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 INTRODUCTION 
 After years of anticipation the biotechnology 
industry has begun to deliver an array of 
promising pharmaceuticals. These biological 
pharmaceuticals (biologics) offer new 
mechanisms of treatment with application to a 
wide array of diseases including cancer and 
immune disorders, which have otherwise been 
diffi cult to treat. 

 A number of these biologics, especially 
monoclonal antibodies (mAbs), have 
demonstrated ongoing success.  Table 1  lists the 
top selling biologics in 2008. In 2009, 
biotechnology medicines accounted for 15.5 
per cent, or US $ 46.5 billion,  1   of the total  $ 300 
billion drug market.  2   New biologics continue 
to emerge with nine new mAb entities 
( Table 2 ) and 14 recombinant proteins 
approved by the Food and Drug Administration 
(FDA) between 2006 and 2009.  3   

 Steadily increasing R & D activity signals that 
biologics will offer ongoing importance as a 
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medical tool. In 2009, the biopharmaceutical 
industry invested  $ 65.3 billion in R & D.  5   Such 
investment has lead to a pipeline of over 600 
new drugs in development  6   and hundreds of 
biologics, either in clinical trials or awaiting 
action by the FDA. 

 Although these biologics have considerable 
potential for treating disease, their high price 
tag is often cited as a major drawback. Annual 
treatment costs with mAbs can exceed 
 $ 30   000  7   and in some cases double of that. As 
many diseases require prolonged treatments, 
total treatment costs can reach hundreds of 
thousands of dollars. These comparatively high 
prices have been, in part, tied to the 
manufacturing methods used to produce the 
biologics. mAbs, for example, are made with 
transgenic cells that are carefully grown in 
large bioreactors and ultimately harvested and 
purifi ed in an injectable product. The 
necessary equipment in this process can lead 

to manufacturing facilities costing hundreds of 
millions of dollars and taking as many as 
5 years to erect. Operating costs are similarly 
high, with the multiplication of mAbs 
requiring expensive inputs (for example, 
growth media) and careful monitoring. 

 Advocates of plant-made pharmaceutical 
(PMP) technology have claimed that plants offer 
an opportunity to lower the manufacturing costs 
and expand the production capacity of bio  logics. 
Instead of amplifying biologics in expensive 
bioreactors, they can be grown in plants 
circumventing much of the fi xed pro  duction 
costs. Less fi xed costs translate into the potential 
for large and scalable production capa city  –  
requiring only that more acres be brought into 
production to meet additional demand.  

 State of the PMP industry 
 The potential cost savings associated with 
PMPs have encouraged more than 20 biotech 

  Table 1 :      Top biologic drugs of 2008  4     

    Drug    2008 global sales 
( $  billions)  

  Year approved    Indications    Company  

   Avastin  a    9.20  2004  Colon cancer  Genentech, Roche 
   Enbrel  a    8.00  1998  Arthritis, psoriasis  Amgen, Wyeth and Takeda 
   Remicade  a    7.90  1998  Crohn’s disease, arthritis  Johnson  &  Johnson, Schering-Plough 
   Humira  a    7.30  2002  Arthritis  Abbott 
   Rituxan  7.30  1997  Non-Hodgkin lymphoma  Biogen Idec, Genentech, Roche 
   Herceptin  a    5.70  1998  Breast cancer  Genentech, Roche 
   Lantus  5.10  2000  Insulin / diabetes  Sanofi -Aventis 
   Epogen / Procrit  5.10  1989  Anemia  Amgen, Johnson  &  Johnson 
   Neulasta  4.20  2002  Chemo infections  Amgen 
   Novolog  3.70  2000  Insulin / diabetes  Novo Nordisk 
   Erbitux  a    3.60  2004  Colon, head / neck cancer  BMS, Merck, Serono 

   a    Monoclonal antibody.   

