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Abstract  
 
The field of medical device safety testing is slow to embrace in vitro methodologies. The Limulus amebocyte 
assay might be considered a forerunner for non-animal tests here as it is applied to eluates from medical devices 
in order to determine microbiological contaminations. However, this test is limited to Gram-negative bacterial 
endotoxin. More recently, assays based on the human fever reaction were developed. They make use of human 
white blood cells, which respond to many further stimuli. Especially the whole blood pyrogen assay allows to 
measure directly on the surface of the medical devices, avoiding pyrogen eluation. Its adaptation to medical 
devices showed that both eluation and depyrogenation by standard methodologies are not adequate to determine 
and remove pyrogen burden of medical devices. This test case is used to discuss opportunities and limitations 
for in vitro medical device testing in general. 
 
Some opportunities develop from the mechanistic toxicology that has evolved over the last decades, which is 
effectively relying to large extent on methodologies which substitute or complement traditional animal tests. 
The biotechnology and informatics revolution of the last decades has made such technologies broadly available 
and useful. Regulatory toxicology has begun to embrace these new approaches. Namely, under the framework 
of Adverse Outcome Pathways (AOP) OECD is promoting attempts to organize our mechanistic knowledge for 
various health hazard manifestations. Major validation efforts have delivered the evidence that new approaches 
do not necessarily lower safety standards and can be integrated into regulatory safety assessments, especially in 
integrated testing strategies. 
 
Especially the 2007 NAS vision report for a toxicology in the 21st century has initiated a debate over how to 
create a novel approach based on human cell cultures, lower species, high-throughput testing and modeling. The 
report suggests moving away from traditional (animal) testing to modern technologies based on pathways of 
toxicity, forming the core of an AOP. These pathways of toxicity could be modeled in relatively simple cell 
tests, which can be run by robots. The goal is to develop a public database for such pathways, the Human 
Toxome, to enable scientific collaboration and exchange. The NIH is funding since September 2011 by a 
transformative research grant our Human Toxome project (http://humantoxome.com). The project involves US 
EPA Toxcast, the Hamner Institute, Agilent and several members of the Tox-21c panel. 
 
Early on, the need for quality assurance for the new approaches as a sparring partner for their development and 
implementation has been noted. The Evidence-based Toxicology Collaboration (EBTC, htpp://www.ebtox.com) 
was created in the US and Europe in 2011 and 2012, respectively. This collaboration of representatives from all 
stakeholder groups aims to develop tools of Evidence-based Medicine for toxicology, with the secretariat run by 
CAAT. Concepts of mechanistic validation are emerging using EBT principles to validate AOP. All together, 
Tox-21c and its implementation activities including the Human Toxome and the EBTC promise a credible 
approach to revamp regulatory toxicology. Many of the same concepts lend themselves to translation to medical 
devices. 
 
Introduction  
 
Up to this point in the symposium, we have heard about assays that are fairly well developed in some areas and 
endpoints. The truth is it took us about 30 years to get there. Beginning with this talk, we’re going to start 
looking into the future differently, because of the science and approach that has developed. The presentation 
shares some examples related to pyrogen testing and the effect of contaminants, then draws some more general 
conclusions from the field of medical device testing, and finally highlights the novel developments taking place 
in the field of toxicology — some of which might resonate with the field of medical devices. 



 
Presentation 
 
Biocompatibility testing 
 
The number of publications mentioning biocompatibility testing is exploding. It is an field facing some 
interesting challenges in dealing with direct materials, solids, and determining how to bring cells into contact, 
using wash solutions (solutions that are highly diluted), and eluates (which require long-term extractions, and 
are not necessarily well-defined). 
 
Toxicologists must deal not only with materials, but also the contaminants; very often a contaminant that 
produces the problem. Other important factors to consider include the degradation of products, the 
inflammatory process that can cause tearing, or mechanical use of these materials, and the challenges of dealing 
with mixtures. 
 
Each biocompatibility testing option presents unique challenges. In vivo methods have tremendous impact on 
the organism, but at least they are close to what the patient experiences. The problem with in vitro testing is that 
if you bring cells into contact, it is usually a cell that needs to adapt, to differentiate. If a cell is obtained by 
triptination or others from a solution to have the cells grow on a device, it is not the mature cell – it is one which 
it takes time; so we’re confounding the process a little bit because we’re not exposing the differentiated cells to 
the device.  
 
In silico methodologies — to predict simply from existing data, and extrapolate to new materials — are 
hampered by data availability. There are no large data banks on which we can draw, we have far too few 
positive materials, and it is intellectually not possible to extrapolate negative findings from one structure to the 
other. 
 
An additional dimension to consider is that if you are testing a chemical, it is one substance. If it is going into a 
device, solid materials, then you must take shape and surface into account as well, as demonstrated by the field 
of nanoparticle testing. 
 
With medical device testing, surface and material effects need to be considered. Pyrogens as contaminants play 
a role, as they are often absorbed into surfaces and will produce surface effects, and prompt immune reactions. 
They are batch-dependent because typically there is a lack of consistency with the way you contaminant devices 
with bacterial materials. It could be very possible that some batches are clean, and some are not. 
 
The biology behind pyrogen contamination 
 
The bacteria have pathogen-associated molecular patterns; endotoxins are the most common one, and the 
immune cells, mainly the monocyte macrophages, have receptors to find them. (Need artwork to include 
Pyrogen Contamination visual). 
 
Using the gastrointestinal tract to illustrate the potency of this reaction; it will contain 1-2 kg of bacteria, about 
50g of Gram-negative endotoxins. If I isolate 50 grams of endotoxins and inject it, it could kill a million people; 
or induce fever in one billion — just with the bacteria found in one person’s gut. This shows us how vigorous 
the reaction is against material that is dead. It does not represent infection, or any threat for biological systems; 
it is just mistaken for the presence of bacteria. That is why we have to fight even very small concentrations of 
endotoxins. 
 
As for the two traditional tests for pyrogens, still around 300,000 rabbits are used per year. One of the most 
successful alternative methods, the Limulus Assay, has replaced about 90% of pyrogenicity testing, mainly 
water testing actually – but this assay very successful, about $300 million return on this assay though it has 



never been formally validated, and it is restricted to gram-negative bacteria. It misses all Gram-positives, which 
is important for biofilms, and it doesn’t cover fungi. It also does not reflect the human potency of pyrogens. 
 
