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Analysis of National Toxicology Program (NTP) study evaluating risk in rat lifetime 
exposure to GSM or CDMA RFR. 
 
Notes: 
 
The NTP study document acknowledges several study limitations [page 10, discussion 
section].  Potential limitations should prominently factor into considerations regarding 
the context of the findings, as well as their interpretation and application.  
 
Working list of limitations potentially impacting NTP study interpretations 

• Difficulty in achieving diagnostic consensus in lesions classifications of rare, 
unusual, and incompletely understood lesion association 
• Document appears to indicate that the second Pathology Working Group 
(PWG) empaneled to review and obtain lesion classification consensus, 
following the inability of the initial PWG to do so, may have reviewed different 
lesions sets 
• No record of clinical disease manifestations due to lesions involving heart and 
brain [note lesions in heart and brain are mutually exclusive; affected rats have 
either one or the other and do not appear to have the involvement of both 
organs together (appendix E)]  
• Lesions, including malignancies, do not appear to materially shorten lifespan, 
except for a subgroup of rats (less than 1/3 of affected rats) with malignant 
Schwannomas in heart 
• Lack of shortened lifespan as a consequence of malignancy for the majority of 
affected rats contrasts with shortened lifespan of male control rats for which 
there is absence of attributable cause of death.  The survival of the control 
group of male rats in the current study (28%) was relatively low compared to 
other recent NTP studies (avg 47%, range 24 to 72%). 

Creates greater reliance on statistical controlling for survival disparities 
and reliance on historical controls 

• Reliance on historical controls made up of rats of different genetic strain      
background, held under different environmental conditions 
• Absence of data on incidence of more frequently expected tumor occurrences 
in rats (background lesions) 

  
Documenting the nature of the brain and cardiac lesions observed in RFR exposed 
rats and placing them into test article exposure-related context, in contrast to potential 
for their occurring spontaneously, are important and challenging goals.   The NTP 
study limitations make the interpretation of reasonable risk more complicated.  NTP 
acknowledgements of study limitations appear factored into one of NTP’s reviewer’s 
study conclusion, i.e., findings represent “some evidence” for a test article effect in 
statistically significant trend for Schwannomas; an opinion which is coupled with a 
conclusion for “equivocal evidence” of an effect in relation to malignant gliomas of the 
brain [NTP Appendix F, Reviewer Comments].    
 
The summation from Appendix F reviewers regarding existence of test article effect is 
less than conclusive.  The NTP study documents a series of cytoproliferative changes 

75

. CC-BY 4.0 International licensepeer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not. http://dx.doi.org/10.1101/055699doi: bioRxiv preprint first posted online May. 26, 2016; 

http://dx.doi.org/10.1101/055699
http://creativecommons.org/licenses/by/4.0/


in heart and brain.  The nature of some of the changes is challenging diagnostically 
and appears to be incompletely understood.  These findings are presented in the 
absence of complete analysis of the entire consequences of the study effects.  For 
example, no potential significance for test article effect context is given to any of 
granular cell proliferative lesions of the brain, a finding mentioned only as a contrast to 
what was less well understood pathologically (NTP Appendix C, Pathology).  It is 
noteworthy that the lesion types analyzed in the NTP RFR study under review are 
uncommon historically in rats, in the organs discussed.  Furthermore, the malignancies 
of neuroglia appear to be paired with the occurrence of poorly understood changes 
involving neuroglial cell hyperplasias in the central and peripheral nervous systems.  
Little information can be gleaned from the literature about the nature and significance 
of these latter proliferative changes, interpreted by NTP as nonneoplastic and non-
inflammation-reactive neuroglial cell in nature.   Although unclear in the NTP study 
document, it is plausible that the particular lesion constellation, along with the relative 
novelty of some lesions, contributed to the lack of consensus regarding the nature of 
the lesions on the part of the initial PWG study pathologists.  Concern raised by one of 
the reviewers (Appendix F, Reviewer Comments) regarding how this difficulty in ability 
to classify lesions might impact comparisons to historical control lesion incidence data 
(NTP Table D) is certainly principled.   
 
