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A B S T R A C T  

Early phase clin i cal tri als are the first step in test ing new med ica tions and ther a peu tics de vel oped by clin i cal 
and bio med ical in ves ti ga tors. These tri als aim to find a safe dose of a newly tar geted drug (phase I) or find out 
more about the side ef fects and early sig nals of treat ment ef fi cacy (phase II). In a re search in sti tute, many bio - 
med ical in ves ti ga tors in on col ogy are en cour aged to ini ti ate such tri als early in their ca reers as part of de vel - 
op ing their re search port fo lio. These in ves ti ga tor - initiated tri als (IITs) are funded in ter nally by the Uni ver sity 
of Kansas Can cer Cen ter or par tially funded by phar ma ceu ti cal com pa nies. As fi nan cial, ad min is tra tive, and 
prac ti cal con sid er a tions play an es sen tial role in the suc cess ful com ple tion of IITs, it is im per a tive to ef fi ciently 
al lo cate re sources to plan, de sign, and ex e cute these stud ies within the al lot ted time. This man u script de - 
scribes mon i tor ing tools and processes to im prove the ef fi ciency, cost - effectivness, and re li a bil ity of IITs. The 
con tri bu tions of this team to processes such as: par tic i pant re cruit ment, fea si bil ity analy sis, clin i cal trial de - 
sign, ac crual mon i tor ing, data man age ment, in terim analy sis sup port, and fi nal analy sis and re port ing are de - 
scribed in de tail. This man u script elu ci dates how, through the aid of tech nol ogy and ded i cated per son nel sup - 
port, the ef fi ciency of IIT - related processes can be im proved. Early re sults of these ini tia tives look promis ing, 
and the Bio sta tis tics and In for mat ics team in tends to con tinue fos ter ing in no v a tive method olo gies to en hance 
can cer re search by im prov ing the ef fi ciency of IITs. 

1 . Introduction 

There are 70 Na tional Can cer In sti tute (NCI) des ig nated can cer 
cen ters in the United States and 50 of these cen ters have achieved 
“com pre hen sive can cer cen ter sta tus” [ 1 ]. Many can cer cen ters as pire 
to achieve and main tain the com pre hen sive des ig na tion, which pro - 
vides them the op por tu nity to ad vance their re search and clin i cal 
port fo lio. This des ig na tion fa cil i tates cut ting - edge re search as it al - 
lows the in sti tu tion to meet the high est stan dards re quired for in no v a - 
tive drug dis cov ery and treat ment. Build ing a ro bust and com pre hen - 
sive can cer cen ter re quires dy namic core pro grams that quickly adapt 
to the op er a tional and sci en tific changes that oc cur at a rapid pace in 
the clin i cal trial in dus try. The Bio sta tis tics and In for mat ics Shared Re - 
source (BISR) is one of eight shared re sources of the Uni ver sity of 
Kansas Can cer Cen ter (KUCC) P30 grant. Re searchers can con duct re - 

search stud ies known as In ves ti ga tor Ini ti ated Tri als (IITs) through 
spon sor ship by in ter nal or ex ter nal fund ing agen cies. BISR en sures 
smooth con duct of IITs from the de sign and fea si bil ity as sess ment to 
their com ple tion. These el e ments play a vi tal role in the suc cess of 
these stud ies. Most IITs con ducted at the KUCC are phase I and phase 
II tri als, which lay the foun da tion for suc cess ful drug dis cov ery and 
po ten tial can cer treat ments [ 2 ]. While some IITs are in dus try - 
sponsored, oth ers are spon sored in ter nally by the in sti tu tion or other 
com pet i tive ex tra mural fund ing agen cies (e.g., NCI). Such in sti tu tion - 
ally - sponsored tri als are of ten re stricted by bud getary and ad min is tra - 
tive con sid er a tions, thereby lim it ing the study fol low - up time and the 
over all scope of re search. IITs should be ef fi ciently de signed and con - 
ducted prag mat i cally to achieve higher suc cess rates. BISR has im ple - 
mented a stan dard ized pro ce dure in tended to help study in ves ti ga tors 
con duct ef fi cient IITs to re al ize this ob jec tive. 
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The BISR is com prised of fac ulty and staff within the De part ment 
of Bio sta tis tics & Data Sci ence at the Uni ver sity of Kansas Med ical 
Cen ter with ex per tise that spans bio sta tis tics, bioin for mat ics, in for - 
mat ics, and data sci ence. The BISR col lab o rates with a wide ar ray of 
dis ease work ing groups (DWG) in plan ning and con duct ing IITs for 
var i ous types of can cer and is re spon si ble for en sur ing the smooth ex - 
e cu tion of IITs through all stages us ing a process - driven ap proach. As 
an ini tial step to wards stan dard iza tion, study in ves ti ga tors are in - 
structed to con tact the BISR as early as pos si ble to en able stream lined 
and ef fec tive ex e cu tion of their in tended IITs. The pur pose of this pa - 
per is to demon strate how stan dard iza tion of IIT - related processes im - 
proves the ef fi ciency of early phase tri als. 

