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This meeting was convened on May 9, 2003, by the National Cancer Institute and held at the Crystal City Marriott Hotel (Arlington, VA), to: a) examine models of how chemotherapy agents are currently dosed in infants and young children, and b) discuss models of more effective dosing in infants and young children.  Various members of the NCI, COG, and pediatric oncology community were invited to participate.

Opening Remarks – Barry D. Anderson, M.D.

During the past year there was a concerning frequency of significant toxicity noted in young children in a pediatric trial. In discussions with Disease Committee members to determine the possible cause of the toxicity, it was noticed that the protocol’s chemotherapy dosing approach designated for infants and young children led to a considerable range in potential drug exposure for some drugs commonly used in pediatric oncology.  Review of the chemotherapy dosing approach for these agents in other protocols indicated that different Disease Committees have adopted individual approaches to drug dosing for this age group, but the etiology and effect of each committee’s approach was unclear.  CTEP worked with Drs. Adamson and Stewart to organize this meeting to begin a discussion of chemotherapy drug dosing in infants and young children.

During the development of this meeting, the speakers were told that the target audience would be pediatric oncologists, not pharmacologists.  The desired message from this meeting, to be expressed to COG members at large, is that pharmacology should play an important role in pediatric clinical trials.

As few COG Disease Committee members have pharmacology training, there is little information for them to draw on as chemotherapy-dosing decisions are made in the creation of treatment regimens. However, the “rule of 30” appears to be a pharmacology concept that all pediatric oncologists have encountered.  It allows the conversion of a BSA drug dose from mg/m2 to mg/kg.  But there are questions as to when the “rule of 30” should be applied and when drug dosing modifications are actually needed.  Depending on individual Disease Committees, the “rule of 30” is applied for children <12 months, children <3 years, or by weight (<10 kg, <12 kg, <30 kg).  At times for children <12 months of age the decision is made to further decrease dosing of chemotherapy agents by 50%, until the child reaches 12 months of age.  The effect of these dosing approaches is to dramatically alter the dose of a chemotherapy agent given to infants and young children treated on the same protocol; and the administered dose can change drastically as a child crosses an age or weight boundary during a multiple course chemotherapy regimen.

Participants are here to discuss the appropriateness of these dosing parameters, to discuss whether the parameters make universal sense, and to discuss whether or not these parameters might affect anti-tumor activity of the therapeutic regimens or the toxicity of the regimens.  Could more rational dosing parameters lead to better anti-tumor activity or a better toxicity profile for commonly used chemotherapy agents in the future?

Anderson – Opening Remarks
Introduction – Peter C. Adamson, M.D.

Dr. Adamson

There is a good sense of the goings-on in cancer dosing in newborns, infants, and young children, and the dosing recommendations appear intuitive to oncologists, but actually they have very little logic associated with them.  For most agents, there is essentially no pharmacologic data, but there are principles of pharmacology that can be learned from, using not just cancer drugs but other drugs in the pediatric population.  There can be rational application of these principles as a starting point.

· Morning discussion – A review of these principles and how they can be applied

· Afternoon discussion – How to answer these questions using the technology at hand

Morning Sessions

Session I: Impact of Developmental Changes on Drug Disposition in Infants and Young Children

Developmental Changes in Drug Absorption – Ralph E. Kauffman, M.D., Children’s Mercy Hospital
Developmental Changes in Drug Metabolism – J. Steven Leeder, Pharm.D., Ph.D., Children’s Mercy Hospital
Developmental Changes in Drug Distribution – Jeffrey L. Blumer, M.D., Ph.D., Rainbow Babies and Children’s Hospital
Developmental Changes in Renal Elimination – Gareth Veal, M.D., UKCCSG, University of Newcastle upon Tyne
Session II: Pharmacokinetics of Oncology Drugs in Infants and Young Children

Vincristine – William R. Crom, Pharm.D., F.C.C.P., AMGEN
Anthracyclines – Stacey Berg, M.D., Texas Children’s Hospital
Camptothecins – Clinton F. Stewart, Pharm.D., St. Jude’s Children’s Research Hospital
Session III: Normalization of Drug Dosing in Infants and Young Children: Body Surface Area and Weight

Theoretical and Experimental Basis for Normalization of Drug Doses – Frank Balis, M.D., Pediatric Oncology Branch, NCI


Roundtable Discussion on Recommendations for Changes to Current Dosing Approach – Leader: Susan Blaney, M.D. Texas Children’s Hospital

· What modifications should be made based on current knowledge?