The extraordinary PWG process, presumably posed by the difficult diagnostic 
interpretations, has the potential to influence the reliance on historical controls.  In this 
regard, study limitations concerning determination of whether or not there is a test 
article effect include the substantially poor survival of male rats in the control group.   
The survival of the control group of male rats in the study under review (28%) was 
relatively low compared to other recent NTP studies (avg 47%, range 24 to 72%).  This 
apparently led to greater statistical construction to account for the impact of study 
matched controls, and created increased reliance upon historical data of rare tumor 
incidences in control animals taken from other chronic carcinogenicity studies.  NTP 
acknowledges a limitation in using the historical incident data and a small study match 
control group due to poor survivability.  There are potential sources of variability when 
using historical controls of different rat strains and fluctuating study conditions 
(environment, vehicle, route of exposure, etc.), as is the case here.   It seems less 
than clear what appropriate background lesion incidence is, as NTP indicates some 
data involve other strains of rats.  The range of lesion incidence in historical controls 
could mean that the true incidence of some lesions varies considerably and might be 
considered rare or more common depending upon the incidence rate.   
 
The guidance manual on Statistical Aspects of the Design, Analysis and Interpretation 
of Chronic Rodent Carcinogenicity Studies of Pharmaceuticals by the FDA provided 
for this review discusses applying comparisons using historical control lesion 
incidences at some length [beginning page 27, line 996].  Considering lesions as being 
rare or more common appears to influence selection of the level of statistical 
significance for comparisons.  It appears that analysis for significant differences in 
tumor incidence between the control and the dose groups for these NTP studies has 
been established at the 0.05 level (NTP Tables 1,3,5).  Interpretations of trend tests 
may be influenced by the choice of decision rule applied.  Such choices can result in 
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about twice as large overall false positive error as that associated with control-high 
pairwise comparison tests [page 28, line 1012-1026].  The FDA guidance manual 
[page 31, line 1136] highlights concern regarding reliance upon historical control 
incidence data, stating that using historical control data in the interpretation of 
statistical test results is not very satisfactory because the range of historical control 
rates is usually too wide.  This is especially true in situations in which the historical 
tumor rates of most studies used are clustered together, but a few other studies give 
rates far away from the cluster. When the range of historical control data is simply 
calculated as the difference between the maximum and the minimum of the historical 
control rates, the range does not consider the shape of the distribution of the rates.  
These circumstances may impose some limitations on optimal risk assessment 
designs.   
 
Somewhat paradoxically then, NTP study limitations including that imposed due to 
reliance upon less than optimal historical control lesion incidence data for much of the 
comparisons between treated and untreated rats, is confronted by existence of a 
difficult to classify and incompletely understood lesion constellation interpreted to 
include neuroglial cell hyperplasia.  Notwithstanding, this confounding proliferative 
lesion occurring in the context along with malignancies of apparently similar 
histogeneses, sustains a level of concern for a rare injury mechanism related to test 
article effect.  Additional information about the study together with an assessment of 
the statistical analyses may enhance the value of this analysis.   
 
R. Mark Simpson, D.V.M., Ph.D. 
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Appendix G2: NTP’s Responses to NIH Reviewers
 Comments 
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NTP$Responses$to$Pathology$ReviewerƐΖ$Comments April&12,&2016$

Reviewers:&R.&Mark&Simpson,&D.V.M.,&Ph.D.&and&Diana&Copeland&Haines,&D.V.M.&

Responses'Relating'to'the'Pathology'Review'Process'

Drafts&of&the&PWG&reports&are&provided.&&As&described&in&the&PWG&report,&the&specific&task&of&the&
first&PWG&(January&29th,&2016)&was&to:&1)&confirm&the&presence&of&glial&cell&hyperplasia&and&malignant&
gliomas&in&the&brain&and&Schwann&cell&hyperplasia&and&schwannomas&in&the&heart;&2)&develop&
specific&diagnostic&criteria&in&the&brain&for&distinguishing&glial&cell&hyperplasia&from&malignant&glioma&
and&gliosis,&and&in&the&heart&for&distinguishing&between&Schwann&cell&hyperplasia&and&schwannoma.&
The&PWG&participants&confirmed&the&malignant&gliomas&and&schwannomas,&but&the&criteria&for&
distinguishing&between&hyperplasia&and&neoplasia&differed&between&the&participants.&