2 . Materials and methods 

The BISR adopts a mul ti fac eted process - driven ap proach to re al ize 
its main ob jec tives, keep ing in mind the crit i cal as pects of over all de - 
sign and work flow ef fi ciency ( Fig. 1 ). In this ap proach, at ten tion is 
given to en sure that each com po nent of the process is op ti mally ex e - 
cuted while si mul ta ne ously se cur ing ro bust func tion al ity for the en tire 
process. The process be gins with the re searcher reg is ter ing their pro - 
ject with BISR, fol lowed by an ini tial con sul ta tion with the sta tis ti cian 
and the data man ager to dis cuss the study de sign and data base de vel - 
op ment. Re searcher is then asked to pre sent their idea at the IIT clinic 
which is held bi - weekly which in volves KU Can cer Cen ter lead er ship 
along with a panel of re searchers who pro vide feed back and eval u ate 
the idea be fore it could be ap proved. Specif i cally, a fun da men tal com - 
po nent of this ap proach is the BISR de vel op ment of a Cu rated Can cer 
Clin i cal Out comes Data base (C3OD) and Or ga nize & Pri or i tize Trends 
to In form KU Can cer Cen ter Mem bers (OP TIK). C3OD is hosted on a 
se cure server and en ables on col o gists to iden tify el i gi ble pa tients 
based the in clu sion and ex clu sion cri te ria de fined in the study [ 3 ]. 
This data base de ploys ad vanced al go rithms to com bine data from 
elec tronic records with man u ally ab stracted data, and pro vides a 
graph i cal user in ter face through which re searchers can sub mit queries 
search ing for pa tient avail abil ity. OP TIK is still in the de vel op ment 
stage, but is be ing al ready uti lized by the KU Can cer Cen ter mem bers 
to bet ter un der stand the tar get pop u la tion with in the KU Catch ment 
Area. OP TIK cor rob o rates data from mul ti ple pub licly avail able data 
with in for ma tion of the pop u la tion spread across the state and quan ti - 
fies based on the de mo graph ics and so cio eco nomic sta tus. 