  Table 2 :      New mAb approvals 2006 – 2009  3     

    Antibody    Brand name    Approval date    Indication  

   Natalizumab  Tysabri  2006  Multiple sclerosis and Crohn’s disease 
   Panitumumab  Vectibix  2006  Colorectal cancer 
   Ranibizumab  Lucentis  2006  Macular degeneration 
   Eculizumab  Soliris  2007  Paroxysmal nocturnal hemoglobinuria 
   Certolizumab pegol  Cimzia  2008  Crohn’s disease 
   Golimumab  Simponi  2009  Arthritis 
   Canakinumab  Ilaris  2009  Cryopyrin-associated periodic syndromes 
   Ustekinumab  Stelara  2009  Psoriasis 
   Ofatumumab  Arzarra  2009  Lymphocytic leukemia 
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 The current levels of PMP production and 
R & D may suggest that PMPs do not yet 
demonstrate an optimal manufacturing 
solution for biologic pharmaceuticals. At the 
very least, the absence of PMPs in the 
marketplace creates an unclear picture of their 
economic benefi t, and ultimately their 
potential for commercial success.    

 METHODS 
 This article compares the economics of 
manufacturing biologics in a PMP system to a 
more conventional fermentation system in 
order to evaluate the viability of PMPs. 
Although the production of biologics via 
fermentation is relatively well characterized 
and information about the facility / equipment 
can be obtained from existing facilities, this is 
not the case with PMP facilities. No 
analogous PMP facilities exist in the United 
States and there are few reliable estimates of 
the costs of producing PMPs. Commonly 
cited estimates suggest that PMPs do decrease 
the manufacturing costs of protein therapeutics 
( Table 3 ), but the magnitude of that benefi t 
varies signifi cantly and key assumptions are 
seldom denoted. 

 Accordingly, we use a simulation model to 
compare two analogous systems producing 
identical biologics, in this case mAbs. mAbs 
were chosen (as opposed to fragments, 
enzymes, peptides, interferons and so on), as 
they represent a large portion of the R & D 
pursued by the pharmaceutical industry. 

companies to begin commercial R & D 
programs. These companies have used a 
breadth of plants to produce a wide range of 
therapeutics. However, industry participation 
clearly peaked around the turn of the century 
and has dropped off since. As an evidence of 
this, in 2001 there were 19 fi eld trial permits 
issued for pharmaceutical and industrial 
proteins, whereas in 2010 only six were 
planted (see  Figure 1 ) comprising a total of 
28.3 acres.  8   Part of the divestiture after 2001 
has likely come from public concerns over 
using open pollinated food crops to produce 
pharmaceuticals. Following an incident where 
Prodigene ’ s PMP corn germplasm was at risk 
of entering the food system, the 
Biotechnology Industry Association (BIO) and 
others called for a moratorium on using open 
pollinated crops such as corn, which had, 
until that point, received the majority of 
R & D attention. 

 Many fi rms using non-food crops (for 
example, tobacco) have also exited the 
industry. In fact, in recent years only a 
handful of fi rms have conducted fi eld trials 
with pharmaceutical proteins, the most active 
being the Ventria Bioscience and the 
SemBioSys, which utilizes rice and saffl ower, 
respectively.  9   Furthermore, since 2001, 
companies researching PMPs have shifted 
their interest away from new molecular 
entities such as mAbs, instead developing 
biologics that have long been available on the 
market (for example, lactoferrin and insulin). 

  Figure 1  :             Planted fi eld trials of pharmaceuticals, industrials and value-added proteins.  8     
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 The controlled conditions of the 
production facility allow for a detailed static 
analysis, whereas the alternative environmental 
conditions (for example, location, weather and 
pests) of the fi eld require variability to be 
considered. To account for these differences 
two separate simulation modeling 
methodologies were employed. SuperPro 
Designer by Intelligen was used as the 
modeling software for much of the analysis of 
the manufacturing facilities. Shanklin  et al   14   
examined the competencies of SuperPro 
Designer in performing material balances, 
equipment and facility options and performing 
economic analysis, and found it well suited 
for these tasks. For those operations that occur 
outside of a controlled environment (that is, 
fi eld production, transport), the study 
utilized Process and Economic Simulation of 
Identity Preservation, PRESIP  –  a model 
designed at the University of Missouri to test 
changes in operations in the corn supply chain 
including modules of seed production, farm 
production, grain elevator, feedmill and 
wetmill.  15   