In&order&to&clearly&establish&specific&diagnostic&criteria&for&the&differentiation&between&hyperplastic&
and&neoplastic&lesions&in&the&brain&and&heart,&two&additional&PWGs&were&convened.&The&participants&
for&the&second&(February&25,&2016)&and&third&(March&3,&2016)&PWGs&were&selected&based&on&their&
distinguished&expertise&in&the&fields&of&neuropathology&and&cardiovascular&pathology,&respectively.&&
Some&of&the&participants&were&leaders&in&the&International&Harmonization&of&Nomenclature&and&
Diagnostic&Criteria&initiative.&&The&neuropathology&experts&of&the&second&PWG&confirmed&the&
malignant&gliomas&in&the&brain,&established&diagnostic&criteria&for&glial&cell&hyperplasia,&and&agreed&
that&the&hyperplastic&lesions&are&within&a&continuum&leading&to&malignant&glioma.&&The&
cardiovascular&pathology&experts&of&the&third&PWG&established&specific&diagnostic&criteria&for&
Schwann&cell&hyperplasia&and&schwannoma&in&the&endocardium&and&myocardium,&and&reviewed&and&
confirmed&all&cases&of&Schwann&cell&hyperplasia&and&schwannoma&observed&in&these&studies.&&The&
outcome&of&the&PWG&provided&a&very&high&degree&of&confidence&in&the&diagnoses.&&

The&participants&of&the&first&PWG&(January&29th,&2016)&only&reviewed&a&subset&of&the&glial&lesions&that&
were&observed&in&the&studies.&&The&review&for&the&second&PWG&(February&25,&2016)&included&all&glial&
lesions&in&the&studies&including&the&subset&that&was&reviewed&in&the&first&PWG.&

Responses'Relating'to'Considerations'of'Historical'Control'Data'

For&NTP&toxicology&and&carcinogenicity&studies,&the&concurrent&controls&are&always&the&primary&
comparison&group.&However,&historical&control&information&is&useful&particularly&in&instances&when&
there&is&differential&survival&between&controls&and&exposed&groups,&as&was&observed&in&the&RFR&
studies.&Rates&for&glial&cell&neoplasms&and&heart&schwannomas&from&control&groups&of&male&Harlan&
Sprague&Dawley&rats&from&other&recently&completed&NTP&studies&are&presented&in&Appendix&D&of&the&
3W16W2016&draft&report.&While&Harlan&Sprague&Dawley&rats&are&an&outbred&strain,&they&are&considered&
a&single&genetic&strain&in&the&same&sense&as&other&outbred&strains,&such&as&the&LongWEvans&or&Wistar&
rat.&&Therefore,&these&historical&control&tumor&rates&are&applicable&to&this&study.&However,&it’s&
important&to&note&that&the&studies&listed&in&Appendix&D&were&carried&out&at&laboratories&other&than&
the&RFR&studies,&and&under&different&housing&and&environmental&conditions.&At&the&time&of&the&3W16W
2016&draft&report,&not&all&of&these&studies&had&undergone&a&complete&pathology&peer&review.&In&the&
past&several&weeks&NTP&pathologists&have&reviewed&brain&and&heart&slides&from&these&male&rat&
control&groups,&and&have&confirmed,&with&few&exceptions,&the&low&rates&of&hyperplastic&and&
neoplastic&lesions&reported&in&Appendix&D,&applying&the&diagnostic&criteria&established&during&the&
PWGs&outlined&in&Appendix&C.&&&

79

. CC-BY 4.0 International licensepeer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not. http://dx.doi.org/10.1101/055699doi: bioRxiv preprint first posted online May. 26, 2016; 

http://dx.doi.org/10.1101/055699
http://creativecommons.org/licenses/by/4.0/


! 1!

NTP$Comments$on$Statistical$Issues$Raised$by$the$Reviewers! ! ! April!12,!2016!

Given&the&multiple&comparisons&inherent&in&this&kind&of&work,&there&is&a&high&risk&of&false&positive&
discoveries&(Michael&S.&Lauer).&