The assay I’ve been developing is based on human blood; simply bring the material, whether it is a drug or a 
solid material in contact with blood, and measure the cytokine release in whole blood from cytokins. I drove it 
through the validation study, and then it made it as the Monocyte Activation Test (MAT) into FDA acceptance, 
though with some limitations — the FDA accepts it only as a replacement for the Limulus assay because they 
don’t believe that coverage for other assays has been proved in the validation study. 
This is one of the big hindrances for the assay at this moment. It’s commercially available; it’s cryo-preserved 
blood, so in a highly standardized way, but available. 
 
We submitted about a year ago to FDA/ICCVAM pyrogen test working group a Transatlantic Think Tank for 
Toxicology-sponsored report with 350 references: “Evidence for the Detection of Non-Endotoxin Pyrogens by 
the whole blood Monocyte Activation test.” At this point, we’re waiting for a response, but from my perspective 
scientifically it is clear that this assay does cover all types of different pyrogens that cause a reaction in humans. 
 
Interestingly, pyrogen detection can happen also on absorbed endotoxins, which we showed using Teflon filters 
that had absorbed endotoxin was absorbed With or without the filter, there was no difference, as shown for a 
variety of materials.   
 
Lessons learned by the Whole Blood Monocyte Activation Test 
 
The validation study showed clearly that the assay is more sensitive than the rabbit assay — alternative methods 
can outperform animal tests. It is also a quantitative assay; numerous studies have shown that it is less variable 
assay, less prone to mistakes than rabbit assays (which actually have very high variability). However, another 
lesson learned is that commercial concerns cannot be ignored. An assay that is not available commercially has a 
low level of standardization, and a number of problems reaching the researchers and the labs to carry it out. If 
you don’t have kits available, it is very difficult for most places to implement this kind of assay. 
 
Furthermore, 15 years from contriving and publishing the assay to its regulatory acceptance is too lengthy for 
quickly moving industries and their testing needs. This exercise has cost about $5 million to run this assay up to 
this point. This field cannot afford to do validations in this way for technologies that are bringing in advantages 
… and that is also why international harmonization is important. Not only the fact that some countries are 
hesitant to use it, but also its limited acceptance in the US leads to very limited use of the assay. European 
testing still uses 110,000 rabbits per year, which could all be replaced. There is not a single example for a 
product where pyrogen testing could not be replaced, where the material was not compatible with the tests.  
 
There is also no enforcement of implementation, so the validity statements do not necessarily lead to high use of 
the technology. And yet, we can do more than the classic assay is capable of.  
 
One of the new challenges we can address, is not only cellular therapies and environmental pyrogens in air — 
all the biotechnology that makes use of Gram-positive bacteria — but also rather medical devices. Some 
examples of our experiences follow. 
 
Pyrogen detection on biocompatible materials 
To detect pyrogens, instead of taking biocompatible materials, rinsing in solvent and producing a Limulus assay 
or rabbit assay, we can directly incubate the material with blood, because we can easily bring it into contact. It 
is a liquid reagent, and we can measure cytokine release in ELISA. 
 
Performance of the MAT for devices 
There are some different options. You can do this in static contact (Need artwork to include images on slide 17), 
if it’s activated, or you can perfuse an apparatus in order to see what is on the inside. 



 
Contamination of steel by manual handling 
We demonstrated how easy it is to contaminate steel by simple manual handling; after heat sterilization, 
ensuring that it would be endotoxin free, the researchers simply handed it around. Of course manual handling 
contamination happens during the manufacturing process, but it was interesting to see that different donors 
reacted very differently, and the pooled blood of these donors gave a nice average. We saw a strong reaction 
just from fingerprints. 
 
To conduct this experiment, we produced a heavy cell culture plate in the world — a 15-well steel block 
designed to improve the validation methods. Weighing about 2 pounds, made of stainless steel, it allows us to 
put any type of material we want to test on the bottom incubation chambers.  
 
Then we can carry out testing on a defined surface area of various materials: polystyrol, stainless steel, 
elastomer — all of them tested negative without endotoxin additions. – and you can look for endotoxin spikes. 
One appeared at 12.5 pg, which is normally below the detection limit of the assay — hinting to the fact that 
sometimes there is a presentation effect with pyrogens; increased ? of pyrogens absorbed by materials. This 
underscores a very important paradigm shift. If pyrogens react differently on the surface, then testing on eluate 
solutions is actually not the way forward. (Need artwork to include graph on slide 20, Endotoxin response on 
different materials tested on 15 well steel block, and slide 21, Elimination of pyrogenic residuals.) 
 
Next, the same type of experiment showed how to remove the pyrogens from the manually contaminated 
surfaces. It is the same type of experiment, control, then, manual contamination, then normal sterilization 
process (30 minutes and 25°C) then dried at 250°C. These standard conditions did not really remove the 
endotoxins from the surface of the metals. Only at 300°C for five hours were we able to remove what was left 
from fingerprints. Now imagine how metal prostheses are produced: very many are manually treated, and very 
few undergo more de-pyrogenization than the 250°C treatment … and many other materials receive much less.  
 
Sampling of the varieties of materials and pyrogen contamination studies 
 

! Test of alginate microcapsules in the whole blood pyrogen test; raw materials contaminated 
 

! A large new project on spidersilk showed we can retrieve any endotoxins bound to spider silk materials; 
project had the goal to develop spider-protein derived implants, never succeeded, but tests showed very 
clearly we would have found endotoxins 

 
! Work done by Greiner Lab showed with atomic force microscopy that their polypropylene surface 

materials actually absorb endotoxins, and you cannot wash them away – the washed materials still have 
a lot of endotoxins (Greiner introduced this as a quality control assay to avoid pyrogen contamination, 
because it allowed them to measure directly on the surface of their materials to determine whether there 
was pyrogen contamination) 

 
! An original safety test used an example of controlled, washed surfaces – what is found in a supernatant –

with standard extraction procedures, you’re hardly able to remove any endotoxins; the supernatant 
showed very little activity; while the sticky endotoxin did not go away 
 

! Joint study on neurosurgical aneurysm clips: IL-1 cells are among the most sensitive cells for pyrogen 
activation in the body; that’s why we have lower levels for endotoxins for drugs which are applied 
vertically; they study found clips spiked with endotoxins and showed their removal 

 
! Study on plasma discharge removal of endotoxins  

 
Surface bound LTA is more potent (Need artwork to include bar graph, slide 28) 



This I think is an Epiphany. This experiment shows LPS/Gram-negative pyrogen, and LTA, the Gram-positive 
pyrogen – its counterpart. We allowed the LTA to adhere to the plastic of the cell culture well … for a number 
of hours. By doing so, materials that were hardly active increased their activity 1,000 fold. We did control 
experiments in glass wells where LTA because, of the negative charge, cannot bind and the material is inactive. 
Immune cells can detect this eminent Gram-positive compound only when it is bound to surfaces, so diluting it 
would completely inactivate it and hinder its detection. The effect of 1,000 clearly shows that measuring on the 
surface is a new quality in pyrogenic testing. 
 