· How would modifications be implemented in clinical trials?

· How could modifications to dosing affect clinical treatment results and toxicity?

There has been a surprising amount of progress in the treatment of pediatric cancers considering the little understanding that is had of the pharmacokinetics for the drugs that are used in treating children.  Historically, the dosing levels have been based on acceptable toxicities and not on targeting tumor or serum drug levels.  The morning discussions raised many challenges to gaining insight into drug pharmacokinetics, given the limited patient numbers that are available.  Even though there are comprehensive phase 1 studies with pharmacokinetic data, the median patient age of children accrued to these studies is 11 or 12 years.  Very few patients are under age 3 or 4 years.  Perhaps pharmacokinetic studies need to continue into phase 2, where a wider age range of patients is encountered.

Other confounding factors include developmental changes in organ function and developmental changes in ontogeny, polymorphism, and drug metabolism, as well as pharmacogenetic differences in drug disposition.  One example is 6-MP.  Many institutions that treat leukemia patients with 6-MP do not assay for thiopurine methyltransferase (TPMT) deficiency before starting treatment.  There are no dose modifications provided for this situation in protocols where such TPMT-deficient patients may be treated.  It is also important to remember that the dose of chemotherapy that is recommend for the first- dose or course may not be static since the agents themselves may cause organ toxicity resulting in a need for subsequent dose modification.  

There are many challenges brought forth, and the issue is to discuss what kind of dosage modifications, if any, can be recommended for ongoing protocols.  If there were to be changes made based on this morning’s discussions, what would their impact be on clinical trial design?  Can there be uniform dosage recommendations based on age, or does the whole treatment regimen and concomitant agents used need to be looked at?  An example is vincristine, which is often used with steroids.  The other drugs in a regimen have to be examined as well.

Q. It is surprising that there are no measures of drug exposures in protocols.  Children are receiving highly toxic drugs with limited success expectations, and treatment dosing should be done as safely as possible.  Dose is being used as a marker for drug exposure, but drug dose is not a direct predictor of drug exposure.  Drug exposure appears to be a better marker.

A. This is true, but it is not known what drug exposure means to targets, i.e., the cancer cells.  The hope is for optimal drug exposure within the most acceptable toxicity; however, it is not known what these optimal drug exposures are.

A. The relationship between drug exposure and drug effect has been looked at, but discovery of an appropriate therapeutic range for the majority of agents is still needed.

A. Single agents are rarely used.  Multiple agents with overlapping toxicities and anti-tumor efficacies are used, so drug exposure alone would not be a good marker of drug effect.

A. Another big problem is those children that are being undertreated due to the therapeutic range of the drug dosing used.

A. It has been shown earlier today that when the child reaches an arbitrary weight/age, then all of a sudden the child receives a higher dose and presumably higher drug exposure, which may be a 100% increase from their earlier exposure.

A. One of the things known from phase 1 studies is that drug dose and drug exposure are actually not that closely related.  There may be so much variability in this relationship that a small change or a big change in drug dose may have no real impact on drug exposure.  Drug dose is only an early step in determining the right therapy for a patient.

Q. But if drug dosing does not work on one end, and neither does drug exposure on the other, then what is left?

A. It may depend on the individual patient.

A. Perhaps patient groups could be broken up along a nomogram in which they can be assigned dose based on weight or BSA.

Q. The fundamental problem is still the huge jump at arbitrary levels, which seems illogical.  But why not use a non-linear algorithm?

A. People have done that using ratios.

A. Others have used steps in dosing.

Q. Are there generic questions that can be asked to solve functional problems that can be applied across drugs, or does each specific drug need to be looked at?