Although!the!NTP!conducts!statistical!tests!on!multiple!cancer!endpoints!in!any!given!study,!
numerous!authors!have!shown!that!the!study>wide!false!positive!rate!does!not!greatly!exceed!0.05!
(Fears!et!al.,!1977;!Haseman,!1983;!Office!of!Science!and!Technology!Policy,!1985;!Haseman,!1990;!
Haseman!and!Elwell,!1996;!Lin!and!Rahman,!1998;!Rahman!and!Lin,!2008;!Kissling!et!al.,!2014).!!One!
reason!for!this!is!that!NTP’s!carcinogenicity!decisions!are!not!based!solely!on!statistics!and!in!many!
instances!statistically!significant!findings!are!not!concluded!to!be!due!to!the!test!agent.!Many!factors!
go!into!this!determination!including!whether!there!were!pre>neoplastic!lesions,!whether!there!was!a!
dose>response!relationship,!biological!plausibility,!background!rates!and!variability!of!the!tumor,!etc.!!
Additionally,!with!rare!tumors!especially,!the!actual!false!positive!rate!of!each!individual!test!is!well!
below!0.05,!due!to!the!discrete!nature!of!the!data,!so!the!cumulative!false!positive!rate!from!many!
such!tests!is!less!than!a!person!would!expect!by!multiplying!0.05!by!the!number!of!tests!conducted!
(Fears!et!al.,!1977;!Haseman,!1983;!Kissling!et!al.,!2015).!

I’m&getting&slightly&different&values&for&polyAk&adjusted&denominators&(Michael&S.&Lauer).&

I&compared&polyAAA3&adjusted&number&from&Table&3&in&the&original&report& versus&the&polyAAA3&adjusted&
number&that&I&calculated&using&the&raw&data&from&the&excel&files.& Supplementary&Figure&S1&shows&that&
these&two&sets&of&numbers&agree&with&each&other&in&general.& This&is&in&contrast&to&the&comparison&for&polyA
AA6&adjusted& number&from&Table&1&in&the&original&report&versus&the&polyAAA6&adjusted&number&that&I&
calculated&using&the&raw&data&from&the&excel&files&(Supplementary&Figure&S2).& In& fact,&the&adjusted&rat&
numbers&from&Table&1&and&Table&3&of&the&original&report&look&quite&similar&(Supplementary&Figure&S3).&
This&suggests&that&the&polyAAA3&adjusted& number&was&used&in&the&footnotes&in&both&Table&1&and&Table&3&in&
the&original&report.&(Max&Lee)&
!
I&noted&that&in&Table&S2&the&adjusted&numbers&in&from.original.report&and&poly3&are&identical&at&Dose&0&
and&1.5&for&both&CDMA&and&GSM&as&well&as&at&Dose&3&for& GSM&but&differ&slightly&in&the&other&treatment&
doses&for&heart&schwannomas.& One& possible&cause&of&the&difference&is&that&the&version&of&the&raw&data&in&
the&excel&files& differs&from&that&used&to&generate&the&original&report.& The&second&possibility&is&typo&in&the&
footnote&in&Table&3.& I&also&generated&Table&S3&that&has&the&polyAAA6&adjusted& numbers&for&brain&gliomas.&
The&two&sets&of&the&polyAAA6&adjusted&numbers&are&very& different.&(Max&Lee)&
&
Information&could&be&included&regarding&the&software&or&programming&environment&used&for&the&
computations.&(Aleksandra&M.&Michalowski)&
!

The!adjusted!denominators!in!Table!1!of!the!original!report!were!labeled!as!poly>6!denominators,!
but!were!actually!poly>3!denominators.!!This!error!was!noted!and!brought!to!Dr!Tabak’s!attention!by!
Dr.!Bucher!in!a!March!22!email.!!

The!p>values!and!adjusted!denominators!calculated!by!NTP!are!correct,!except!as!noted!for!Table!1,!
and!were!calculated!using!validated!poly>k!software.!!This!software!is!coded!in!Java!and!is!
embedded!within!NTP’s!TDMSE!(Toxicology!Data!Management!System!Enterprise)!system.!!Poly>k!
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calculations!conducted!by!the!reviewers!in!R!may!vary!slightly!from!the!NTP’s!calculation!due!to!
selection!of!study!length!and!the!NTP’s!use!of!the!Bieler>Williams!variance!adjustment!and!a!
continuity!correction.!!In!his!calculations,!Dr.!Lauer!used!90!weeks!as!the!study!length,!whereas!the!
actual!study!length!was!104!weeks.!!It!is!not!apparent!from!the!R!documentation!that!the!Bieler>
Williams!adjustment!or!the!continuity!correction!is!incorporated!into!the!poly>3!calculations!in!R.!!In!
his!calculations,!Dr.!Lee!used!two>sided!p>values.!!In!NTP!statistical!tests!for!carcinogenicity,!the!
expectation!is!that!if!the!test!article!is!carcinogenic,!tumor!rates!should!increase!with!increasing!
exposure;!thus,!the!NTP!employs!one>sided!tests!and!p>values!are!one>sided.!Using!one>sided!p>
values!in!Dr.!Lee’s!Table!1,!the!GSM!trend!if!there!were!1!brain!glioma!in!the!control!group!remains!
nonsignificant,!but!the!CDMA!trend!approaches!0.05!(p!=!0.054)!if!there!were!1!brain!glioma!in!the!
control!group.!In!Dr.!Lee’s!Table!2,!the!one>sided!p>value!for!the!GSM!trend!if!there!were!1!heart!
schwannoma!in!the!control!group!approaches!0.05!(p!=!0.054)!and!the!one>sided!p>value!for!the!
CDMA!trend!in!heart!schwannomas!remains!significant!at!p!=!0.018!if!there!were!1!heart!
schwannoma!in!the!control!group.!In!Dr.!Lee’s!Table!3,!the!one>sided!p>value!for!the!CDMA!pairwise!
comparison!is!significant!at!p!=!0.049!if!there!were!1!heart!schwannoma!in!the!control!group.!