Conclusions 
 
Current tests do not adequately control pyrogen contamination of medical devices because we are not 
measuring on the surface; but this represents a paradigm shift and human relevant testing is possible, because 
we have shown that the assay is reflecting the fevers of mammals — which is not the case for the Limulus 
assay. 
 
Perspectives for other alternative methods 
 
Some 50 methods validated by the international bodies; over the last 20 years; this doesn’t mean that 50 animal 
tests have been replaced, because some are actually in vivo assays which have reduced or refined animal use, 
and which also show tremendous potential. One has reduced use of 45 animals on average to 8-12. 
 

! As far as skin assays are concerned, the mucosal models that are coming up have not been validated yet 
by the validation bodies  

! Genotoxicity (there are a lot of opportunities, but we have learned about the false positive rates and how 
to handle this) 

! Sensitization is the area where new methods are coming up and some validation studies have been 
completed; around 19 assays have been evaluated over the last ten years, and it is looking very 
optimistic 

! Cell transformation (just becoming an OECD guideline to replace carcinogenic testing—very 
interesting method for medical devices) 

! Cytotoxicity & immunotoxicity methods – there are many options on the way in these areas 
 
Nanoparticles testing – medical device testing on speed  
 

! We have solid materials, more surface area, more extreme than any medical device — and now of the 
things we’ve learned for medical devices have to be applied to nanoparticles 

! A lot of interesting potential cross-talk 
! Review recently published: Hartung T and Sabbioni E. “Alternative in vitro assays in nonmaterial 

toxicology.”  
 
New hazards from nano?  
 

! No altered positive effects without altered negative effects; we have to consider tox changes of materials  
! This holds true for medical devices as well, depending on the shape, treatment, whatever – if you benefit 

from the positive effects of what the materials can do, you always have the risk of associated negative 
effects as well. For example, for nanoparticulars; the particulate matter is associated with arteriosclerosis 

! Reactive chemistry goes with surface, the bigger the surface, the more reaction or reactive the materials 
are 

! Changed kinetics can cause new effects as well 
 



o Many effects have a threshold level; you need a certain concentration to have an effect. If you 
have normal uptake of substances, you might not reach the toxicity; if nanoparticles are taking up 
faster, you hit the threshold, and suddenly you see a toxicity level you have not seen before. 

o For example, see a comparison between soluble cobalt compared to cobalt nanoparticles. (Need 
graph, page 36)What you see here … a shift of the concentration response curve. The bright blue 
is negative cancer biomarker, and the dark is positive – so suddenly you’ll get positive cell 
transformation from a material that tests negative when it is in solution. Some of these tests can 
change with material property/in this case the particle size  

 
For nanoparticles, we have to expect that depending on the type of particle if we have altered solubility, an 
altered hazard profile, and altered kinetics in the parent compound, - each and every nanoparticle is to be seen 
as an individual until we know more. What this means for medical devices is that hopefully we can find rules 
for groups, because treating every medical devices as an individual would be a far stretch. But this potential we 
always have to take into account. 
 
These types of properties can affect both in vivo and in vitro effects with the problems of how to extrapolate in 
vivo finding to humans; can we use the classical risk factors that we have, and how can we use low dose 
extrapolations? 
 
Expected suitability of (validated) alternatives 
If you consider what from the toolbox of alternative assays is actually useful for nanomaterials, from my point 
of view all of the refinement and reduction alternatives seem to be useful for this class of materials. The 
pyrogenicity assay seems to be especially useful, because it has been shown that nanoparticles cannot be tested 
in the Limulus assay, while the whole blood assay can handle these. 
 
The skin irritation and corrosion test, as we’ve seen with medical devices, are assays which lend themselves to 
this testing, as do irritation cytotoxicity assays, genotoxicity and cell transformation; there’s possible use for 
some of the skin absorption, embryotoxicity, myelotoxicity assays which have been validated. Interestingly, 
none of them have been systematically evaluated for nanoparticles.  
 
Nanotoxicology and green toxicology 
We did a similar workshop here in 2010 in the context of our Transatlantic Think Tank on testing strategies for 
nanomaterials (Nanotoxicology: The End of the Beginning: Signs on the Roadmap to a strategy for assuring the 
safe application and use of nanomaterials). A good next step for medical devices would be coming together to 
ask what can we do, how would we propose a testing strategy that relies on in vitro methodologies and only 
uses animal tests as a possible last resort? Another conclusion from this workshop was that we need to embrace 
the new stuff. 
 
We’ve also partnered with EPA in the area of green toxicology. The idea comes originally from the 
pharmaceutical world; where the concept is fail early, fail cheap. The earlier you learn about the toxicological 
limitations of your substances, the less cost you’ve invested in them. So chemists are now talking about test 
early, develop clean. The idea of assessing or estimating properties of substances, then choosing those 
substances which will likely have fewer limitations and less toxicological burden, to anticipate human or 
regulatory problems and under the name of green toxicology, is creating a lot of interest. There have been a 
couple of conferences devoted to this topic, in Connecticut, and more recently in Baltimore in Nov. 2013. Could 
we help the design of more biocompatible materials from the start, by having toxicologists talking to people 
developing the products from the very start … not at the very end of a costly development to then undergo 
regulatory testing. 
 
I also would ask whether or not REACH, the European chemical legislation, might be a role model for us? In its 
annex, it describes how to deal with the various information sources, advising that we make use of all of these 



… in vitro, Q(SAR)s, etc., and waiving it when possible because its technically not necessary when exposure is 
minimal. Animal testing is then only used as a last resort, if all of the other assays are not sufficient. 
 
Conclusions for Nanotoxicology 
 

! The advent of nanotech amplifies the problems of toxicology (amount of testing, new endpoints, 
complex kinetics).  

! We must take advantage of experiences from validation of in vitro tests. 
! Tox-21c and ITS approaches should be considered 
! We need quality assurance beyond formal validation 

 
The limitations of in vivo tests: tests can only be sensitive or specific, they are statistically underpowered, and 
there are many endpoints without statistical correction for multiple testing. However, it is also important that we 
see in vitro models with same limitations as in vivo. We should not simply by saying that traditional 
methodologies have their problems, believe that traditional types of cell cultures will give us all of our 
solutions. 
 