 The data to populate each model were 
obtained from companies with expertise in 
the respective manufacturing processes. Such 
information gave each piece of equipment a 
known cost, operating volume, operating 
time, energy consumption and so on. 
Similarly, as the raw materials pass through 
the equipment their dimensions are changed 

based on available research, refl ecting any 
chemical, mechanical or thermal interactions. 
The fi nal models were reviewed and validated 
by industry practitioners. 

 For simplicity, the R & D underlying the 
cell / seed lines is not included in this study. 
The evaluation is limited to only those steps 
necessary to amplify and purify the specifi c 
mAbs during a typical production year. Thus, 
the mammalian cell system begins as the cells 
leave the companies ’  established cell bank to 
be multiplied in the operation ’ s bioreactor 
train. Likewise, this analysis omits the cost of 
the developmental PMP seed breeding 
program. However, the seed breeding 
program operating concurrent to the PMP 
grain production is considered. 

 The scale of both the PMP and fermentation 
systems is simulated to produce 1000   kg of 
purifi ed mAb per year  –  a scale approximating 
the demand of a successful drug.   

 RESULTS  

 PMP manufacturing process 
 The PMP system considered here utilizes corn 
as the production vehicle  16   despite some 
skepticism of its relevance for PMP use in the 
future. The corn PMP production system 
differs from conventional corn farming and 
production occurs outside of the Corn Belt, 
where compliance with containment protocols 
is expected to be somewhat less diffi cult. 

    Table 3 :      Cost comparison of mAb manufacturing costs ( $  per gram)   

      Mammalian cell    PMP  

      Low    High    Low    High  

   Daniell  et al   10    1000  1000  50  50 
   McCloskey  11    105  175  15  190 
   McIntyre  12    350  1200  80  250 
   Crosby  13    50  100  12  15 
            
   Average  376.25  618.75  39.25  126.25 

     Daniell   et al   compared the cost of purifi ed IgA made by cell culture, and green biomass (50   t / acre) with leaf expression levels of 
500     �  g / g    .   

     McCloskey estimates that capital costs for a 300   kg / year facility utilizing corn would be  $ 10 million, tobacco  $ 20 million and 
bioreactor  $ 78 million.   

     McIntyre assumes 1   kg / acre crude mAb from corn with 50 per cent recovery.   
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of fi elds, farm operations, and grain under a 
traceable system; (4) the containerization of 
seed and grain and shipment to the facility for 
warehousing and cleaning; (5) the training of 
producers; and (6) incentive payments made 
to producers. 

 When all the fi eld costs and containment 
costs are compiled, the per acre PMP 
production costs are assumed to be  $ 1492 
( Table 4 ) and are roughly in line with other 
PMP production estimates.  13   Such per acre 
costs are between two and three times the 
cost of commodity corn production. 

 In addition to the fi eld production costs, 
the PMP production system also requires a 
dedicated and ongoing breeding program 
operating in parallel to the production of 
grain. The low-scale economies result in an 
annual seed production cost of  $ 72   707, 
including the cost of fi eld production 
and the management of the breeding 
program. 

 When all the acreage needed to supply the 
PMP facility is accounted for, the cost of corn 
is  $ 3.64 million dollars, which equates to 
 $ 15.6 per bushel of grain used at the 
processing facility ( Table 5 ). 

 Once this grain is harvested, it is 
transported to the facility, unloaded, tested 
and warehoused. When needed for 
production, the grain is cleaned and reduced 
to meal, where it is soaked and agitated to 
begin the separation of the protein portion of 
the corn. The mAb recovery section begins 
with centrifugation to fractionate proteins 
from the other biomass. This is followed by 
microfi ltration, diafi ltration and then 
chromatography steps. After the fi nal polishing 
fi ltration, the product moves into the 
formulation and packaging process.   

