

The major advantages of AST-

VAC2 are its lower manufacturing 

costs, it is easily scalable, and it 

would provide a more uniform 

composition compared to AST-

VAC1  

CRUK funds and carries out a 

Phase I/IIa trial evaluating AST-

VAC2 in non-small cell lung cancer 

(NSCLC) with a trial expected to 

start in mid-17 or early 3Q17.  
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Human telomerase cancer vaccines competitors. Since high levels of 

telomerase expression are found in many tumor types, but not in normal cells 

(only transiently in bone marrow, stem cell and germ lines), it is logical to target 

telomerase as a potential cancer treatment. Our search has identified a handful 

of clinical programs for developing telomerase focused cancer vaccines (Figure 

20). Most of the developments are in early to mid- clinical stage with one 

approved (in Korea) product but with controversial clinical data.   

Figure 20: Selected clinical developments of human telomerase cancer vaccines 

 

Source: Laidlaw & Company equity research 

 Riavax (GV1001) Riavax is a telomerase peptide vaccine (Peptide 

p545) that was approved in Korea in 3Q14 for treating locally advanced 

or metastatic pancreatic cancer in combination with gemcitabine and 

capecitabine.  Riavax is marketed by GemVax & KAEL.  The company 

also indicated to export the product into China via a Hualian-GemVax 

joint venture. The Phase III trial (TeloVac) conducted in UK that 

evaluated GV1001 in combination with chemotherapies in advanced 

pancreatic cancer did not improve the overall survival. The results were 

published at the 2014 Lancet (8:829 – 840). TeloVac was a three-group, 

open-label, randomized phase III trial (n=1062). Median overall 

survival of the cancer vaccine/chemotherapy vs. chemotherapy was 6.9 

months vs. 7.9 months.   

 GX301 This is a tetrapeptide (540–548, 611–626, 672–686 and 766–

780) telomerase vaccine developed by the France-based Laboratoires 

Leurquin Mediolanum.  GX301 currently is undergoing a Phase II study 

as potential treatment of castration-resistant prostate cancer. The earlier 

Phase I trial demonstrated a vaccine-specific immune response in stage 

IV prostate cancer patients.  GX301 was given eight times over a 9-

week period in Phase I trial. The ongoing Phase II trial expects to enroll 

120 patients with safety, achievement of immunological response (at 

day 90 and 180) as the primary endpoint. Secondary endpoints include 

PFS, OS and serum PSA changes from baseline. 

 INVAC-1 This is a DNA vaccine encoding hTERT and is delivered to 

patients via electroporation. INVAC-1 is developed by Paris, France-

based Invectys and is currently undergoing a Phase I study in solid 

tumors (n=26). It is a dose finding (3 cohorts) study and the company 

recently announced that INVAC-1 demonstrated excellent innocuity and 

was well tolerated. The topline results could be available in 2018. 

Product Developer Ticker Indication Stage Comments
Riavax (GV1001) KAEL-GemVax 082270 KQ Pancreatic cancer. Marketed (Korea) Phase III trial (TeloVac) combo with gemcitabine and capecitabine did not improve OS

GX301 (peptide vaccine) Laboratoires Leurquin Mediolanum Prostate cancer Phase II

INO-1400 (DNA vaccine) Inovio INO Solid tumors Phase I

INVAC-1 (DNA vaccine) Invectys Solid tumors Phase I Reported in 3/16 of excellent innocuity and high tolerance in patients (n=20)

UCPVax (peptide vaccine) Invectys Non-small cell lung cancer Phase I/II Co-develop with Besancon University (n=54)

UV1/hTERT2012P (peptide vaccine) Ultimovacs Prostate cancer Phase I/II Clinicaltrial,gov indicated not recruiting participants

UV1-hTERT2012L (peptide vaccine)  Ultimovacs Non-small cell lung cancer Phase I/IIa Clinicaltrial,gov indicated not recruiting participants

UV1 vaccine + Ipilimumab Ultimovacs Melanoma Phase I/II Clinicaltrial,gov indicated not recruiting participants

hTERT peptide vaccine King's College London Solid tumors Phase I The study is called VAPER

AST-VAC1 Asterias Biotherapeutics AST AML Phase II Possibly start Phase IIb trial in 2018

AST-VAC2 Asterias Biotherapeutics AST Non-small cell lung cancer Phase I/Iia Possibly start Phase I/IIa trial in 2Q17
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 UCPVax This is the second hTERT-targeted vaccine also developed by 

Invectys.  UCPVax, a peptide vaccine, is currently undergoing a Phase 

I/II trial (n=54) in metastatic non-small cell lung cancer (NSCLC). The 

Phase I portion is a dose escalation study designed to evaluate the safety 

and to identify the MTD. The Phase II portion is a dose de-escalation 

study designed to evaluate the immunogenicity according to the dose 

level. 

 INO-1400 This is an electroporation delivered hTERT encoding DNA 

vaccine developed by Inovio Pharmaceuticals. INO-1400 is undergoing 

a Phase I trial (n=54) in solid tumors of high risk or relapse from 

standard therapy with top-line data potentially available in late 2018. 

The trial will test INO-1400 alone or INO-1400 in combination with 

INO-9012 (expressing IL-12).  

 UV1 This is a synthetic peptide vaccine developed by Oslo Norway-

based Ultimovacs A/S, and it is undergoing three clinical studies. The 

first is an open labeled dose-escalating Phase I/IIa (hTERT2012P) trial 

in hormone-sensitive metastatic prostate cancer (n=21). The objective of 

the study is to assess the safety and tolerability and immunological 

response. Patients will receive 13 vaccinations during the first 6 months 

(week 26) of treatment unless disease progression or intolerability 

occurs. GM-CSF will be administered shortly before each UV1 

vaccination.  The second is an open labeled dose-escalating Phase I/IIa 

(hTERT2012P) trial in stage IIIb and IV non-small cell lung cancer 

(n=18). Eligible patients are those who have achieved CR, PR or SD for 

at least 4 weeks after completion of standard first line therapy. The 

overall study design and objective of the trial is similar to that of the 

prostate cancer trial. The third study is a Phase I/II trial (n=12) that 

evaluates the safety and tolerability for the combination of UV1 and 

Yervoy (ipilimumab) in melanoma (metastatic or unresectable). The 

primary endpoint is the safety, while secondary endpoints are 

immunological response, treatment response and health related quality 

of life (HRQL). Clinicaltrials.gov lists that all three studies are ongoing, 

but not recruiting participants.  