Just to make clear every technology has its limitations, here is a list of the limitations in vitro models: 
 

! Cell identity: Consistently over the last 40 years, between 10-100% of cell lines tested were not what 
you believed; 10% which were found in the pertinent cell banks were not even from the species that the 
label said 

! Mycoplasma 
! Dedifferentiation favored by growth conditions and cell selection 
! Lack of oxygen  
! Tumor origin of many cells – up to 20,000 mutations (Chromosome 21 – described as shuffled “like a 

deck of cards”) 
! Lack of metabolism and defense mechanism (because they are pampered in the lab) 
! Unknown fate of test compounds in culture 

 
Tox 21: Embrace the new technologies 
Current pursuits aim to move the toxicology of the 20th century into the 21st. The buzzword Tox21 came from 
the 2007 National Academies strategy to embrace new technologies, use the biotech and bioinformatics that are 
available, map pathways of toxicity, and show how the cells are actually damaged. A number of major agencies 
– EPA, NAS, NIH, FDA – are embracing an approach that is somewhat different. 
 
I’m trying to promote a concept of evidence-based toxicology; bringing evidence-based medicine to toxicology. 
This is the quality assurance component. We have seen a change in the technologies that we have available, 
including increasingly standardized technology, high content imaging, high throughput screening, revolutionary 
bio-informatics, bio-engineering, etc. 
 
This has given rise to activities on organo-typic cultures, “human on the chip” approaches – these are some of 
the cutting edge technologies in this field. This is a completely new generation of assays, where bioengineering 
and cell culture come together. 
 
Tox-21st Century elements 
 

1. Organo-typic cultures:  
 

! A player we did not expect on this field prompted the human-on-chip approach: the Department 
of Defense. Their need to develop medical countermeasures to bioterrorism and chemical 



warfare prompted the need to evaluate these things absent patients. The technology promises to 
overcome many shortcomings of existing alternatives, particularly with the use of stem cells.  

! There is no animal model that could substitute for clinical trials – otherwise we would not see 
97% of drugs failing human trials. Each and every pharmaceutical model would love to develop 
such validated animal trials and avoid the cost of a human trial.  

! JHU-CAAT has been advancing these initiatives on several levels; it organized a workshop on 3-
D systems, in 2012 (report forthcoming); it teamed up with partner organizations for the first 
conference on the topic last May 2013; and it is currently preparing for a good cell culture 
practices/stem cell workshop in 2014. 

 
2. Integrated Testing Strategies (ITS) 

 
! This is an idea that originated out of the European REACH model. The idea is very simple, but 

extremely valuable. It is naïve to think that a single in vitro assay can satisfy many information 
needs, replace entire complex animal experiments, chronic testing, reproductive testing, cancer, 
etc. But, combining different sources in an integrated way might actually help map the program 
quite well, if we identify key events. 

! JHU-CAAT and the Transatlantic Think Tank for Toxicology have organized a number of 
efforts to support this work, including a recent ALTEX paper, “Food for Thought … Integrated 
Testing Strategies for Safety Assessments,” and a commissioned white paper, “Integrated 
Testing Strategy (ITS): Opportunities to better use existing data and guide future testing in 
technology,” published in ALTEX in 2010. JHU-CAAT also recently held a workshop in Italy 
on integrated strategies for skin sensitization testing. 

! We believe very much that interim decision points, not just a battery of tests, but deciding what 
is the next most valuable test to do, how to combine information and let one assay inform the 
others is really bringing us forward.  
 

3. Pathways of Tox  
! Human Toxome 
! JHU-CAAT has an NIH transformative research grant mapping the Human Toxome, using 

“omics” technology for untargeted identification of novel pathways of mechanisms of toxicity. 
The project uses the test case of endocrine disruption – bringing together several groups to 
determine the pathway of estrogen/endocrine disruption, develop the tools map PoT for 
annotation/validation, and then hopefully establish a public database. 

 
At this point, there are several major remaining activities to implement the Tox 21 concept. The biggest is 
clearly the Alliance of Agencies: an alliance with FDA and different NIH institutes that do high-throughput 
testing, trying to evaluate hundreds of thousands of substances in a lot of biological assays. They recently 
released 1,000 substances tested in 700 biological assays. That is a lot of valuable information, now available to 
the public. How relevant high-throughput testing is for medical devices is arguable, however, this is a different 
way of characterizing, of biologically phenotyping, substances, and starting to learn how substances behave and 
how to nail down their biological activities. 
 
The Hamner Institute is working on case studies on some known pathways of toxicity. 
 
The evidence-based medicine movement has evolved over the last few years to bring objective assessment, 
systematic reviews, and meta-analysis to clinical endeavors. Since 2002, we’ve been exploring how much of 
this can be used to help toxicologists develop quality assurance measures. We organized the first conference in 
2007 in Italy for evidence-based toxicology, drawing170 people from five continents. There is now a US-based 
secretariat at CAAT, and the EPA organized a conference in the US focused on the concept in January 2012, 
and the proceedings have been published. A number diverse working groups, including in Switzerland and 
South Korea, have sprung up to advance the concept as well.  



 
In closing, we have to remember that we can only make it if there is rigorous quality control. Validation has 
served us for traditional tests, but no one wants to wait 15 years for the next assay to be approved. 
 
Discussion 
 
What would it take to get this pyrogen test for medical devices validated through ISO? 
It’s a matter of defining what we need to show, and the availability of suitability of test materials. We need the 
industry to cooperate and provide some more devices for testing. I am not sure how much interest there would 
be; people usually come because they have a problem with an assay; they are fearful upfront that they might 
find something that had not been detected previously. It also depends on the type of pyrogens an assay will 
cover … if you want to cover endotoxins, it’s a pretty quick deal. If you get into other materials it is a little 
more complicated in terms of availability and stability. We actually proposed to FDA a pre-proposal to go for a 
validation for medical devices and also for nanomaterials, and we’re waiting for a response. 
 
Is there a need to develop a test for the material to mediate pyrogens? 
While Dr. Hartung’s test picks up the LPS Gram-negative bacteria, though they’re rare, what do we really need 
from the medical device arena—is it possible to test for the material to mediate pyrogens, rather than the 
bacteria? Mechanistically, if they don’t got through the cell mediating process, a lot of the time there are 
chemicals that directly stimulate the thermo regulatory center in the brain and cause a fever. That is what the 
rabbit pyrogen test is really for. However, very few materials have such properties and it is not likely that the 
human blood monocyte assay will be able demonstrate what the brain is doing with a substance. Dr. Hartung 
thinks that the issue is the batch-batch control of materials, which can become contaminated; he has worked 
with many industries with respect to airborne pyrogens – steel-associated industries – and we see that pyrogens 
are a very common problem. They’re using emulsions for cooling that are recycled for months, and very often 
bacteria start to grow, full of pyrogens, and they can produce health problems in workers. That’s why some of 
the unions were interested in measurement. But it is very likely that contamination of products is taking place 
with medical devices, too, and  The decontamination process to remove pyrogens is completely inadequate. 
You’re merely caramelizing them on the surface, but they’re still biologically active.  
 