A&statement&of&the&required&statistical&significance&level&should&be&added.&&FDA&guidance&suggests&the&use&

of&significance&levels&of&0.025&and&0.005&for&tests&for&positive&trends&in&incidence&rates&of&rare&tumors&and&

common&tumors,&respectively;&for&testing&pairwise&differences&in&tumor&incidence&the&use&of&significance&

levels&of&0.05&and&0.01&is&recommended&for&rare&and&common&tumors,&respectively.&(Aleksandra&M.&

Michalowski)&

Although!the!FDA!guidance!suggests!lowering!the!significance!level!for!most!tests!of!trend!and!
pairwise!differences,!this!guidance!is!based!on!a!misunderstanding!of!findings!reported!by!Haseman!
(1983).!!In!this!paper,!Haseman!discusses!several!rules!proposed!by!others!for!setting!the!
significance!level!lower!than!0.05.!!If!these!rules!are!rigidly!followed,!Haseman!showed!that!study!
conclusions!will!be!consistent!with!the!NTP’s!more!complex!decision>making!process,!for!which!0.05!
is!the!nominal!significance!level!and!p>values!are!taken!into!consideration!along!with!other!factors!
(outlined!above!in!response!to!comment!1)!in!determining!whether!the!tumor!increase!is!
biologically!significant.!!The!NTP!does!not!strictly!adhere!to!a!specific!statistical!significance!level!in!
determining!whether!a!carcinogenic!effect!is!present.!

Appendix&tables&for&all&polyAk&tests&performed&could&be&added.&(Aleksandra&M.&Michalowski)&

Dr.!Michalowski!proposed!a!sample!table.!The!rows!corresponding!to!X,!N,!adjusted!n!are!already!
included!in!the!tables!or!appear!the!footnotes!in!the!tables.!!The!rows!corresponding!to!“Dunnett!
contrast”!and!“Williams!contrast”!are!not!appropriate!for!dichotomous!tumor!data.!!Both!Dunnett’s!
test!and!Williams’!test!assume!that!the!data!are!continuous!and!normally!distributed.!

In&the&portion&of&the&text&describing&polyAk&test&results,&pAvalues&are&given&for&significant&pairwise&

comparisons;&I&would&also&give&the&pAvalues&estimated&for&the&significant&trends.&(Aleksandra&M.&

Michalowski)&
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Indicators!of!significant!trends!are!given!in!the!tables!in!the!form!of!asterisks!next!to!control!group!
tumor!counts.!

There&are&a&couple&of&errors&in&the&footnote&of&Table&3&in&the&original&report.& 2/74.05&(5%)&should&be&
2/74.05&(2.7%).& 3/78.67&(4%)&should&be&3/78.67&(3.8%).&(Max&Lee)&
&

Thank!you!for!pointing!this!out.!!The!percentages!will!be!corrected!in!our!final!report.!
!
Were&control&rats&selected&in&utero&like&the&exposed&rats&were?&Were&pregnant&dams&assigned&to&
different&groups&by&formal&randomization?&How&were&the&3&pups&per&litter&chosen?&(Michael&S.&Lauer).&

I&believe&detailed&information&about&animal&selection&and&randomization&procedures&should&be&given&so&
that&the&potential&for&allocation&bias&could&be&judged.&(Aleksandra&M.&Michalowski)&

Pregnant!dams!were!assigned!to!groups,!including!the!control!group,!using!formal!randomization!
that!sought!to!also!equalize!mean!body!weights!across!groups.!!The!three!pups!per!sex!per!litter!
were!selected!using!formal!randomization,!as!well.!!Tumors!in!the!heart!and!brain!were!not!
observed!in!littermates,!indicating!that!there!was!no!litter>based!bias!in!the!results.!!!