 hTERT peptide vaccine This is an academia sponsored (NIHR, St 

Thomas’ NHS Foundation Trust and King’s College) Phase I trial 

evaluating the vaccine in combination with chemotherapy (low dose 

cyclophosphamide) in solid tumors. The study is composed of two parts, 

the first part has 10 patients, and if at least one patient demonstrates 

immune system and /or tumor shrinkage or stabilization, the second part 

(n=20) will start. All patients will receive eight intradermal injections of 

the hTERT peptide (700 g /2 ml) and adjuvant Montanide ISA-51 and 

Imiquimod at 3 weekly intervals. A 10-day course of low dose oral 

Cyclophosphamide is given in days 1-10 of each vaccination cycle. 
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Acute myeloid leukemia (AML) overview 

AML is a heterogeneous group of hematological cancers with a shared feature 

of proliferation of immature myeloid cells (blasts and blast equivalents) in the 

bone marrow and/or blood (blasts generally constituting greater than 20% of the 

cells). Historically, AML was classified via morphology and cytochemical 

phenotype, such as the French-American-British (FAB) system (M0-M7). A 

more current World Health Organization (WHO) system groups AML into 1) 

AML with recurrent genetic abnormalities, 2) AML with myelodysplasia-related 

changes, 3) therapy-related AML, and 4) AML not otherwise specified.  Further, 

cytogenetics are a critical prognostic factor in AML and various chromosomal 

abnormalities are correlated with the risks (difficulties) of treating AML (Figure 

21). Cytogenetic abnormalities can be detected in approximately 50% to 60% of 

newly diagnosed AML patients. 

Figure 21: Acute Myeloid Leukemia (AML) cytogenetic risk groups 

 

Source: Kumar, C. C. Genes & Cancer, 2011, 2:95-107 and others  

The annual incidence for AML in the U.S. is ~21,000 making it the second most 

common type of leukemia. The most common front-line induction 

chemotherapy for AML is the 7+3 regimen, which is comprised of cytarabine (7 

days) and anthracycline (3 days). The reported remission rate was 65%-85% in 

younger patients and < 50% in patients over 60 years of age. In patients who 

failed to achieve CR after induction therapy, two types of post-remission 

therapies could be considered: consolidation therapy with similar 

chemotherapeutic regimen, or maintenance therapy. Other chemotherapies such 

as hypomethylating agents, including Vidaza, in addition to the 7+3 regimen 

could also be used. The next step, if CR (< 5% blasts in bone marrow) is 

achieved, is patients undergo consolidation therapy. This could be additional 

courses of intensive chemotherapy (such as High-dose AraC (2-3g/m
2
) or 

hematopoietic stem cell transplantation (HSCT), if the patient is eligible 

(complete or almost complete eradication of blast cells). Maintenance therapy, 

which is less myelosuppressive than the induction and consolidation treatment, 

is used afterward in patients who have previously achieved CR. According to 

the National Cancer Institute, 60-70% of adult AML patients achieve CR 

following induction therapy. 

Risk Abnormalities
Frequency 

(%)

Complete 

remission (%)

Event-free

survival (%)

Favorable t(8;21) 5-10 90 60-70

inv(16) 5-10 90 60-70

t(15;17) 5-10 80-90 60-70

Intermediate Diploid, –Y 40-50 70-80 30-40

+8, +21, +22. 

del(7q), 

D17del(9q), 

abnormal 11q23

Unfavorable −5/–7 20-30 50 5-10

+8 10 60 10-20

11q23, 20q-, other 10-20 60 10
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It is estimated that 20-40% of newly diagnosed AML patients failed standard 

induction chemotherapy; while 50-70% of patients achieved CR relapse within 3 

years. The prognosis of relapsed and refractory AML patients is generally poor. 

For young (<60 years) patients who achieved a CR lasting less than 6-months, 

clinical trials or HSCTs could be a treatment option. For young (<60 years) 

patients who achieved a CR lasting longer than 6-months, retreatment with a 

chemotherapy regimen or a clinical trial would be the option. For older patients, 

clinical trials or agents, such as azacitidine (Vidaza), gemtuzumab ozogamicin 

(Mylotarg) and hydroxyurea are options. 

AST-VAC1 in AML revenue model. Our model (Figure 22) projects that AST-

VAC1 could potentially reach the market in late 2024 assuming completion of a 

positive pivotal trial after the outcomes of the Phase IIb trials started in 2018 are 

also positive. Assuming a $90k therapy cost and ~35% of penetration of the 

elderly AML patient market, we estimate total annual peak sales for AST-VAC1 

could approach $450MM by 2032 in the U.S.    

Figure 22: AST-VAC1  in AML revenue model 

  

Source: Laidlaw & Company estimates 

Non-small cell lung cancer (NSCLC) overview 

Lung cancer is the third most common cancer (behind breast and prostate) in the 

U.S. with a prevalence of 415,000 and an annual incidence of 225,000. Among 

lung cancers, nearly 86% (~186,000) are non-small cell lung cancer (NSCLC), 

while the remaining are small cell lung cancer (SCLC). It is unfortunate that 

most NSCLC patients often are initially diagnosed when their cancer is already 

in a more advanced stage (stage III or locally advanced and IV or metastatic) 

which accounts for nearly 70% of the total NSCLC incidences. Earlier stage, 

especially stage I patients, will initially be treated surgically to resect the tumor 

mass. NSCLC could be further divided into non-squamous (70-75%) and 

squamous (25–30%). Non-squamous could further be divided into 

adenocarcinoma (~40%) and large cell carcinoma (10-15%). The 5-year overall 

survival rate of NSCLC is ~20%; although the survival for NSCLC patients can 

vary depending on the stage. Lung cancer is the leading cause of cancer deaths 

accounting for approximately 25% of total cancer deaths.     

According to the American Joint Committee on Cancer (AJCC), NSCLC can be 

staged based on a TNM (Tumor size, lymph Nodes affected, Metastases) system 

for assessing the severity of the disease. The TNM system is based on the extent 

of the original (primary) tumor (T), the extent of spread to the lymph nodes (N), 

and the presence of distant metastasis (M). Information from the determined 

AST-VAC1 in AML maintenance Revenue Model 
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Total AML incidiences - U.S. 19,383 19,461 19,538 19,617 19,695 19,774 19,853 19,932 20,012 20,092 20,172 20,253

Elderly (65+) AML incidiences - U.S. 10,273 10,314 10,355 10,397 10,438 10,480 10,522 10,564 10,606 10,649 10,691 10,734

% treated by ACT-VAC1 0.0% 4.0% 10.0% 17.0% 23.0% 28.0% 33.0% 35.0% 36.0% 37.0% 37.0% 37.0%

Elderly (65+) AML patients treated with ACT-VAC1 0 413 1,036 1,767 2,401 2,934 3,472 3,697 3,818 3,940 3,956 3,972

ACT-VAC1 Price ($) 90,000 92,700 95,481 98,345 101,296 104,335 107,465 110,689 114,009 117,430 120,952

ACT-VAC1 Sales ($ MM) 0 37 96 169 236 297 362 397 423 449 465 480
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TNM criteria is combined with others to establish the disease staging (Stage I – 

IV) of a patient.  Tumors of stage I and II are usually resectable and patients 

could undergo surgical procedures, such as lobectomy, segmentectomy, sleeve 

resection or wedge resection.  The one year survival for a stage I patient is 

~75% versus ~15% for stage IV patients. Advanced disease (Stage IIIA, IIIB, 

and IV) patients are often treated with some combination of radiation therapy 

and drug therapies, which could include chemotherapies, targeted therapies 

(EGFR or ALK) for ~20% of patients, anti-angiogenesis therapies or immune-

oncology treatments. Some of the most common chemotherapies include 

gemcitabine and a platinum drug like carboplatin, with vinorelbine or paclitaxel.  