Regulatory acceptance of biological evaluation methods for medical devices 
Efforts by REACH, and the gathering of information on a chemical substance, are comparable to the ISO TC 
194 approach, where we use in vitro tests to collect information on the material on the medical device. 
However, we know that this concept is not accepted from the regulators; it is not accepted in China for example. 
Also, for medical devices, because of time-market pressures, testing is done in parallel, not waiting for the in 
vitro results to inform next steps. And yet, this is the way forward, and it is already included in biological 
evaluation of medical devices standards. 
 
The human monocyte test and human blood donors 
Regarding in vitro tools that require various people to give blood, blood is not a difficult issue. In the case of 
blood donors it’s a pretty established process, and blood banks will sell blood to researchers — they have far 
too many donors of some types (to get the rare types, they have to collect very broadly). Furthermore, cryo-
preserved human whole blood is commercially available, and this material is also tested by the standards of 
blood transfusions for HIV and Hepatitis, so the obvious problems ruled out and it’s now internationally 
available. This has helped overcome most of the hesitations to making use of blood. However, while blood is 
not an issue, all other tissues are; availability from surgical procedures is typically limited, or they’re diseased, 
and they cannot be reproduced. That’s why we are favoring induced stem cells. 
 
Moving the in vitro field into the regulatory arena 
Now is the time to start to support some of these alternative methodologies, and to think through how do we 
accept them to support regulatory decision-making. Regulators, including the FDA, are interested in seeing the 
in vitro data. Now, the industry needs to get together and begin to share the data they have with the regulator, 



not in a product-specific way, but in terms of what the standard tells us, and how do we use it? Companies use 
in vitro data all the time to make business decisions with it. The pesticide industry characterizes with in vitro 
short-term tests … then, once they know they have a product that will hit the market, only then they do the 
regulatory in vivo tests. Scientifically, in many areas, we’re already there. How do we collectively go forward? 
The medical device industry is ideal. First of all, there aren’t that many of you. Second, the issues have been 
fairly well laid out. Picking one or two areas to collaborate would give us a path to move forward. 
 
Sill, despite growing interest from the FDA in exploring the options, it is sometimes very hard to turn a big 
bureaucratic ship. One way forward is to develop a mechanism to provide in vitro data to FDA, perhaps in the 
context of ISO Working Group 15 (the group tasked with discussing emerging concepts). There have been these 
types of efforts that have been initiated by those in the pharmaceutical world, etc. to protect intellectual 
property, but still allow sharing of anonymized data. We might be able to take advantage of what has been done 
by other groups, either by REACH, or other groups as a model for information sharing. 
 
A pragmatic step forward would look at the toxicological endpoints mentioned in Part 1 of the ISO standard, 
and determine how to include in vitro tests within these toxicological endpoints that must be considered for 
medical devices. For certain toxicological endpoints, for example for irritation, sensitization, it seems that the 
likely conclusion would be that we already have the necessary systems available, which may not be the case for 
other toxicological endpoints. However, we have to work also on the complex toxicological endpoints like 
subacute, subchronic toxicity.  
 
Finally, we have very interesting experience in the refinement field to draw from as well. The pharmaceutical 
companies often make use of refinement opportunities to treat animals better, and we found out the reason. 
They feared that suddenly a study might not be accepted, and might delay some sort of notification, with the 
clock running on their patent time. A one day delay, on average, translates to a $1 million loss. In response, we 
created a trade refinement working group of the pharmaceutical companies, which cannot talk individually with 
FDA. Since at JHU-CAAT we are close to DC, we can be an honest broker between Europe, FDA and industry; 
we help organize, share information, and show that across the industry, these methods are considered acceptable 
— and this is an optimistic way forward. 
  



Threshold of Toxicological Concern Initiatives for Medical Devices 
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Abstract 
 
The Threshold of Toxicological Concern (TTC) is a concept used to estimate safe exposure levels for chemicals 
for which toxicological data are not available. It is based on chemical structure and known safety data for 
structurally related chemicals. This value represents a low level of exposure, with accepted by the US Food & 
Drug Administration (FDA), International Conference on Harmonization (ICH) and the European Medicines 
Agency EMEA) for the evaluation of impurities in pharmaceuticals. It has also been used for assessing 
contaminants in consumer products and environmental contaminants. The process for demonstrating 
Biocompatibility of medical devices often involves a staged approach starting with a thorough understanding of 
the chemical composition of the device, then progressing through in vitro and in vivo bioassays and ultimately 
continuing through the lifecycle of the product (i.e. risk management process). This is driven primarily by the 
recognition that such an approach facilitates the development of sound scientific evidence for the safety of the 
product and that chemical characterization is perhaps the most important stage of the evaluation. The stepwise 
approach also contributes to reduction, replacement and refinement of animal use by building in a decision 
point prior to in vivo bioassays. The TTC concept is an essential tool which allows decisions to be made early in 
this process. 
 
Understanding the potential toxicity of leachable substances is often required in biocompatibility risk 
assessments. When the structure of a leachable chemical is identified, toxicological conclusions may be drawn 
if there is a sufficient data available for that chemical. However, if the data is insufficient then, alternate 
approaches such as the TTC concept are needed to assess the potential consequences of a leachable substance. 
 
The TTC approach is applicable to risk assessment for systemic effects of leachables in the following manner: 
 

a) When a very low level of the chemical compound is identified in the extract of a new or changed 
medical device, but sufficient toxicological information about the compound is not available. The risk 
posed by the compound is considered to be negligible and therefore acceptable if it can be demonstrated 
the quantity of the compound in the extract (expressed in µg/person/day) is smaller than the TTC level.  

b) Within the context of the ISO 10993-1, -12, and -18 standards, comparative chemical characterization is 
intended to demonstrate that a new medical device is chemically equivalent to a predicate medical 
device, which is known to be safe. If equivalence can be demonstrated by chemical characterization per 
ISO 1099-18 and/or extraction studies per ISO 10993-12, the new device is deemed to have satisfied the 
biocompatibility testing requirements. This is applicable to either measured or theoretical leachables 
(see ISO 14971). 