Were&all&analyses&based&on&the&intentAtoAtreat&principle?&Were&there&any&crossovers?&Were&all&rats&
accounted&for&by&the&end&of&the&experiment&and&were&all&rats&who&started&in&the&experiment&included&in&
the&final&analyses?&(Michael&S.&Lauer)&

The!intent>to>treat!principle!is!not!relevant!to!this!animal!experiment,!in!which!all!animals!that!were!
assigned!to!a!treatment!group!received!the!full!and!equal!treatment!of!that!group.!There!were!no!
crossovers.!!All!animals!that!started!the!experiment!were!accounted!for!by!the!end!of!the!
experiment!and!included!in!the!final!analyses.!

The&PWG&review&blinding&was&not&complete.&(Michael&S.&Lauer)&

PWG!reviewers!were!blinded!to!the!identity!of!the!test!article!and!the!level!of!exposure!but!were!
not!blinded!to!the!fact!that!there!were!two!different,!yet!related,!test!articles!(modulations!of!cell!
phone!RFR),!to!emphasize!the!fact!that!there!was!a!common!control!group.!

Did&the&authors&perform&a&prospective&sample&size&calculation?&(Michael&S.&Lauer)&

If&power&calculations&to&determine&the&required&sample&size&were&performed,&the&results&should&also&be&
included.&&(Aleksandra&M.&Michalowski)&

Sample!size!calculations!were!conducted!for!this!study.!!However,!for!detecting!carcinogenesis,!
sample!size!and!power!will!depend!on!the!baseline!(control)!tumor!rate!and!the!expected!
magnitude!of!the!increase!in!tumors.!!For!example,!at!80%!power,!sample!size!requirements!will!be!
quite!different!for!detecting!a!2>fold!increase!in!a!rare!tumor!having!a!spontaneous!occurrence!of!
0.5%!compared!to!a!2>fold!increase!in!a!more!common!tumor!having!a!spontaneous!occurrence!of!
10%.!!Because!many!different!tumor!types!having!a!wide!range!of!spontaneous!occurrence!are!
involved!in!these!studies,!there!is!no!“one>size>fits>all”!sample!size;!rather,!the!sample!size!is!a!
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compromise!among!several!factors,!including!obtaining!reasonable!power!to!detect!moderate!to!
large!increases!for!most!tumor!types,!while!staying!within!budgets!of!time,!space,!and!funding.!A!
sample!of!90!animals!per!sex!per!group!was!selected!as!providing!as!much!statistical!power!as!
possible!across!the!spectrum!of!tumors,!under!the!constraints!imposed!by!the!exposure!system.!

The!NTP’s!carcinogenicity!studies!are!similar!in!structure!to!the!OECD’s!451!Guideline!for!
carcinogenicity!studies!and!the!FDA’s!guidance!for!rodent!carcinogenicity!studies!of!
pharmaceuticals.!!These!guidelines!recommend!at!least!50!animals!of!each!sex!per!group,!but!also!
mention!that!an!increase!in!group!size!provides!relatively!little!increase!in!statistical!power.!!In!the!
NTP’s!RFR!studies,!the!group!sizes!were!90!animals!of!each!sex!per!group,!nearly!twice!as!many!as!
the!minimum!recommendation.!!Increasing!the!group!sizes!further!provides!diminishing!returns,!for!
which!additional!animals!do!not!substantially!increase!power.!

The&low&power&implies&that&there&is&a&high&risk&of&false&positive&findings&(citing&Ioannidis,&2005).&&…&

I&suspect&that&this&experiment&is&substantially&underpowered&and&that&the&few&positive&results&found&

reflect&false&positive&findings&(citing&Ioannidis,&2005).&&(Michael&S.&Lauer)!