NSCLC is an area that multiple drugs have been developed for recently.  

Examples include EGFR inhibitors [Tagrisso (osimertinib) and Portrazza 

(necitumumab)] , ALK inhibitors [Alecensa (alectinib)] and VEGF inhibitors 

[Cyramza (ramucirumab) and Avastin  (bevacizumab)]. Even more exciting 

recent developments have been seen in immunotherapy, particularly checkpoint 

inhibitors (mainly PD-1 and PDL-1 inhibitors) that have demonstrated increased 

survival and as such, have been approved as both first and second line 

treatments. Keytruda (nivolumab) was approved as a first-line treatment in 

metastatic NSCLC with >50% PD-L1 expression and no EGFR or ALK 

genomic tumor aberrations. As a first-line treatment, Keytruda demonstrated 

superiority over chemotherapy in PFS (10.3 vs. 6 months p<0.001) and OS 

(p=0.005) and ORR [45% (4% CR, 41% PR) vs. 28% (1% CR, 27% PR), 

p=0.001].  Opdivo (pembrolizumab) was approved as a second line treatment in 

metastatic NSCLC with progression on or after platinum-based chemotherapy. 

Further, Tecentriq (atezolizumab), a PDL-1 inhibitor also was approved as 

second-line NSCLC treatment with OS benefit over Docetaxel (13.8 vs. 9.6 

months, p= 0.0004).  

AST-VAC2 in NSCLC revenue model. Our model (Figure 23) projects that 

AST-VAC2 could potentially reach the market in late 2025 assuming the 

completion of a positive additional Phase II and pivotal trial after the outcomes 

of the CRUK funded Phase I/IIa trials, to be started in mid- 2017, are also 

positive. Our revenue model assumes a $90k therapy cost with a market 

penetration of ~20% for advanced (stage III and IV) and ~10% for earlier stage 

NSCLC patients, who are in remission after first line or surgical therapy.  We 

estimate total annual peak sales for AST-VAC2 could exceed $1 billion in the 

U.S. by 2030.   
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Figure 23: AST-VAC2  in NSCLC revenue model 

AST-VAC2 in NSCLC maintenance Revenue Model 
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

Total lung cancer incidences - U.S. 227,894 228,805 229,720 230,639 231,562 232,488 233,418 234,352 235,289 236,230 237,175

NSCLC incidences - U.S. 193,710 194,484 195,262 196,043 196,828 197,615 198,405 199,199 199,996 200,796 201,599

NSCLC incidences - U.S.-Stage II 38,742 38,897 39,052 39,209 39,366 39,523 39,681 39,840 39,999 40,159 40,320

NSCLC incidences - U.S.-Stage III 58,113 58,345 58,579 58,813 59,048 59,284 59,522 59,760 59,999 60,239 60,480

NSCLC incidences - U.S.-Stage IV 77,484 77,794 78,105 78,417 78,731 79,046 79,362 79,680 79,998 80,318 80,640

NSCLC incidences - U.S.-Advanced 135,597 136,139 136,684 137,230 137,779 138,330 138,884 139,439 139,997 140,557 141,119

% of advanced NSCLC being treated by 1st-line 56% 57% 58% 59% 60% 61% 62% 63% 64% 65% 66%

Advanced NSCLC being treated by 1st-line 75,934 77,599 79,277 80,966 82,668 84,382 86,108 87,847 89,598 91,362 93,139

% of advanced NSCLC achieved ORR from 1st-line 52% 52% 52% 52% 52% 52% 52% 52% 52% 52% 52%

Advanced NSCLC achieved ORR from 1st-line 39,486 40,352 41,224 42,102 42,987 43,878 44,776 45,680 46,591 47,508 48,432

% treated by ACT-VAC2 0.0% 2.0% 5.0% 10.0% 15.0% 18.0% 19.0% 20.0% 21.0% 21.0% 21.0%

ACT-VAC2 treated 0 807 2,061 4,210 6,448 7,898 8,507 9,136 9,784 9,977 10,171

% of Stage II NSCLC successfully surgically treated 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%

Stage II NSCLC successfully surgically treated 11,623 11,669 11,716 11,763 11,810 11,857 11,904 11,952 12,000 12,048 12,096

% treated by ACT-VAC2 1.0% 2.0% 4.0% 7.0% 8.0% 9.0% 10.0% 10.0% 10.0% 10.0%

ACT-VAC2 treated 117 234 471 827 949 1,071 1,195 1,200 1,205 1,210

ACT-VAC2 Price ($) 90,000 92,700 95,481 98,345 101,296 104,335 107,465 110,689 114,009 117,430 120,952

ACT-VAC2 Sales ($ MM) 0 86 219 460 737 923 1,029 1,144 1,252 1,313 1,376     

Source: Laidlaw & Company estimates 

Comprehensive intellectual properties support pluripotent stem cell 

platform and derived clinical products. Asterias owns a robust portfolio of 

intellectual properties with multiple issued and pending patents covering various 

aspects of the pluripotent stem cell platform and derived therapeutic products 

(Figure 24). AST owns or has licensed more than 400 patents and patent 

applications. AST's original IPs were exclusively licensed/acquired from 

Geron/BioTime. Major highlights include: 

 For the pluripotent stem cell family, it has issued patents in 10 

territories, and pending patents in 7 territories; 

 For the dendritic cells family, it has issued patents in 7 territories with 

exclusivity ranging from 2019 to 2025.  

 For the neural cells family, it has issued patents in 11 territories with 

exclusivity ranging from 2020 to 2030.  

 For the AST-OPC1 family, it has issued patents in 12 territories, and 

pending patents in 9 territories. Together, they provide exclusivity 

ranging from 2023 to 2030.  

 For the VAC1 and/or VAC2 family, it has issued patents in 22 

territories, allowed patents in 3 territories, and pending patents in 10 

territories. 
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Figure 24: Selected patent portfolio of AST 

Patent family # Description of claims Issued patents by jurisdiction 
Pending/allowed patents by 

jurisdiction 
Owned/ licensed Related to

061
Methods for feeder free culture of 

pluripotent stem cells 
U.S., Australia, Canada, Japan. Owned

091

Various methods for growth of human 

pluripotent stem cells (e.g. media 

formulations, suspension culture) 

U.S., Australia, Canada, Europe, 

Hong Kong, Israel, India, Japan, 

Singapore, UK.