 PMP manufacturing costs 
 The facility is a signifi cant investment 
requiring  $ 12 million in equipment purchases. 
The total physical cost of the facility including 
all buildings is  $ 64.4 million. After indirect 
costs are considered, the facility could reach 
 $ 118.5 million. Despite the large capital outlay 

 The corn PMP system begins with the 
specifi c genes being introduced into the plant 
germplasm. These transformed plants are 
developed in a breeding program involving 
selective inbreeding and backcrossing, which 
lasts for a number of years. Expression levels 
of different antibodies in stably transformed 
plants vary. Agracetus created a corn line they 
reported to have produced human antibodies 
with yields of 1.5   kg of pharmaceutical-quality 
protein per acre of corn. Monsanto presenta-
tions commonly cited the potential of 2   kg 
per acre.  12   

 For the purpose of this article, we use a 
conservative expression level of 0.000323   g of 
mAb per gram of raw protein produced in 
the mature seed. Putting this into context, at 
120   bushels of corn per acre, the protein 
expression is 1   kg per acre requiring a total of 
1000 acres. However, inherent production 
risks require some degree of overproduction 
to mitigate potential yield and harvest losses  –  
20 per cent here. Over production is also 
needed to compensate for the 53 per cent 
extraction rate of the mAbs from the corn 
seed. In total, the facility requires the 
production of 2338 acres to yield 1000   kg of 
mAbs per year. 

 Compliance with genetic containment 
regulations increases this acreage footprint. 
Following     BIO  17   and United States 
Department of Agriculture Animal and Plant 
Health Inspection Service  18   guidelines, all 
PMPs will require dense crop border rows 
and fallow rows. Assuming that 10 fi elds are 
used to produce the PMP corn, this will 
increase the acreage required for production 
to 2549 acres. In addition to this, 13   908 
surrounding acres must be monitored to 
ensure that corn is not being produced and 
27   755 surrounding acres must be monitored 
for seed production. 

 Other containment measures must also be 
taken including: (1) the dedication or 
extensive cleaning of certain equipment; (2) 
additional land costs necessary to buy isolation 
(in this case producing in California instead of 
in the Corn Belt); (3) the active monitoring 
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the facility is only the second largest operating 
expense of the PMP system, comprising 26 per 
cent of the annual bill ( Table 6 ). The most 
signifi cant costs are process consumables, 
namely fi lter membranes and chromatography 
resins, totaling 39 per cent of the total 
operating cost of the facility. Chromatography 
resins comprise the majority of this. 

 Raw materials are important, comprising 19 
per cent of the PMP facility operating costs. 
Corn comprises 23 per cent of the total raw 
material bill with the agents used in 
purifi cation (for example, Phosphate buffered 
saline    ) making the bulk of the cost. 

 The total annual cost of producing 1000   kg 
of mAbs via PMP production is  $ 82 million, 

  Table 4 :      PMP fi eld costs (120 bushel / acre    )   

      Fixed    Variable    Total  

    Pre-harvest machinery costs  
      Chisel  3.5  4.2  7.7 
      Disk  3.2  2.4  5.6 
      Apply nitrogen  4.2  4.2  8.4 
      Apply fertilizer  1.9  0.6  2.5 
      Cultivate fi eld  2.2  2.3  4.5 
    Planting  4.5  3.8  8.3 
      Spraying twice (0.85,   0.45)  2.55  0.9  3.45 
       Subtotal      22.05    18.42    40.47  
          
    Inputs        
      Nitrogen at  $ 0.3655 / lb   —   43.8  43.8 
      Phosphate at  $ 0.4185 / lb   —   18.8  18.8 
      Potash at  $ 0.241 / lb   —   7.2  7.2 
      Lime   —   7.0  7.0 
      Herbicide   —   28.0  28.0 
      Insecticide   —   17.0  17.0 
      Crop insurance   —    —    —  
      Miscellaneous   —   8.0  8.0 
      Interest on pre-harvest variable costs for 8 months at 9 per cent   —   9.9  9.9 
           Subtotal      —    139.66    139.66  
          