It!is!true!that!the!power!is!low!for!detecting!moderate!increases!above!a!low!background!tumor!rate!
of!approximately!1!–!2!%,!as!was!seen!in!the!brain!and!heart!tumors.!!However,!this!low!power!does!
not!correspond!to!a!high!risk!of!false!positive!findings.!!The!paper!by!Ioannidis!that!was!cited!
correctly!states!that!when!studies!are!small!or!effect!sizes!are!small!(i.e.,!statistical!power!is!low),!
“the!less!likely!the!research!findings!are!to!be!true.”!!Research!findings!can!be!“not!true”!if!the!result!
is!a!false!positive!or!a!false!negative.!!With!low!statistical!power,!false!negatives!are!much!more!
likely!than!false!positives.!!Therefore,!the!vast!majority!of!false!research!findings!in!a!low!power!
situation!will!result!from!the!failure!to!detect!an!effect!when!it!exists.!!The!false!positive!rate!on!any!
properly!constructed!statistical!test!will!not!exceed!its!significance!level,!alpha.!!By!definition,!the!
significance!level!of!a!statistical!test!is!its!false!positive!rate,!and!it!is!typically!selected!by!the!
researcher,!often!at!a!low!fixed!value!such!as!0.05!or!5%.!

If&we&were&repeating&the&experiment,&we&may&see&some&control&studies&have&1&or&more&tumors.&(Max&Lee)&

(Dr.&Lee&also&presented&analyses&of&the&male&rat&data,&inserting&hypothetical&data&on&one&tumorAbearing&

animal&in&the&control&group.)&

In!light!of!the!historical!control!data,!Dr.!Lee!demonstrated!that!several!associations!became!less!or!
not!significant!with!the!insertion!of!a!tumor!data!point!in!the!control!group.!While!we!appreciate!
that!some!other!studies!had!one!or!more!tumors,!the!NTP!considers!the!concurrent!control!group!as!
the!most!important!comparator!to!the!treated!groups.!!!We!took!the!historical!control!tumor!rates!
into!account!in!a!more!subjective!manner!in!our!interpretation!of!the!findings.!!In!2010,!we!asked!to!
adopt!a!more!formal!method!of!incorporating!historical!control!data!in!our!statistical!testing,!but!
our!Board!of!Scientific!Counselors!voted!against!adopting!the!method.!

It&is&puzzling&why&the&control&had&short&survival&rate.&&Given&that&most&of&the&gliomas&and&heart&

schwannomas&are&lateAdeveloping&tumors,&it&is&possible&that&if&the&controls&were&living&longer&some&

tumors&might&develop.&&Although&the&use&of&polyA3&(or&polyA6)&test&intended&to&adjust&the&number&of&rats&
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used&in&the&study,&it&is&still&important&to&reAevaluate&the&analysis&by&considering&the&incidence&rate&in&
controls&not&being&0.&(Max&Lee)&

We!do!not!know!why!the!male!rat!control!group!had!a!low!survival!rate.!!We!generally!do!observe!
lower!survival!rates!in!studies!such!as!the!RFR!studies!in!which!animals!are!singly>!rather!than!group!
housed.!!While!some!tumors!might!possibly!have!arisen!in!controls!if!they!lived!longer,!it!was!
notable!that!no!glial!cell!or!Schwann!cell!hyperplasias!were!found!in!these!animals!as!well.!

The!poly>k!(e.g.,!poly>3!or!poly>6)!test!was!developed!to!adjust!for!the!fact!that!not!all!animals!
survive!to!the!end!of!a!two>year!study,!and!survival!rates!may!differ!among!groups.!!The!test!is!
essentially!a!Cochran>Armitage!trend!test!in!which!the!denominator!of!the!tumor!rate!in!each!group!
is!adjusted!downward!to!better!reflect!the!number!of!animal>years!at!risk!during!the!study.!Each!
animal!that!develops!the!tumor!or!survives!to!the!end!of!the!study!is!counted!as!one!animal.!!Each!
animal!that!does!not!develop!the!tumor!and!dies!(or!is!moribund!sacrificed)!before!the!end!of!the!
study!is!counted!as!a!fractional!animal.!!The!fraction!is!calculated!as!the!proportion!of!the!study!that!
it!survived,!raised!to!the!k>th!power;!k!=!3!or!k!=!6!in!this!study.!The!survival>adjusted!tumor!rate!in!
each!group!is!then!the!number!of!animals!having!the!tumor!of!interest!divided!by!the!total!count!of!
animals!at!risk!of!developing!the!tumor!in!the!group.!!These!survival>adjusted!rates!are!used!in!the!
Cochran>Armitage!formula!to!provide!the!poly>k!test!for!dose>related!trends!and!pairwise!
comparisons!with!the!control!group.!