Pending in U.S., Australia, 

Canada, China, EPO, Israel, 

Korea. Allowed in EU.

Owned

094
Composition of matter claims to 

hESC-derived neural progenitors 

U.S., Australia, Canada, China, India, 

Israel, Japan, Korea, Singapore, UK, 

Hong Kong.

Pending in U.S., Canada, EPO, 

Japan. 
Owned OPC-1

134
Methods of producing glial cells from 

hESCs

U.S., Australia, Canada, China, Hong 

Kong, Israel, Japan, Singapore, UK.

Pending in U.S., China, EPO, 

Hong Kong, India. 

In-licensed from UC Irvine in broad 

field of use (research, drug 

screening, human therapy 

OPC-1

162

Methods and compositions for 

culturing oligodendrocyte progenitor 

cells on polymer (acrylate) surfaces

U.S., Australia, India, Japan, Korea.

Pending in U.S., Australia, 

Canada, China, EPO, Hong Kong, 

Israel, Japan. 

Owned OPC-1

018 Telomerase antigen 

U.S., Switzerland, UK, Australia, 

Canada, Israel, Korea, Norway, New 

Zealand, Singapore, Japan, Germany, 

Ireland, France, Belgium, Italy, 

Netherlands, Austria, Spain, 

Luxembourg, Sweden.

Pending in EPO, Hong Kong, 

China, Brazil. 

In-licensed for use in PBMC- and 

pPSC derived immunotherapies
VAC

081
Dendritic cell vaccine containing 

telomerase reverse transcriptase 

U.S., Canada, Switzerland, Germany, 

France, UK, Italy.
Owned VAC

131 Hematopoietic cells from hESCs
Australia, UK, Israel, Japan, Korea, 

Singapore. 

Pending in U.S., EPO, Austrlia, 

China, Japan. Allowed in Canada.

Co-owned/in-licensed from 

University of Western Ontario
VAC

138

Dendritic cell vaccines for treating 

cancer made from embryonic stem 

cells 

UK, Hong Kong. Owned VAC

150
Methods and compositions hESC 

derived dendritic cells
U.S., Australia, Canada. In-licensed from Isis Innovation Ltd. VAC

151

Methods of differentiating primate 

pluripotent stem cells into immature 

dendritic cells

U.S., Australia, Israel, Japan, Korea, 

Singapore. 

Pending in U.S., Australia, 

Canada, China, Japan, Korea, 

Hong Kong, Sinapore.

Owned VAC

601 Lysosomal targeting sequences U.S., Canada. 

In-licensed for use with telomerase, 

CEA and EGFR antigens from 

Immunomic Therapeutics

VAC

800 RNA loaded dendritic cells
U.S., Australia, Canada, Japan, 

Europe, Hong Kong. 

Co-licensed for use with defined 

antigens from Argos Therapeutics 

and Duke University

VAC

    

Source: Company presentation and Laidlaw & Company equity research 
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Financial Projections and Valuation 

AST ended February 2017 with total cash (cash plus marketable securities) of 

~$34MM. Although we anticipate the company will raise more capital from 

both dilutive and non-dilutive sources to fuel their product development and 

possible future commercialization, we believe possible future positive data 

readouts could afford AST more favorable terms in their future financing 

endeavors.  We also project even should only one product, AST-OPC1, become 

successfully commercialized, AST could become profitable starting in 2024. 

Our probability-adjusted DCF analysis suggested a one-year target value for 

AST of $12.10 based on cash flow until 2032 with an assumed terminal value 

multiple of three and a probability adjustment of 44%.  

Probability-adjusted DCF analysis 

   

Source: Laidlaw & Company estimates 

Our probability-adjusted-PV-driven, sum-of-the-parts analysis suggests a 12-

month target price of $12.04 with AST-OPC1, AST-VAC1 and AST-VAC2 

accounting for 63%, 14% and 19% of the total value, respectively. 

 

 

 

 

  

Cash driven NPV 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Revenue 7,193 7,480 7,780 8,091 18,881 39,642 128,816 380,970 718,273 1,166,300 1,611,994 1,949,979 2,162,917 2,375,452 2,558,873

R&D (39,539) (47,051) (56,932) (66,610) (71,273) (74,124) (71,900) (64,710) (66,004) (67,324) (69,344) (71,425) (73,567) (75,774) (78,048)

SG&A (11,169) (12,175) (13,148) (14,069) (34,772) (40,511) (45,536) (48,398) (51,444) (54,686) (56,327) (58,017) (59,757) (61,550) (63,396)0

Operating income (43,750) (51,989) (62,554) (72,852) (86,890) (77,851) (10,661) 153,209 351,580 582,806 1,145,688 1,404,554 1,566,422 1,728,074 1,867,567

Net income (43,672) (51,749) (62,295) (72,573) (86,621) (77,590) (8,358) 94,876 219,848 366,277 720,031 882,722 984,451 1,086,044 1,173,712

Period 0.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 10.8 11.8 12.8 13.8 14.8

NPV (39,407) (40,782) (42,876) (43,624) (45,475) (35,575) (3,347) 33,181 67,151 97,708 167,752 179,612 174,945 168,558 159,095

Total DCF 796,915

Terminal value 420,146

Cash (2Q18) 25,000

Total valuation ($ '000) 1,242,061

Probability adjustment 44%

Value per share $12.10

Shares outstanding (2018) 45,470

Discount rate 15%

Terminal value multiple 4



 

April 4, 2017 

 

Laidlaw & Company 

Est. 1842 

 

Asterias Biotherapeutics Page 36 of 45 
Yale Jen, Ph.D. 

 yjen@laidlawltd.com 

 

NPV driven sum-of-the-parts analysis 

  

Source: Laidlaw & Company estimates 

For the peer comparable analysis, we have chosen a group of cell therapy 

focused companies as comparable peers. As such, our peer comparable analysis 

suggested a 12-month target price for AST of $12.83. 

Comparable analysis 

  

Source: Company reports and Laidlaw & Company estimates 

Together, we assigned our blended 12-month target price for AST at $12.00. We 

view our potential valuation of ~$550MM a year from now could be reasonable 

if AST-OPC1 demonstrates  robust clinical outcome with more clinical POCS 

and AST starts or is ready to start a Phase IIb trial, with the possibility as part of 

pivotal trial package.   