    Harvest machinery cost   25.0  10.0  35.0 
      Combine  4.5  25.0  29.5 
      Transportation  8.7  15.7  24.4 
      Drying liquefi ed petroleum at  $ 0.65 / gal  5.0  26.3  31.3 
      Handling  3.9  1.6  5.5 
      Loading for storage   —   125.0  125.0 
           Subtotal      47.1    203.56    250.66  
          
    Labor (6.1   ha @  $ 28.00 / ha)    —    —    170.80  
          
    Land    —    300.00    300.00  
          
    GMP compliance        
      Lock and key storage boxes  115   —   115 
      Warehousing   75   —    75 
    Surveillance   50   —    50 
      Imaging air operation and analysis   75   —    75 
      Ground-based systems   25   —    25 
      Data warehouse   50   —    50 
      Agriculture information and knowledge   50   —    50 
      Grower incentive (2 × expected acreage profi t)  240   —   240 
      Management  100   —   100 
           Subtotal      590.00    —    590.00  
          
    Total PMP fi eld costs        1491.59  
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 Bioreaction starts in a train of successively 
larger bioreactors employed to scale up the 
mAb producing cells to quantities appropriate 
for the largest bioreactors. These main 
bioreactors operate in a staggered fashion 
owing to the length of time required to grow 
the cells to maturity. The total fi nal capacity 
of the facility includes eight bioreactors each 
having a capacity of 15   000 litre. These 
bioreactors are assumed to have conservative 
titers of 1.5 g / litre. Industry reports suggest 
titers are frequently in the 1 – 2 g / litre range 
and occasionally much higher.  19   

 Once the cells have reached an appropriate 
concentration, the antibodies are extracted 
from the cells and debris. The recovery 
section begins with a centrifugation step 
followed by microfi ltration, diafi ltration and 
virus inactivation. The remaining recovery 
and purifi cation procedures are largely similar 
to those of the PMP system, from a process 
standpoint. Although PMPs have unique 
complexities to be worked through, they also 
enjoy some advantages such as not requiring 
virus inactivation steps.  20   The costs reported 
in both cases assume an optimally performing 
process and do not account for unforeseen 
diffi culties, which could be signifi cant, 
especially with the unproven PMP process. 
Here, as expected, the fi nal reclamation yield 
achieved by the fermentation facility is slightly 
higher than the PMP facility, at 56 per cent. 

 The capital cost of the mammalian cell 
culture facility is considerably higher than the 
PMP facility  –  by a factor of almost two. This 
added cost is largely associated with the 
fermentors needed to amplify the mAbs and 
leads to  $ 23 million in total equipment cost, 
and  $ 120 million in total physical facility cost. 
When indirect costs are considered the facility 
reaches  $ 222 million. 

 The total annual operating costs at the 
fermentation facility are  $ 122 million per year 
( Table 7 ), with the facility costs at the 
fermentation facility comprising 33 per cent 
of the total. As, with the PMP facility, 
consumables were the largest cost source and 
similarly chromatography resins were the main 

or  $ 82 per gram. This fi gure is squarely in the 
middle of the industry PMP cost estimates 
found in  Table 3 .   

 Fermentation process and costs 
 The primary difference between the PMP 
system and the fermentation system is the 
growth of mAbs in bioreactors instead of in 
the fi eld. As the fermentation system involves 
similar steps of recovery and purifi cation, it is 
this bioreaction section that is expected to 
create the majority of the differences in cost 
and operation. 