The!poly>k!test!has!been!shown!to!yield!valid!inferences!about!tumor!rates!in!NTP!two>year!rat!and!
mouse!carcinogenicity!studies!(Bailer!and!Portier,!1988;!Portier!and!Bailer,!1989;!Portier!et!al.,!
1986).!!Its!theoretical!basis!is!that!tumor!incidence,!while!not!directly!observed!unless!the!tumor!is!
immediately!lethal,!follows!a!Weibull!distribution!with!a!shape!parameter,!k.!!Verification!using!NTP!
studies!has!shown!that!if!k!is!between!1!and!5,!setting!k!=!3!yields!a!valid!statistical!test!(Portier!and!
Bailer,!1989;!Portier!et!al,!1986).!!Thus,!most!of!the!time,!the!NTP!uses!the!poly>3!test.!!If!a!tumor!
type!is!late>occurring,!as!we!observed!with!the!brain!gliomas,!k!=!6!is!a!better!fit!to!the!data!and!the!
poly>6!test!has!more!validity.!!

In&the&portion&of&the&text&describing&differences&in&survival&at&the&end&of&the&study&between&control&and&
RFRAexposed&animals&the&compared&characteristic&is&not&named&and&also&no&numerical&values&of&the&
estimates&or&the&range&of&differences&are&given.&&I&would&add&numbers&in&the&text&of&an&Appendix&table&
showing&the&group&survival&estimates&described&in&this&paragraph.&(Aleksandra&M.&Michalowski)&

The!Statistical!Methods!section!describes!the!method!for!comparing!survival!distributions!between!
the!control!and!RFR>exposed!groups,!namely,!Tarone’s!(1975)!life!table!test!to!identify!exposure>
related!trends!in!survival!and!Cox’s!(1972)!method!for!testing!two!groups!for!equality!of!survival!
distributions.!
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ADDITIONAL(RESPONSE:(
(
Dear(All,(
(
Thanks(again(for(all(your(helpful(comments(on(the(NTP(RFR(studies.((I(did(want(to(follow(up(on(
one(remaining(point(of(disagreement(that(Mike(Lauer(alluded(to(in(his(comments(about(low(
powered(studies.(Although(we(agree(that(our(study(design(had(low(power(to(detect(statistically(
significant(neoplastic(effects(in(the(brain(and(heart,(which(occurred(with(both(RFR(modulations(
in(male(rats,(we(disagree(over(the(assertion(that(low(power(in(and(of(itself,(creates(false(
positive(results.(We(cited(a(handful(of(publications(outlining(the(statistical(arguments(against(
this(with(specific(respect(to(the(NTP(rodent(cancer(study(design(in(our(response(to(comments(
document(sent(earlier.(Although(Mike(referred(to(the(example(of(positive(findings(in(
underpowered(epidemiology(studies(that(could(not(be(replicated(in(larger(follow(up(studies,(
there(is(a(growing(literature(alluding(to(this(problem(with(respect(to(experimental(animal(
studies(as(well.(An(example(is(a(relatively(recent(article(by(one(of(our(collaborators(in(
CAMARADES,(Malcolm(MacLeod.(
((
http://www.nature.com/news/2011/110928/full/477511a.html(
((
It’s(important(to(distinguish(between(low(power(to(detect(effects,(and(the(constellation(of(
other(factors(that(often(accompany(low(powered(experimental(animal(studies(in(contributing(
to(this(problem.(We’ve(addressed(this(issue(in(a(recent(editorial,(and(these(factors(are(captured(
in(our(published(systematic(review(process(for(evaluating(study(quality(in(environmental(health(
sciences((Rooney(et(al.,(2014).((
((
http://ehp.niehs.nih.gov/wpXcontent/uploads/122/7/ehp.1408671.pdf(
((
((
http://ehp.niehs.nih.gov/wpXcontent/uploads/122/7/ehp.1307972.pdf(
((
Table(1(in(the(Rooney(et(al.(report(outlines(risk(of(bias(considerations(that(commonly(plague(
studies(carried(out(by(academic(researchers(that(are(accounted(for(in(NTP(studies.(
((
I(provide(these(examples(to(assure(you(that(we(are(completely(cognizant(of(these(issues(and(
take(them(very(seriously.(Again,(we(appreciate(the(help(you’ve(provided(in(assuring(that(we(
appropriately(interpret(and(communicate(our(findings.(
((
Best(
John(Bucher(
(
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