A. It is believed that this afternoon’ discussion will develop a wealth of potential studies.  Right now there is operation without data.  Are there now at least principles to apply to the dosing situation, and should they be applied?  There are these large incremental steps in drug dosing at arbitrary points, and where the jump occurs is dependent on the protocol and its Disease Committee.  One issue that has not been mentioned, but is a concern, is medical error.  When there are different dosing approaches to the same drug, most certainly there will be problems.  But everything done in the next year will be done in the absence of data.

Q. Drug dosing still seems to be done in an abstract manner.  Investigators need to be cognizant of drug efficacy and toxicity, but in certain cases, this evaluation has to be done retrospectively.  There is a lot of data from acute lymphoblastic leukemia cases. The doses used could be analyzed and the drug interactions modeled to establish which dosing parameters were important.  Why not look at the available data from past protocols instead of just looking ahead?

A. The Wilms Tumor studies have shown that this approach works (NWTSG-2) in regards to toxicity.  Toxicity was the basis of dose-reduction after past studies.  Toxicity subsequently decreased with the dose-reduction, and outcome stayed the same.  It may not be scientifically appealing, but it worked.  On the other side are the rhabdoid tumor patients, where dose reductions and outcome stabilization are not compatible.

A. The question is, IS there a problem?  If the Disease Committee chairs do not feel that there is a problem, so be it.  But if there is, the older data can be returned to and examined.

A. There are certain patient subsets in each Disease Committee where the patients do well in regards to outcome, and the dosing is tolerated well.  There are also patient subsets where the patients are not doing well and where doses keep increasing or agents are added in an effort to see if dose intensification makes a difference.

Q. If past studies are reviewed, and not just for grade 4 toxicities, but grades 2 and 3, are investigated, is there drug dosing-related toxicity that can be avoided?  Maybe within some subgroups?

A. In the Wilms tumor example, this was a dose-reduction study to begin with.

Q. Going back to an earlier question…within each disease group, is there a way to avoid the jumps in drug dosing that occur at seemingly arbitrary boundaries like patient age?

Q. Audiotoxicity is underreported due to cisplatin, because a lot of the CRAs don’t read the audiograms right.

Q. The critical question is whether there are data available on how dosing should be done according to age, weight, etc…but how is toxicity data gleaned?  If there are 5 ways of giving vincristine, there will be five ways to make an error.  A new way of dosing across protocols may help in interpreting drug exposure and toxicity data.

Q. It seems that in some tumors there has been great success in the use of particular common chemotherapy drugs.  Would this data be helpful in trying to figure out WHY these approaches worked?  And implicit in some of the discussions is a sense that there is a linear relationship between dose and tumor toxicity, or anti-tumor effect.  Maybe the push to maximal tolerated dose (MTD) has obscured an optimal dose for efficacy.

A. This may be disease-specific, like in certain leukemias.

A. The goal of avoiding these large changes is good, but the unfortunate thing is that some of the toxicity data that is already available is needed.  As long as patient risk is kept low, additional data can be gleaned and there can be forward movement.  It may also be helpful to have patients consent to DNA samples along with tumor samples.  As time goes on, it may be helpful to have that retrospective data.

A. That is very important.  And meeting participants need to go back to Disease Committees and discuss how some dosing regimens have been derived historically.

A. The Disease Committees, as they develop their next studies, need to look at them and try to figure out “why are we using this approach?”

A. In CTEP as protocols are reviewed, it has been noticed that the same combinations of drugs are being dosed using different dosing mechanisms.  Maybe some pharmacology input is needed in CTEP and COG for regimen development.

Afternoon Sessions

Session I: Future Dosing of Chemotherapy Agents in Infants and Young Children

· Review of pharmacokinetic data of common anti-cancer agents for infants and young children

Session II: Research Methods for Cancer Pharmacology in Infants and Young Children
Population Modeling in Infants/Young Children – Mark Mirochnick, M.D., Pediatric AIDS Clinical Trial Group, Boston University
Limited Sampling Methods in Pediatric Oncology – Clinton F. Stewart, Pharm.D., St. Jude Children’s Research Hospital
Pharmacogenetic Approaches to Dosing – Jeannine McCune, Pharm.D., University of Washington
· Which current agents require additional investigation?