AST-OPC1 SCI

 NPV =  $655

Probability = 61%

Adjusted NPV =  $399.3

PV per share =  $7.53 63%

AST-VAC1 AML

NPV =  $540

Probability = 17%

Adjusted NPV =  $91.7

PV per share =  $1.73 14%

AST-VAC2 NSCLC

NPV =  $1,452

Probability = 8%

Adjusted NPV =  $122.0

PV per share =  $2.30 19%

Cash

Adjusted NVP =  $25.0

NVP per share =  $0.47 4%

Total =  $12.04 100%

Mesoblast MSB.AX NR NA 2.32 402 932 81 0 851
Three Phase III trials in advanced heart failure, 

chronic low back pain and acute GVHD

Neuralstem CUR NR NA 5.36 11 59 6 0 53
human neural stem cells in Phase I study in 

chronic spinal cord injury, stroke and ALS

Vericel VCEL NR NA 2.75 33 90 9 0 81
Cultured chondrocytes approved for treating Knee 

problems

Intrexon XON NR NA 19.95 119 2368 237 8 2138
Broad spectrum of cell products for medicine and 

several other industries

Cytori CYTX NR NA 1.61 22 35 15 0 20
ADRC-based therapy for treating scleroderma 

associated hand dysfunction in Phase III

Juno Therapeutics JUNO NR NA 20.97 106 2223 733 0 1490
CAR-T in NHL in Phase III with possible approval 

in '18

Lion Biotechnologies LBIO NR NA 7.40 62 461 179 0 282
Tumor-infiltrating lymphocyte (TIL) for treating 

melanoma in Phase II studies

Capricor Therapeutics CAPR NR NA 3.40 21 73 21 0 52

Cardiac cell therapy in Phase I/II trial in 

myocardial Infarction and ischemic left ventricular 

dysfunction

Cellular Biomedicine Group CBMG NR NA 11.40 14 163 44 0 119 CAR-T with operation focus in China

Cellectis S/A CLLS NR NA 23.98 35 846 276 0 570 CAR-T in AML Phase I

Average 663 147 1 566

Asterias Biotherapeutics AST Buy 13.00 3.50 47 163 34 0 130

AST share fair value matching its cell therapy peers = $12.83

Company Ticker Rating
Target 

Price ($)

Price ($) 

(3/28/17)

Shares 

Outstanding 

(MM)

Market 

Cap            

($ MM)

Cash       

($ MM)

Debt         

($ MM)

Tech Value        

($ MM)
Comments
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Major Risks 

Clinical study failure could have a major impact on AST share value. 
Despite promising pre-clinical and clinical results of the company’s lead 

product, AST-OPC1, it remains too early to predict the long-term safety and 

efficacy outcomes from the upcoming clinical studies. Given that clinical 

validation has not been fully established, near term, it would be critical for the 

additional studies of the ongoing Phase I/II trial to demonstrate efficacy and a 

positive safety profile after a longer follow-up, higher dosage and broader 

patient population in order to increase the assets and shareholder value. 

Negative results of ongoing and future clinical studies could have a materially 

negative impact on the shareholder value; especially since the company has a 

relatively diverse-limited pipeline profile. In addition, given there has been very 

limited progress over the last two decades in developing therapeutics for treating 

SCI, the overall risks in developing an effective treatment in this area could be 

higher than in other disease areas.   

Yet-to-be-validated pluripotent stem cell platform could remain uncertain. 
Although stem cell-based therapies have been tested in many clinical trials in 

recent years; there is currently no pluripotent stem cell-based therapy approved 

for the treatment of spinal cord injury or other disease indications. As such, 

clinical risks for pluripotent stem cell-based therapies are higher than similar 

products generated from other more proven development platforms.    

Product may not be approved or reach anticipated sales. Although AST’s 

current pipeline products have exhibited the potential to generate positive 

clinical outcomes from current and future trials; it remains too early to project 

whether any of these products would be approved by regulatory agencies. Even 

if the products were to enter the market, sales could be significantly below 

projections due to the specific product label under approval, physician 

consensus for prescribing the drug, changes of treatment paradigms, entrance of 

competitors, and the possible changes in pricing flexibility that could potentially 

have a negative impact on payer reimbursement. Other potential commercial 

risks also include the societal or political pressure that could limit premium 

pricing capability for many orphan drugs moving forward. Further, a below 

expectation revenue outlook could also negatively affect AST shareholder value.  

Additional financings could dilute shareholder value. Although the company 

currently has ~$34MM total cash as of the end of February 2017, AST would 

most likely need more financial resources going forward if they want to expand 

and further develop their pipeline unless the company can continuously explore 

un-dilutive financial sources. Should the future operational expenses 

significantly increase, especially in the areas of R&D and SG&A, products not 

receive FDA approval, or product revenue not reach expectations; the company 

might need to issue new equity to raise additional cash.  Under such a scenario, 

the share value of existing shareholders could be diluted.   
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Management 
Steve Cartt is the Chief Executive Officer of Asterias Biotherapeutics since 

2016. Prior to joining Asterias, from August to October 2014, Mr. Cartt served 

as Chief Operating Officer of the Autoimmune and Rare Diseases Business Unit 

of Mallinckrodt plc following its acquisition of Questcor Pharmaceuticals. Prior, 

Mr. Cartt served as Chief Operating Officer of Questcor Pharmaceuticals from 

2012 to 2014; and was Chief Business Officer and Executive Vice President 

since 2010. Prior, Mr. Cartt served as Executive Vice President of Commercial 

Development and Executive Vice President of Corporate Development at 

Questcor from 2005 to 2010. Before joining Questcor, Mr. Cartt was a private 

consultant from 2002 to 2005. Previously, Mr. Cartt served as Senior Director of 

Strategic Marketing for Elan Pharmaceuticals from 2000 to 2002. Before Elan in 

early 2000, he worked for ALZA Corporation for 14 years, holding a variety of 

R&D and Commercial positions. Mr. Cartt received his MBA from Santa Clara 

University. 

Jane Lebkowski, Ph.D. is President of R&D and Chief Scientific Officer of 

Asterias since March 2013 after a thirteen-year career at Geron where she 

served multiple positions including Senior Vice President, Cell Therapies (2004-

2011), Chief Scientific Officer (2009-2011), Vice President of Cell Therapies 

(1999-2004), and Senior Director, Cell and Gene Therapies (1998-1999). Prior 

to joining Geron, she served as Vice President of Research and Development at 

Applied Immune Sciences from 1986-1995. In 1995, Applied Immune Sciences 

was acquired by Rhone-Poulenc Rorer, at which time Dr. Lebkowski served as 

Vice President of Discovery & Product Development. Dr. Lebkowski holds a 

Ph.D. from Princeton University. 

Ryan Chavez has served as Chief Financial Officer since November 2016 and 

was Executive Vice President of Finance and General Counsel after joining 

Asterias in 2016. Prior to joining Asterias, Mr. Chavez served as Vice President 

and General Counsel of Mallinckrodt Pharmaceuticals’ Autoimmune and Rare 

Diseases Business following Mallinckrodt acquired Questcor Pharmaceuticals in 

2014. Prior, Mr. Chavez served as Associate General Counsel since joining 

Questcor in 2012. Before joining Questcor, he held corporate attorney positions 

at Stradling Yocca Carlson & Rauth and Rutan & Tucker, LLP. Previously, Mr. 