 
The application of this concept to leachables from medical devices presents several challenges. These 
challenges are common to many risk-assessment procedures and as thus may be addressed by the inclusion of 
appropriate uncertainty factors as described in ISO 10993-17. First, most TTC values have been derived for 
food and cosmetic products that have no therapeutic benefit to the patients. Because medical devices typically 
provide a therapeutic benefit this should be considered when determining acceptable risk. Second, most TTC 
values are based on oral toxicity studies and adjustments for other exposure routes are frequently needed. 
Because many medical devices involve parenteral exposure, inter-route extrapolation must be account for 
(Kroes, et al, 2005). For example, oral TTC values have been shown to be appropriate for inhalation and dermal 
routes (Ball, et al., 2007; Blackburn, et al., 2005). Third, most TTC values are based on continuous lifetime 
exposure to chemicals. Because a conservative approach is used when assessing chronic chemical exposure, the 
relevant TTC value should also be adjusted for exposure duration. When a limited contact medical device or an 
absorbable biomaterial is being evaluated, the exposure time is finite, so it is necessary to adjust the total doe to 



a daily dose. Once the appropriate threshold has been calculated, it is essential that an appropriately qualified 
individual considers the application of the TTC concept in context of the medical device application.  
 
Need to obtain original files for Table 1: Proposed Default Threshold of Toxicological Concern Values* - Cross 
reference between contact categories as identified by ISO 10993-1 and draft ICH M7. 
 
*Please refer to ICH M7 (for explanation note 7, figure 1) 
** Excludes chemicals, which are addressed with a specific tolerable intake limit. This refers to a cumulative 
limit for multiple chemicals to which the patient is exposed within one day. 
 
Presentation 
 
In the context of the new ideas and methods proposed to shift medical device testing in vitro, a question that 
keeps re-surfacing is how to calibrate the dose-response relationship in new model system for humans, and in 
the traditional animal models. The Threshold of Toxicological Concern (TTC), a statistical method for taking a 
large number of NOAEL-observed effect levels and calculating what is a reasonable dose of a non-toxic 
chemical, is one approach. It offers a way to calculate acceptable levels in just about any endpoint. 
 
To see how the field could make more use of this tool, we start by exploring current risk assessment structures 
for medical devices based on analytical characterization, thinking through approaches to demonstrate the safety 
of a medical device using risk assessment principles and relying heavily on analytical chemistry. A draft 
standard – ISO TC194 – is available that addresses some of these questions. Then, to consider practical 
applications of the TCC approach for compounds released from devices, a hypothetical situation was mocked 
up for this symposium, to understand how TTC can be applied to real-life situations. Additionally, several 
Structure-Activity Relationship (SAR) software packages are compared and contrasted for their applicability to 
these situations. None of them are specifically for medical devices, but a list of compounds most relevant for 
medical devices may prove useful for medical device specialists interested in the TTC approach. 
 
Risk Assessment of medical devices based on analytical characterization 
ISO 10993-Part 1 Evaluation & testing within a risk management process 
This paragraph, taken from the ISO standard, illustrates how important in vitro and chemical tests are to the 
thought process of ISO 10993: 
 
“The role of this part of ISO 10993 is to serve as a framework in which to plan a biological evaluation which, as 
scientific knowledge advances our understanding of the basic mechanisms of tissue responses, minimizes the 
number and exposure of test animals by giving preference to chemical constituent (analytical chemistry) testing 
and in vitro models, in situations where these methods yield equally relevant information to that obtained from 
in vivo models.” Within the first couple of pages, its clearly written in black and white that we should be 
thinking about and giving preference to in vitro and chemical testing. 
 
The American National Standard ISO-10993-1 flow chart describes the ISO-10993 risk management process. 
Upon determining whether a device has patient contact, the chart asks a series of questions to help us 
understand if all of the materials in a given medical device are the same as materials we know are safe; if yes, 
that completes the biological evaluation. Another series of questions explores which chemicals are leachable 
from the plastics, polymers, or ceramics in the device. If none are deemed toxic, a biological evaluation can be 
completed without any animal testing. 
 
Another flow chart, FDA-CDRH – “Use of International Standards ISO-10993,” from the FDA, came out in 
2013 presents the same principles, just presented a little differently. It asks whether the device contacts the 
patient directly or indirectly, whether or not the materials are the same as those in a market device, and whether 
or not the manufacturing processes the same. The true question is, do we have the same chemical composition? 



It’s a simple question, but the devil is in the details. How do we prove that we have looked hard enough, with 
enough technical rigor to prove the chemical compositions are the same? 
 
The ISO 10993-17: Methods for the establishment of allowable limits for leachable substances chart focuses on 
local irritation, as well as cancer effects, and overall systemic toxicity effects of a device. The series of 
standards also gives us guidance on how we can look at a particular chemical leachable, and decide whether the 
concentrations are acceptable or not. 
 
Background on TTC 
In a 2004 paper, Andrew Renwick described TTC and its utility: “The Threshold of Toxicological Concern is 
used where there are limited or no data on the compound, but the human exposure is so low that undertaking 
toxicity studies is not warranted.” This is an extension of a very familiar principle of toxicology: The dose 
makes the poison. For every potential endpoint, at some point the product is safe above, not safe below. The 
concept is that there is a value, below which the level of a chemical should not be a concern. Therefore, there 
should be a way to measure it analytically, rather than biologically. A hypothetical experiment helps to answer 
this question. 
 
How are TTC values calculated?  
To provide an example, a set of 10 relevant chemicals, A-J, was selected for the experiment. They were first 
classified by NOAELs (no-observed-adverse-effect-levels), and then placed in order from most to least toxic, 
using open literature sources. 
 

                      
 
Then, the chemicals were fit to a distribution curve: 

 
 
 
With this data it is possible to calculate, using statistical methods, where the 50th percentile lands on that curve, 
20th, etc. If we calculate the 5th percentile, we can say with 95% confidence that if we limit all leachable 
chemicals to below that concentration, that we should be sufficiently protected against the chemicals in that 



class. This concept is well accepted in a number of different disciplines. One of the first guidance documents 
officially released, the European Medicines Agency (EMEA), provided guidelines on the limits of genotoxic 
impurities in 2006. FDA published a draft guideline on genotoxic and carcinogenic impurities in 2008. Most 
recently, in 2013, ICH published a draft guideline ICH – M7. All three of them focused on a TTC of 1.5µg/per 
person/per day. That number is core to just about every discussion about TTC; it is well accepted nationally and 
internationally and by many different scientific disciplines. 
 
ICH – M7: Less than lifetime exposure  
To establish appropriate dosing levels to measure exposure to medical devices, it is important to keep in mind 
that a patient will not usually be exposed to that medical device every day for the rest of their life. That standard 
TTC of 1.5µg/per person/per day described above assumes that the exposure is an environmental exposure to 
that chemical, and that patient will be exposed to that chemical every day for their life at an estimated 70 years.  
 