  Table 5 :      PMP production costs for the modeled 
facility   

   Minimum acres required (@120 bushel / acre)  1947.0 
   Additional acres to mitigate production risk 

(@20 per cent) 
 389.4 

   PMP acres  2336.4 
   Small border (2   ft)  6.0 
   Dense crop border (10   ft)  30.3 
   Fallow border  154.2 
   Seed acreage  21.9 

    Total acreage   2548.8 
      
   Cost per PMP and seed acre  1491.6 
   Cost per border row acre  901.6 
   Cost per fallow acre  344.8 
      
   Total PMP cost  3   484   957.5 
   Total border row cost  27   298.2 
   Total fallow cost  55   240.4 
   Seed cost  72   706.8 
      
    Total cost   3   640   202.9 
      
   Total cost per acre  1869.1 
   Total cost per bushel  15.6 

  Table 6 :      PMP operating costs   

    Cost item     $  / year    Per cent  

   Raw materials  15   469   121  19 
   Labor-dependent  4   184   000  5 
   Facility-dependent  21   702   000  26 
   Laboratory / QC / QA  628   000  1 
   Consumables  31   713   000  39 
   Waste treatment / disposal  7   096   000  9 
   Utilities  1   333   000  2 
        
   Total  82   125   121  100 
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components. Raw materials were also a 
signifi cant cost, of which media for growing the 
mAb producing cells comprised 64 per cent. 

 The total annual cost of producing 1000   kg 
of mAbs via fermentation is  $ 122 million, or 
 $ 122 a gram. This fi gure is on the low side of 
the cost estimates reported in  Table 3 , but 
well within the appropriate range.   

 Cost comparison 
 This study suggests that PMPs can lower the 
manufacturing costs of mABs. In fact, the per 
unit cost for the PMP system may be two-
thirds as much as those of the mammalian 
facility ( Table 8 ), saving a 1000   kg operation 
 $ 44 million per year. The capital investment 
required for facility construction is also much 
less for the PMP facility  –  by almost half. 

 These cost relationships are not expected to 
remain static over time, as the technologies 
mature at various rates. High levels of 

investment in fermentation technology have 
had the effect of increasing the effi ciency of 
mAb production. This is especially evident in 
the rising mAb titers, which decrease the cost 
of fermentation relative to PMPs. This analysis 
fi nds that as fermentation titers approach 
9   g / litre, the cost advantage of PMPs could be 
largely eroded at the considered scale. The 
lower the cost of fermentation, the larger the 
production scale must be for PMPs to be 
viable.    

 DISCUSSION 
 Even modest potential cost savings of PMPs 
would, intuitively, warrant higher levels of 
R & D investment and adoption than are 
currently being experienced. It stands to 
reason then, that despite the potential 
manufacturing cost savings, PMPs may not yet 
offer an optimal approach for mAb 
production. One reason for this may be 
uncertainties associated with PMPs that 
elevate the true cost of adoption.  

 Problems associated with PMPs 
 While the pharmaceutical industry is still 
coming to terms with the effective regulation 
of biologics, PMPs add a number of new 
questions and uncertainties including:   

  Facility regulation : the pharmaceutical 
manufacturing facility is regulated based on 
standards of control and repeatability. This 
is relatively straightforward when the 
production process is constant, but more 
diffi cult when the production process is 
prone to changing environmental 
conditions. This diffi culty could result in 
regulations being more costly to meet. 
  Drug effi cacy regulation : biologic 
pharmaceuticals can be complicated drugs 
and the production process can play a large 
role in effi cacy. It is not certain that plants 
can be made to express the pharmaceutical 
proteins accurately and maintain that 
effi cacy consistently over time. For example, 
any diffi culty in maintaining correct 

•

•

  Table 7 :      Fermentation facility 
operating costs   

    Item     $  / year    Per cent  

   Raw materials  19   735   000  16 
   Labor-dependent  5   901   000  5 
   Facility-dependent  40   692   000  33 
   Laboratory / QC / QA  835   000  1 
   Consumables  46   141   000  38 
   Waste treatment / disposal  5   750   000  5 
   Utilities  2   627   000  2 
        
   Total  121   681   000  100 

  Table 8 :      Comparative costs of PMP versus 
fermentation systems for producing 1000   kg of 
mAbs       

    Item    PMP costs as a percentage 
of fermentation costs ( % )  