Chavez served in various financial roles at General Electric. He holds a J.D. 

from Chapman University School of Law.  

Katharine Spink, Ph.D. is Chief Operating Officer since joining Asterias in 

2013. Prior to joining Asterias, Dr. Spink has served as Senior Vice President of 

Alliance Management and Cell Therapy Program Operations at Geron 

Corporation, where she held various positions within R&D and business 

development from 2003 to 2011. Before joining Geron, Dr. Spink was a 

management consultant at McKinsey & Company. Dr. Spink holds a Ph.D. in 

Cancer Biology from Stanford University.  

Edward D. Wirth, III, M.D., Ph.D. has served as Chief Medical Officer since 

joining Asterias in 2013. Prior to joining Asterias, Dr. Wirth served as Chief 

Scientific Officer at InVivo Therapeutics from 2011 to 2012. Prior to joining 

InVivo, Dr. Wirth served as Medical Director for Regenerative Medicine at 

Geron Corporation from 2004 to 2011. Dr. Wirth was an assistant professor at 

Rush-Presbyterian St. Luke’s Medical Center and at the University of Chicago 

from 2002 to 2004. Prior, he was also an assistant professor of the University of 
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Florida from 1994 to 2001. Dr. Wirth received his Ph.D. and M.D. from the 

University of Florida.  
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Income Statement 

  

Source: Bloomberg LP; Company reports; Laidlaw & Company estimates 

  

Asterias Biotherapeutics – Income Statement
($'000)

1Q17E 2Q17E 3Q17E 4Q17E

Revenue

AST-OPC-1 WW sales 10,466 30,891 85,315 202,098

AST-OPC1 US sales 10,466 30,891 79,246 174,950

AST-OPC1 ex-US royalties and COGS 0 0 3,338 14,931

AST-OPC1 total revenue 10,466 30,891 82,584 189,881

AST-VAC1 in AML revenues 37,131 95,994

AST-VAC2 in NSCLC revenues 85,629

Total product revenues 10,466 30,891 119,714 371,505

Royalties from product sales 189 535 381 164 110 89 159 522 559 581 604 628 653 680 707 735

Sale of cell lines 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Grant income 1,034 3,007 6,572 1,409 1,720 1,580 1,670 6,379 6,634 6,900 7,176 7,463 7,761 8,071 8,394 8,730

Total revenue 1,224 3,582 6,953 1,573 1,830 1,669 1,829 6,901 7,193 7,480 7,780 8,091 18,881 39,642 128,816 380,970

COGS of therapeutic products (2,093) (6,178) (24,489) (76,744)

Cost of sales (95) (268) (127) (69) (46) (37) (67) (219) (235) (244) (254) (264) 274 (5,893) (24,192) (76,436)

Total gross profit 1,129 3,314 6,826 1,504 1,784 1,632 1,762 6,682 6,958 7,236 7,526 7,827 19,155 36,784 106,776 266,317

Expenses 

Research and development (13,310) (17,321) (25,468) (8,268) (8,516) (8,669) (8,929) (34,382) (39,539) (47,051) (56,932) (66,610) (71,273) (74,124) (71,900) (64,710)

General and administrative (5,280) (7,901) (15,481) (2,472) (2,546) (2,623) (2,701) (10,342) (11,169) (12,175) (13,148) (14,069) (14,772) (15,511) (16,286) (17,101)

Marketing and sales (20,000) (25,000) (29,250) (31,298)

Total operating costs and expenses (18,590) (25,222) (40,949) (10,740) (11,062) (11,292) (11,630) (44,723) (50,708) (59,226) (70,080) (80,679) (106,045) (114,635) (117,437) (113,108)

Operating Incomes (losses) (17,461) (21,908) (34,123) (9,236) (9,278) (9,660) (9,868) (38,042) (43,750) (51,989) (62,554) (72,852) (86,890) (77,851) (10,661) 153,209

Other Income/(Expense)

Change in fair value on warrant liability (3,107) (1,200) (190) (349) (450) (2,189) (2,100) (1,200) (1,200) (1,200) (1,200) (1,200) (1,200) (1,200)

Interest expense, net (10) (341) (548) (121) (169) (207) (240) (737) (774) (1,599) (1,598) (1,597) (1,629) (1,662) (1,695) (1,729)

Other income (expense), net (2) (6) (36) 30 28 40 50 148 163 179 197 217 238 262 288 317

Total other income (expense), net (12) (347) (3,691) (1,291) (331) (516) (640) (2,778) (2,711) (2,620) (2,601) (2,580) (2,591) (2,599) (2,606) (2,611)

Pretax income (17,473) (22,255) (37,814) (10,527) (9,609) (10,176) (10,508) (40,820) (46,461) (54,609) (65,155) (75,433) (89,481) (80,450) (13,267) 150,597

Deferred income tax benefit 7,376 7,252 2,324 810 730 750 698 2,988 2,789 2,860 2,860 2,860 2,860 2,860 4,909 (55,721)

Net Income (Loss) (10,097) (15,003) (35,490) (9,717) (8,879) (9,426) (9,810) (37,832) (43,672) (51,749) (62,295) (72,573) (86,621) (77,590) (8,358) 94,876

Basic and diluted net loss per share ($0.33) ($0.42) ($0.83) ($0.21) ($0.19) ($0.19) ($0.20) ($0.79) ($0.82) ($0.92) ($1.06) ($1.19) ($1.31) ($1.17) ($0.13) $1.43

Weighted average common shares outstanding: basic and undiluted 30,720 35,443 42,943 45,977 45,997 49,997 50,017 47,997 52,997 55,997 58,997 60,997 65,997 66,097 66,197 66,297

Margin Analysis (% of Sales/Revenue)

Costs of goods -50% -50% -33% -42% -42% -42% -42% -42% -42% -42% -42% -42% -42% -42% -42% -42%

R&D -1088% -484% -366% -526% -465% -519% -488% -498% -550% -629% -732% -823% -377% -187% -56% -17%

SG&A -431% -221% -223% -157% -139% -157% -148% -150% -155% -163% -169% -174% -78% -39% -13% -4%

Operating Income (loss) -1427% -612% -491% -587% -507% -579% -540% -551% -608% -695% -804% -900% -460% -196% -8% 40%

Pretax -1428% -621% -544% -669% -525% -610% -575% -592% -646% -730% -838% -932% -474% -203% -10% 40%

Tax Rate 37% 37% 37% 37%

Net Income -825% -419% -510% -618% -485% -565% -536% -548% -607% -692% -801% -897% -459% -196% -6% 25%