The formula used to calculate acceptable limit of a mutagenic compound every day for your lifetime arrives at 
70 years = 25,000 days. For exposures that are less than lifetime exposures, the formula is scaled back to show, 
for example, one month, one year, ten years with exposure — corresponding to the risk of cancer. The ICH 
2013 proposal suggests having staged thresholds for less than lifetime exposure. Rather than sticking to this 
calculated value; the ICH guidelines propose a step form that is a little bit more conservative than the calculated 
value.  
 

 

 
From ICH Draft Guidance, February 2013 
 
We’ve talked a lot about the 1.5µg/per person/per day threshold for lifetime exposure; 10 µg/per day up to 10 
years, 20 µg/daily exposure up to 1 year; 120 µg/per day/per person for short-term exposures less than one 
month.  
 
The guidance document also takes the next step to address total impurities. This first table describes acceptable 
levels for any one particular chemical: 



  
From ICH Draft Guidance, February 2013 
 
While this second table talks about mixtures of chemicals: 

 
From ICH Draft Guidance, February 2013 
 
When we extract a medical device, we are not dealing with just one particular leachable, but rather a whole list, 
because medical devices are mixtures. The ICH guidance document addresses that by providing limits both for 
individual chemicals, as well as the summation of all the chemicals. For less than one month of exposure, ICH 
allows up to 120 µg; up to a year, 60 µg, and so on. 
 
Draft Standard: ISO/TC 194/Working Group-11 
Within the ISO/TC 194 working groups, a 2010 draft, “Biological evaluation of medical devices – Application 
of the threshold of toxicological concern (TTC) for assessing biocompatibility of leachable substances from 
medical devices” has been circulated for some time now. The group will meet in Spring 2014, and this guidance 
document will hopefully be advanced from a working draft to a draft international standard. Its intention is to be 
as consistent as possible to the drug standards articulated in the ICH document, thus harmonizing medical 
devices and drug standards.   
 
The ISO/TC 194 working group adapted the ICH guidance numbers a little bit to fit the contact categories that 
are familiar in the medical device arena. With medical devices, numbers like 24 hours of contact, 1-30 days of 
contact, or >30 days of contact fit a bit better than the ICH document, which uses a scale less than a month, up 
to a year, up to a lifetime, etc. So we’re cross-referencing those two different scales for the timeline in the draft 
ISO TC doc. 
 
Practical application of the TTC approach for compounds released from devices 
In the hypothetical experiment using the TTC in the medical device area, the scenario envisions a supplier of a 
medical device component (made of pure polypropylene) that just went out of business, and supplier B is being 
considered as an alternative. 
 
After first evaluating the questions on the FDA guidance document flow chart, we confirm that the device will 
involve direct patient contact, placed directly into an open wound. The material is thought to be the same, but 
there is some room for doubt. They have the same chemical composition (polypropylene) up to 95%, but there 
is uncertainty within the remaining 5% that the supplier will not disclose. 
 
At that point, many would compare the new to the old material using exhaustive extractions under exaggerated 
conditions, and then perform a qualitative/quantitative analysis, reporting all new leachables and sorting by 
concentration. Depending on what concentrations they need to look for, and how hard you want to look, the 



project could take more or less time. The table of TTC values can serve as a benchmark for how rigorous the 
chemical analysis should be.  
 
For this hypothetical example, 656 leachables relevant to medical plastics, listed in the textbook by Dennis 
Jenke, Contact Materials: Safety Assessments of Extractables and Leachables for Pharmaceutical Products, 
were put into a spreadsheet. A random generator was then used to pick 15 (see table below). The random 
sampling almost delivered an ideal positive and negative control, including a known carcinogen, and two 
chemicals generally recognized as safe from the FDA GRAS (generally recognized as safe) list.  
 

 
 
Comparison of SAR packages 
 
The next step is to collect known chemical information about each of these chemicals, with assistance from 
software packages. For this experiment, benzene was first plugged into CHEM ID plus to collect information 
and a Simplified Molecular Input Line Entry System™ (SMILES™) code, which offers a convenient way to cut 
and paste structure from one software package to the next.  
 
The first SAR package tested, DEREK, is commonly used by toxicologists. There is an access fee. After cutting 
and pasting the SMILES™ code, DEREK did hit an alert for benzene for carcinogenicity. 
 
Another SAR package, Tox Tree, is a free package that offers several modules, including the simple Cramer 
Classification. It reported that benzene is a Class III high-risk chemical. 
 
Another free SAR package, QSAR Toolbox, offers a number of modules you can download. In this case, it did 
not alert for carcinogenicity. It did alert for eye irritation. However, this was a little bit of a miss for our positive 
control; we know that benzene is a carcinogen, and it failed to alert. 
 
The table below displays 15 chemicals and the SAR packages tested. The alerts hit with the different packages 
are highlighted in yellow. 

CAS#% Common%Name% IARC%Class% GRAS%

7134332% Benzene%
Group%1:%Carcinogenic%
to%humans%% no%

12339535% N3butyl%stearate%% na% no%

11238031% 930ctadecanoic%acid%% na% yes%

11134636%% Diethylene%glycol%% na% no%

62839737% Ethyl%palmitate% na% no%

10636833% 330ctanone% na% no%

389230030% 2,6,103Trimethylpentadecane%% na% no%

14137937%% 33Methyl343methylene3hexane323one% na% no%

7930934% Propionic%acid%% na% yes%

11738137% Di3(23ethylhexyl)%phthalate%%

Group%2B:%Possibly%
carcinogenic%to%
humans%% no%

58933838% 33Hexanone% na% no%

63836735% Tricosane%% na% no%

156539432% Bisphenol%A%glycerolate%dimethacrylate%% na% no%

558133238% Bisphenol%A%bis(2,33dihydroxypropyl)ether% na% no%

63833638% 2,6,10,143Tetramethylhexadecane%% na% no%



 
 
The results showed that DEREK, for almost every compound, accurately picked out toxicological alerts we 
should consider in our risk assessment. DEREK and Tox Tree both aligned well with each other, and did a good 
job picking out the chemicals that need additional consideration. 
 
Another SAR package shown is SARAH, made by the same organization as DEREK. Its claim to fame is that it 
gives a numerical value, a probability of carcinogenicity — but it was wrong regarding benzene, reporting that 
it was 100 percent confident that it was not a carcinogen. When asked about these results, the company 
explained that they only consider Ames data. Benzene has been tested many times in the Ames assay and it is 
always negative – but for a risk management tool, we want to be a bit broader in leveraging these alerts. 
 