· What sampling approaches can be applied within the context of phase 3 treatment trials in the COG?

· What pharmacology research should be planned when incorporating future agents and molecularly targeted drugs in pediatric cancer regimens?

· How will the future use of pharmacogenetics affect cancer pharmacology studies and patient drug dosing?

Issues/Questions

Which drugs are important enough to study in detail?

· Is there a good subset to study, and how? (suggestions: actinomycin-D, vincristine)

· What methodology should be used?

· What questions and outcomes are wanted?

Commitment to new agents

· What commitment is wanted to make to new drugs and when should it be made?  Can it be resolved?

Are there generic studies that can be done, that once and for all can resolve certain issues?

· Renal

· Drug metabolism-enzyme function

· Disease states, obesity states

Pharmacogenetics

· Pharmacogenetics are now being done in phase 1, 2, and 3 studies

· Phenotypes need to be investigated for pharmacogenetic variables

· Patient numbers = power

· Development of haplotypes make power issues more necessary

Q. What thoughts are there on PK-related outcome based on patients who do well, and those who do not?

A. Again, there are arbitrary rules across disease committees about changing dosing.  Another approach is to perhaps develop some organized approach to doing pharmacokinetics of agents in infants.

Q. If there is ever a new drug in pediatrics, is there a way to optimize bringing a new drug in to use in regimens?  If something is known about the regimen, and some pharmacokinetics are known about the regimen, then it can be known what is being exchanged, in terms of anti-tumor activity or toxicity, when a new drug is introduced to an existing treatment regimen.

Q. Most of the patients that go on phase 1 or 2 trials are 10-11 years old.  How is the new drug adapted for infants?

A. It is clear that there is a lack of knowledge of age and size-dependent effects on the disposition of drugs that have been used for 40 or more years.  This is most pronounced in the extremes (infants and young children and the obese/very large children).  Fortunately most pediatric patients fall between these extremes.

The sense from this meeting, and what would be offered to the Disease Committees, is that there is an opportunity to understand drug disposition in infants and young children and that understanding drug disposition is important in regards to developmental changes.  Agents requiring study, like actinomycin-D and vincristine, need to be identified, but perhaps if ONE agent can be studied and defined, it will set a paradigm for future agents.  Models such as the one Mark Mirochnick presented and perhaps plasma and metabolite profiles in urine need to be investigated.

Q. If there was a phase 1 trial starting tomorrow, should there be changes in how 1- and 2-year-olds are dosed?  What should be the standard approach, and how should it be decided on?

A. The answer, in all seriousness, is “carefully.”  There will never be large numbers of patients in phase 1; the answer will not lie there.  In phase 2 there will have to be empiric judgments.

A. Based on phase 1 studies in the older infants some exposure targets will be established and then some sampling and real-time analysis in order to safely treat those younger infants can be done.  If a population is identified without understanding the pharmacokinetics and a given dose exposure is not known…someone has to be first but it has to be done as safely as possible.  And it has to be recognized that the target may be fairly arbitrary – it may be greater than the 10th percentile in the older children for a particular exposure parameter, or it may be greater than some concentration that is considered reasonable…it is better to approach this issue in this way without blindly stumbling into it.

A. This needs to be considered on a case-by-case basis, after seeing the phase 1 studies.

Conclusion

A CD-ROM containing the meeting summary and PowerPoint presentations from the participants will be developed.  Once the summary is developed, action items will be established and there will be further discussion on topics mentioned today and related to today’s issues (i.e., changing the single-cut point drug dosing approach, looking at phase 3 studies, funding for studies, etc.).

It is hoped this meeting was helpful to those in the Disease Committees; it’s very complicated, but pharmacology should be thought about when developing regimens, and perhaps pharmacologists in the Development Therapeutics Group can be called upon for regimen development or to sort out difficulties as they arise with current regimens.

MEETING ADJOURNED
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