   Raw materials  78 
   Labor-dependent  71 
   Facility-dependent  53 
   Laboratory / QC / QA  75 
   Consumables  69 
   Waste treatment / disposal  123 
   Utilities  51 
      
   Total  67 
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manufacturing cost and towards quick 
commercial introduction and minimizing risk 
associated with product delays, shortages, 
recalls, regulatory compliance and so on. 
Contract manufacturing is a dominant strategy 
for managing these issues except where 
capacity is already owned. As lead times 
associated with PMP breeding programs can 
be long and associated risks are high, some 
PMP systems may have signifi cant 
disadvantages compared to conventional 
contract manufacturers. 

 The market for off-patent drugs is 
governed by different dynamics. Without 
patent protection, fi rms have more incentive 
to compete on manufacturing cost. Risk too 
may be somewhat less constraining, as issues 
of time and brand name are less important. 
Such a market seems better suited to PMP 
fi rms, and recently the PMP industry appears 
to be targeting established biologics such as 
insulin and lactoferrin. 

 The opportunity of off-patent mAbs is, 
however, complicated by regulations 
governing generic biologics (or biosimilars). 
The United States currently views biosimilars 
as non-equitable to the originals, and requires 
them to undergo many of the regulatory 
hurdles of the original. The high cost of 
compliance and long lead times limit the 
incentive for generic manufacturers to enter 
the market. However, the issue is being 
actively debated by industry and legislators, 
with signs pointing to development of an 
equitable pathway for generic biologic drugs. 
A clear regulatory path for biosimilars may 
open up demand for low-cost, biologic 
manufacturing capacity even as new biologics 
continue to put pressure on existing 
fermentation capacity. 

 The role that PMPs might play in the 
pharmaceutical industry will largely depend 
on the ability of PMPs to effectively produce 
and replicate complex biologics. It will also 
depend on the PMP industries ’  ability to 
evolve and continue to maintain a cost 
advantage over fermentation systems. 
Diffi culties with such issues could relegate 

glycosylation patterns and protein folding 
could create signifi cant regulatory obstacles. 
  Environmental containment : much has been 
written about the possibility of 
pharmaceutical corn entering the food 
chain, or pharmaceutical genes introgressing 
into the environment. The FDA regulates 
these events with a policy of zero tolerance. 
As meeting this is not functionally possible, 
signifi cant risk of liability exists in the event 
of a breach. 
  Popular opinion : PMP crops have generated 
both interest and opposition. Unpopular 
PMPs might be more diffi cult to produce 
and be an image liability for the drug 
manufacturer.     

 The future adoption of PMPs 
 PMP adoption is expected to occur only in 
an environment, where manufacturing costs 
are of key concern and the perception of 
PMP risks is decreased. Such a scenario may 
not be likely in all segments of the 
pharmaceutical industry. For example, with an 
estimated  $ 1.2 billion price tag to bring one 
biologic to market  21   and a minute chance of 
successfully completing clinical trials, 
manufacturing costs are only one of many 
considerations for pharmaceutical fi rms 
developing innovative drugs. 

 In cases where the drug company wishes to 
manufacture a new biologic in-house, 
investment in the manufacturing facility may 
need to be made as much as 5 years in 
advance of commercialization, to 
accommodate the long lead times in 
construction and regulatory approval. This 
creates a signifi cant investment risk, as a fi rm 
could be caught with not only a drug that 
failed clinical trials but also costly 
manufacturing capacity that is not utilized. 

 In part to alleviate this problem, many 
biotech drug companies have opted to rent 
manufacturing capacity. While manufacturing 
costs may be higher than if done in-house, 
risk adjusted costs may be signifi cantly less. 
Drugs under patent protection shift the focus 
of the pharmaceutical fi rm away from 

•

•
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PMPs to the production of comparably 
simple, large volume biologic products such as 
enzymes. In either capacity, PMPs have the 
potential to have a signifi cant impact on the 
pharmaceutical industry provided that they 
encourage adoption by demonstrating ongoing 
safety and effi cacy.                  
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