Moving on into eye irritation and skin sensitization models, most of these modules either predict that everything 
or nothing is irritating, likely reflecting the difficulty of assessing irritation with a SAR model. It entails taking a 
phenomenon that is implicitly dose dependent, and trying to fit it in a positive/negative, black or white box. 
 
In conclusion, for the performances of the SAR packages in the hypothetical experiment, only DEREK and Tox 
Tree Cramer model flagged a known human carcinogen. For the GRAS compounds, the QSAR toolbox 
predicted they were mutagenic, over-predicting the accepted negative controls in the example. For the second 
GRAS, all of the SAR packages predicted they were carcinogenic – so all of these packages are tuned to be 
more sensitive, and pick out as many risk as possible. 
 
The skin irritation models were not very discriminating; 12 out of 15 of the chemicals were considered positive. 
QSAR Toolbox – tended to be all positive or all negative, and the Derek and Tox Tree models tended to have 
similar results. 
 
Under 10993-17, appropriate next steps would be individual risk assessments for each of these chemicals. In the 
example of benzene we have a cancer slope factor that is known in the literature, so we would characterize the 
dose the patient is exposed to, and we’d calculate the patient risk, and then write up a judgment on whether or 
not it is acceptable. The final decision could depend on the purpose of the device, as well. For example, if it is a 
lifesaving device, that influences whether or not the risk is acceptable. 
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71M43M2$
Carcinogenic

ity$ 100$ III$ no$ nega>ve$ no$ no$ no$ no$ no$ no$
123M95M5$ none$ 99$ I$ no$ nega>ve$ no$ no$ no$ no$ yes$ no$
112M80M1$ none$ 100$ I$ no$ nega>ve$ no$ no$ no$ no$ yes$ no$

111M46M6$$

Bone$
Marrow$Tox,$
Nephrotoxici

ty$ 100$ I$ no$ nega>ve$ yes$ no$ no$ no$ yes$ no$
628M97M7$ none$ 99$ I$ no$ nega>ve$ no$ no$ no$ no$ yes$ no$
106M68M3$ none$ 77$ II$ no$ nega>ve$ no$ no$ no$ no$ no$ no$
3892M00M0$ alpha$2$glob$ 38$ I$ no$ nega>ve$ no$ no$ no$ no$ no$ no$

141M79M7$$
chromosoma
l$damage$ 1$ I$ yes$

genotoxic$
Carcinogen$ yes$ yes$ no$ yes$ yes$ yes$

79M09M4$

Carcinogenic
ity,$GI$

Irrita>on$ 100$ I$ no$

nonM
genotoxic$
Carcinogen$ no$ no$ no$ no$ yes$ no$

117M81M7$

Teratogenicit
y,$tes>culat$
toxicity$ 100$ I$ no$

nonM
genotoxic$
Carcinogen$ yes$ yes$ no$ no$ yes$ no$

589M38M8$ none$ 77$ I$ no$ nega>ve$ no$ no$ no$ no$ no$ no$
638M67M5$ none$ 97$ I$ no$ nega>ve$ no$ no$ no$ no$ no$ no$

1565M94M2$

Chromosom
al$Damage,$

Eye$
irrita>on,$

Skin$
Irrita>on,$

Sensi>za>on$ 100$ III$ no$ nega>ve$ yes$ no$ no$ no$ yes$ yes$

5581M32M8$
Nephrotoxici

ty$ 100$ III$ no$ nega>ve$ yes$ no$ no$ no$ yes$ no$
638M36M8$ alpha$2$glob$ 38$ I$ no$ nega>ve$ no$ no$ no$ no$ no$ no$



In conclusion, chemical characterization is a useful tool for a risk assessment of medical devices, and the ICH 
M7 TTC values are the most current and widely accepted values. 
ISO TC 194 has drafted an international standard describing this process, which may be approved as early as 
spring 2014. Finally, in terms of SAR packages,  
DEREK and Tox Tree-Cramer Class seem to be the most useful evaluating medical devices. 
 
Discussion 
 
Chemistry v. other testing to determine toxicity of contaminants 
Theoretically – if you have the TTC and your device, and if your device weighs 100 grams, for example (that’s 
what’s being dosed for the patient), you can take your TTC value, multiply by total weight of device, and 
calculate a concentration of chemical in that device … and say so long as the chemical is below this value, it 
doesn’t matter what it is, it’s below the threshold of toxicological concern so from that empirical information, 
with chemical data you could draw that conclusion. 
 
Sequence of the evaluation and CAS numbers 
If you have identified compounds available you might go to the literature first, not QSAR, because the literature 
might provide sufficient NOAEL or LOAEL data. Also, in reality, when you’re identifying chemicals in a 
device, sometimes you can’t assign a CAS number, you can only assign a substance class.  
 
While Hutchinson’s hypothetical example had to start off with CAS numbers, in a real-world situation you 
would tend to have unknown chemicals that the chemists would pull out. The first step is to go to ChemID, look 
for that exact structure. If you cannot find the exact, another nice function offered by ChemID is a similarity 
search, which could give you a surrogate that might be 97% similar, 82% similar, etc. Then you can continue 
your risk assessment using a surrogate chemical. 
 
In general, though, manufacturers will provide a long list of chemicals from manufacturers. The chemists are 
going to come back: how far down the list do you want me to investigate? That’s where the TTC value really 
comes in handy. We have a list, know which are the most prominent peaks, and which ones are present at much 
lower concentrations. We can then offer advice on where to draw the line based on logic, data, below which we 
have evidence there is no reason to be concerned.  
 
GRAS compound and route of exposure 
Given that all models over-predicted toxicity for GRAS compounds, is there something in these models to 
compensate, or to segregate, or remove other routes of exposure to obtain more accurate results. The TTC 
values are generally associated with oral exposure, but how they are calculated using the most sensitive species, 
routes, and endpoints. The cover all routes of exposure, and the numbers are sufficiently protective to cover 
inhalation, injection, oral, everything. The ICH guidance does not limit those TTC values to any particular route 
(oral, dermal, injection, inhalation). In the case of the over-predictions on the GRAS compounds, the numbers 
are very conservative, with many safety factors built in. There is a route-route extrapolation, as raised in several 
literature articles that talk about different endpoints and different routes of exposure in the calculations, to 
demonstrate that they are protective. 
 
Systemic v. local effects 
Finally, this process deals with systemic effects; local effects call for a different approach. That brings up 
another point; the guidance document is very clear that this methodology needs to be applied by qualified, 
skilled toxicologist who will consider whether this methodology is appropriate, consider all the relevant 
endpoints and routes of exposure, and prepares a risk assessment that logically goes through all data and argues 
why the decision is appropriate.  
	  