Financial Indicator Growth Analysis (YoY%)

Total Revenue NA 193% 94% -1% 19% -20% 4% -1% 4% 4% 4% 4% 133% 110% 225% 196%

Gross Profit 194% 106% -2% 17% -19% 1% -2% 4% 4% 4% 4% 145% 92% 190% 149%

Cost of Goods 183% -53% 30% 670% -37% 642% 73% 7% 4% 4% 4% -204% -2247% 311% 216%

R&D NA 30% 47% 30% 41% 66% 13% 35% 15% 19% 21% 17% 7% 4% -3% -10%

SG&A NA 50% 96% -61% -1% -38% 13% -33% 8% 9% 8% 7% 5% 5% 5% 5%

Operating Income (Losses) NA 25% 62% -15% 29% 20% 13% 9% 13% 17% 18% 15% 31% 8% 2% -4%

Pretax Income NA 27% 70% -6% 71% -12% 12% 8% 14% 18% 19% 16% 19% -10% -84% -1235%

Net Income NA 49% 137% -6% 72% -11% 5% 7% 15% 18% 20% 16% 19% -10% -89% -1235%

EPS NA 29% 97% -22% 56% -20% -4% -5% 5% 12% 14% 13% 10% -11% -89% -1233%

Yale Jen, Ph.D.  212-953-4978

Source: Roth Capital Partners Research and NovaBay's SEC filings

2017E 2018E 2019E 2020E20152014 2016 2021E 2022E 2023E 2024E 2025E
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Balance Sheet 

  

Source: Bloomberg LP; Company reports; Laidlaw & Company estimates 

  

Asterias Biotherapeutics – Balance Sheet
($'000)

1Q16 2Q16 3Q16 4Q16 1Q17E 2Q17E 3Q17E 4Q17E

Assets

Total cash 17,450 28,189 19,517 32,214 33,925 35,069 35,069 23,964 16,573 29,667 21,070 21,070 9,432

Cash and cash equivalents 3,076 11,183 7,568 21,469 17,926 19,800 19,800 4,651 7,260 21,106 13,813 13,813 962

Available-for-sale securities at fair value 14,374 17,006 11,949 10,745 15,999 15,269 15,269 19,313 9,313 8,561 7,257 7,257 8,470

Grant receivable 118 0 0 0 0 0 0 0 0 0 0 0 0

Landlord receivable 378 567 0 0 0 0 0 0 0 0 0 0 0

Prepaid expenses and other current assets 438 1,033 1,157 1,616 1,989 1,921 1,921 2,010 2,118 1,985 2,029 2,029 2,114

Total Current Assets 18,384 29,789 20,674 33,830 35,914 36,990 36,990 25,974 18,692 31,652 23,099 23,099 11,546

Noncurrent Assets

Intangible assets, net 23,502 20,816 20,145 19,473 18,802 18,130 18,130 17,459 16,788 16,117 15,446 15,446 15,178

Property, plant, and equipment, net 1,045 5,756 5,539 5,372 5,212 5,475 5,475 6,000 4,400 4,009 3,784 3,784 3,555

Construction in progress 406 0 0 0 0 0 0 0 0 0 0 0 0

Investment in affiliates 416 416 0 0 0 0 0 0 0 0 0 0 0

Deferred tax asset 7,870 8,150 9,956 0 0 0 0 0 0 0 0

Other assets 361 457 422            419 419 415 415 403 398 385 391 391 377

Total Assets 44,114 57,234 54,650 67,244 70,303 61,010 61,010 49,836 40,278 52,163 42,720 42,720 30,655

Liabilities and Stockholders’ Equity

Amount due to parent, BioTime 615 530 833 0 463 288 288 555 439 460 398 398 400

Accounts payable 737 747 1,906 251 640 1,076 1,076 781 747 824 796 796 907

Accrued expenses and other current liabilities 432 1,183 1,152 1,544 981 2,495 2,495 1,015 1,142 1,084 1,252 1,252 1,384

Deferred grant income 2,513 2,270 3,249 1,392 2,185 2,185 1,523 1,661 1,778 1,878 1,878 1,990

Deferred tax liabilities, current portion 4,713 3,947 3,606 5,393 0 0 0 0 0 0 0 0

Capital lease liability 7 7 7 7 7 7 7 7 7 7 7 7

Other current liabilities 182 0 0 0 0 0 0 0 0 0

Total current liabilities 6,496 4,980 10,115 8,839 8,876 6,051 6,051 3,882 3,996 4,153 4,332 4,332 4,687

Capital lease liability 26 25 22 21 20 20 23 24 22 25 25 25

Warrant liability 4,380 8,376 8,665 8,665 8,309 7,911 7,600 7,360 7,360 7,610

Deferred tax liabilities, net of current portion and deferred tax assets 4,514 2,550 6,676 6,305 5,963 0 0 0 0 0 0 0 0

Deferred rent liability, net of current portion 94 179 203 227 251 266 266 244 249 237 220 220 225

Lease liability 378 4,400 4,300 4,197 4,090 3,980 3,980 4,000 3,827 3,769 3,703 3,703 4,008

Total Liabilities 11,482 12,135 21,319       23,970       27,577       18,982       18,982 16,458       16,006       15,781       15,639       15,639 16,555

Common stock, $0.0001 par value 3 4               4               5               5               5               5

Additional paid-in capital 66,366 92,900 96,302 112,067 117,452 126,829 126,829 126,951 126,755 148,266 148,748 148,748 179,459

Accumulated other comprehensive income (loss) (503) 434 (4,399) (5,063) (348) (1,078) (1,078) (128) (160) (134) (107) (107) (127)

Accumulated deficit (33,236) (48,239) (58,576) (63,735) (74,383) (83,728) (83,728) (93,445) (102,324) (111,750) (121,560) (121,560) (165,232)

Total Stockholders’ Equity 32,631 45,099 33,331 43,274 42,726 42,028 42,028 33,378 24,271 36,382 27,081 27,081 14,100

Total Liabilities and Stockholders’ Equity 44,114       57,234       54,650       67,244       70,303       61,010       61,010       49,836       40,278       52,163       42,720       42,720       30,655       

Yale Jen, Ph.D. 212-953-4978

Source: Roth Capital Partners Research and NovaBay's SEC filings
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Cash flow Statement 

  

Source: Bloomberg LP; Company reports; Laidlaw & Company estimates. 1Q16 Net Income adjusted. 

  

Asterias Biotherapeutics – Cash Flow Statement
($'000)

Cash Flows From Operating Activities: 1Q16 2Q16 3Q16 4Q16 1Q17E 2Q17E 3Q17E 4Q17E

Net income (loss) (10,097) (15,003) (10,337) (5,159) (10,648) (9,346) (35,490) (9,717) (8,879) (9,810) (9,810) (38,216) (43,672)

Adjustments to reconcile net loss to net cash used in operating activities:

Depreciation expense 530 564 302 303 304 305 1,214 305 305 305 305 1,220 1,225

Stock-based compensation 1,814 3,625 1,608 869 1,171 1,438 5,086 1,396 1,493 1,524 1,617 6,030 5,325

Amortization of intangible assets 4,789 2,686 672 671 671 671 2,685 671 671 671 671 2,684 2,684

Amortization of prepaid rent 85 85 0 0 0 0 0 0 0 0 0 0 0

Deferred income tax benefit (7,376) (7,252) (902) (451) (902) (69) (2,324) (810) (730) (750) (698) (2,988) (2,789)

Common stock issued for services in lieu of cash 486 325 319 0 0 644 0 0 0 0 0 0

Change in fair value on warrant liability 0 (1,628) 3,996 740 3,108 1,200 190 349 450 2,189 2,100

Distribution of Asterias warrants to shareholders other than BioTime 3,125 0 2,160 0 5,285 0 0 0 0 0 0

Changes in operating assets and liabilities:

Grant receivable (118) 118 0 0 0 0 0 0 0 0 0 0 0

Prepaid expenses and other current assets (183) (680) (124) (448) (383) 68 (887) (89) (108) 133 (43) (108) (85)

Other long term assets (95) 3 2 3 4 12 4 3 3 2 12 12

Accounts payable 120 (24) 938 (1,434) 389 436 329 (295) (34) 77 (28) (280) 111

Accrued expenses and other current liablities 199 584 175 934 (484) 1,514 2,139 (1,480) 126 (58) 168 (1,243) 131

Deferred rent liability 94 85 23 25 25 24 97 24 24 25 25 98 98

Deferred grant income 2,513 (243) 979 (1,857) 793 (328) (662) 138 117 100 (307) 111

Lease liability (99) (104) 203 (110) (110) 20 (173) (58) (66) (277) (7,711)

Other current liability 0 182 (16) 0 166 0 0 0 0 0 0

Amout due to BioTime, Inc. (1,449) (85) 303 (843) 307 (175) (408) 267 (116) 21 (62) 110 2

Net Cash provided by (used in) Operating Activities (11,592) (12,393) (4,231) (5,783) (5,061) (3,707) (18,782) (9,165) (7,090) (7,450) (7,370) (31,075) (42,458)

Cash flows from investing activities:

Purchases of equipment and furniture (115) (313) (63) (436) (144) (205) (848) (305) (105) (215) (405) (1,030) (1,105)

Purchases of marketable securities 0 0 0 0 0 0 0 0 0 0

Payments on construction in progress (219) (4,279) (6) 6 0 0 0 0 0 0 0 0 0

Proceeds from the sale of avaialble-for-sale-securities 12,661 0 0 0 0 0 0 0 0 0 0

Payment of security deposit (307) (1) 0 0 0 0 0 10,000 0 0 10,000 0

Reimbursement of security deposit 32 0 (1) 0 31 0 0 0 0 0 0

Net Cash provided by (used in) Investing Activities 12,020 (4,593) (37) (430) (145) (205) (817) (305) 9,895 (215) (405) 8,970 (1,105)

Cash Flows From Financing Activities:

Proceeds from sale of common shares 0 177 1,972 55 2,204 10 25 35 19 89 140

Proceeds from sale of common stock and warrants 468 10,339 171 19,846 182 155 20,354 410 179 22,000 700 23,289 32,000

Financing costs, fees paid on sale of common shares (665) (6) (1,815) (148) (165) (2,134) (220) (300) (450) (201) (1,171) (1,095)

Proceeds from exercise of warrants 11,700 0 0 0 0 0 0 0 0 0 0 0

Proceeds from exercise of stock options 8 29 7 1,926 0 0 1,933 0 0 0 0 0 0

Repayment of lease liability and capital lease obligation (1) (1) (3) (311) (40) (355) (45) (60) (45) (5) (155) (189)

Reimbursement from landlord on construction in progress 3,789 567 0 0 0 567 0 0 0 0 0 0

Shares witheld and retired to pay for employees' taxes (98) (85) (17) (32) (20) (154) (33) (40) (29) (31) (133) (145)

Net Cash Provided by (Used in) Financing Activities 476 25,093 653 20,114 1,663 (15) 22,415 122 (196) 21,511 482 21,919 30,711

Net increase (decrease) in cash 904 8,107 (3,615) 13,901 (3,543) (3,927) 2,816 (9,348) 2,609 13,846 (7,293) (186) (12,852)

Cash at beginning of period 2,171 3,076 11,183 7,568 21,469 17,926 11,183 13,999 4,651 7,260 21,106 13,999 13,813

Cash at end of period 3,076 11,183 7,568 21,469 17,926 13,999 13,999 4,651 7,260 21,106 13,813 13,813 962

Yale Jen, Ph.D.  212-953-4978

Source: Roth Capital Partners Research and NovaBay's SEC filings
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The analyst responsible for the content of this report hereby certifies that the views expressed regarding the company or companies and their securities accurately 

represent his personal views and that no direct or indirect compensation is to be received by the analyst for any specific recommendation or views contained in this 

report.  Neither the author of this report nor any member of his immediate family or household maintains a position in the securities mentioned in this report. 
 

EQUITY DISCLOSURES 
For the purpose of ratings distributions, regulatory rules require the firm to assign ratings to one of three rating categories (i.e. Strong Buy/Buy-Overweight, Hold, or 
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Laidlaw & Company Rating System* 
% of Companies 

Under Coverage 

With This Rating 

% of Companies for which Laidlaw & Company 

has performed services for in the last 12 months 

Investment Banking Brokerage 

Strong Buy 

(SB) 

Expected to significantly outperform the sector over 12 

months. 
2.38% 2.38% 0.00% 

Buy (B) Expected to outperform the sector average over 12 months. 64.29% 28.57% 2.38% 

Hold (H) 
Expected returns to be in line with the sector average over 12 
months. 

2.38% 0.00% 0.00% 

Sell (S) 
Returns expected to significantly underperform the sector 

average over 12 months. 
4.76% 0.00% 0.00% 
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Cytori Therapeutics (CYTX – Not Rated) 

Juno Therapeutics (JUNO – Not Rated) 

Lion Biotechnologies (LBIO – Not Rated) 

Capricor Therapeutics (CAPR – Not Rated) 

Cellular Biomedicine Group (CBMB – Not Rated) 

Collectis SA (CLLS – Not Rated) 
Kura Oncology (KURA – Not Rated) 

Vertex Pharmaceuticals (VRTX – Not Rated) 

InVivo Therapeutics (NVIV – Not Rated) 
Neuralstem (CUR – Not Rated) 

Dendreon (DNDN – Not Rated) 
Valeant Pharmaceuticals Intl. (VRX – Not Rated) 
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