Once the study pop u la tion is iden ti fied and a re search team has 
pre pared the clin i cal and bi o log i cal com po nents of their study pro - 
posal, the study de sign is dis cussed and cri tiqued at bi - weekly IIT 
Steer ing Com mit tee meet ings in which a BISR des ig nated bio sta tis tics 
fac ulty mem ber pro vides an overview of the study fea si bil ity and 
over all sta tis ti cal de sign. The Steer ing Com mit tee com piles a re port 
pro vid ing feed back to the re search team for fur ther re fin ing their re - 
search pro posal. Once the re search team is ready with a clearly de - 
fined hy poth e sis and the pri mary and sec ondary end points have been 
iden ti fied, a de tailed face - to - face meet ing is sched uled be tween the 
team of re searchers and the lead bio sta tis ti cian as signed to the study. 
The lead bio sta tis ti cian is as signed based on the area of ex per tise that 
best matches with the unique char ac ter is tics of the study ( Fig. 1 ). 
Next, the BISR pro poses stan dard and in no v a tive phase I and phase II 
de signs af ter care ful re view of the study pro to col, keep ing in mind pa - 
tient ac crual rates and other ad min is tra tive and fi nan cial con sid er a - 
tions. Novel ideas con sis tent with newly de vel oped sta tis ti cal meth ods 
in the lit er a ture are en cour aged, and cor re spond ing doc u men ta tion is 
pro vided in the sta tis ti cal sec tion of the pro to col. In terim analy sis 
plans for early de tec tion of ef fi cacy or fu til ity may be pro vided. Like - 
wise, se quen tial and adap tive de signs are pro posed in cases where 
they are deemed ap pro pri ate. Upon ap proval of the study pro to col by 
both the Re sourc ing and Ethics Re view Com mit tees, the study pro - 
gresses to re search data base de vel op ment and man age ment. At this 
stage, a se nior re search an a lyst uses the Clin i cal Tri als Man age ment 
Sys tem (CTMS) to build elec tronic case re port forms (eCRFs) aimed at 
col lect ing study - specific in for ma tion. To fa cil i tate con sis tency and 
ease in per form ing this task, the an a lyst in cor po rates stan dard ized 
eCRFs from a li brary de vel oped specif i cally for this pur pose. That is, 
the eCRFs in this li brary ap ply to all types of can cer IITs and can be 
read ily de ployed. In cases where the stan dard eCRFs do not suf fice, 
the an a lyst de vel ops new eCRFs spe cific to the study un der con sid er a - 
tion. Newly de vel oped forms are then added to the li brary of stan - 
dard ized eCRFs, fa cil i tat ing their use for fu ture sim i lar stud ies. 

The study sub se quently pro ceeds to re cruit ment fol low ing the 
study plan out lined in the pro to col. Once re cruit ment be gins, it is cru - 
cial to pe ri od i cally keep track of whether the study is meet ing re cruit - 
ment goals. To this end, a web - based ap pli ca tion, Ac crual App, de vel - 
oped by the BISR, pro vides a key role in pro vid ing such in for ma tion 
[ 4 – 6 ]. This ap pli ca tion is up dated daily and uses cur rent en roll ment 
in for ma tion to gen er ate pos te rior pre dic tion in ter vals that con vey po - 

Fig. 1 . In ves ti ga tor Ini ti ated Trial work flow within BISR. 
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ten tial de lays in achiev ing re cruit ment tar gets. Ad di tional fea tures al - 
low a user to sort and view the sta tus of a clin i cal trial cat e go rized by 
can cer type, re searcher name, and study type, thereby pro vid ing crit i - 
cal feed back to the Clin i cal Tri als Of fice (CTO) about the on go ing and 
pre dicted progress of an IIT. It also re minds the clin i cal in ves ti ga tors 
(who may be blinded) and the sta tis ti cian when the study achieves 
the en roll ment goal so that it can pro ceed to analy sis. 

In the next stage, a se nior re search an a lyst ex tracts the data in one 
of the fol low ing for mats SAS, R, JSON, XML, CSV or EX CEL file and 
cu rates it fur ther as per the spe cific re quire ments of the sta tis ti cal 
analy sis plan. The bio sta tis ti cian an a lyzes the data with strict ad her - 
ence to the study pro to col and sum ma rizes the re sults of his or her 
analy ses. The an a lyst also pre pares study re ports for pe ri odic as sess - 
ment by the Data Safety Mon i tor ing Board (DSMB), whose mem bers 
mon i tor the IIT for is sues re lated to safety and tox i c ity. For stud ies 
funded by the Na tional In sti tutes of Health (NIH), the sta tis ti cian and 
an a lyst to gether en sure that all rules and guide lines rec om mended by 
NIH are strictly ad hered to dur ing the dis cus sion ses sions with the 
DSMB [ 7 ]. Once the fi nal analy ses are com pleted and the re search 
team dis cusses study re sults, the study moves on to the fi nal stage 
where the study re sults are sub mit ted to the fund ing agency and up - 
loaded to the ClincalTrials. gov web site. The re search team then writes 
the man u script and sub mits it to a suit able jour nal to share the study 
re sults with the sci en tific com mu nity. 

3 . Results 

In or der to eval u ate the ef fi ciency of the con duct of IIT con ducted 
at the KU can cer Cen ter, BISR has ex tracted data from the clin i cal 
trial man age ment sys tem start ing from the year 2012 till 2018. Un der 
Fig. 2 , first graph il lus trates the num ber of new IITs that were ap - 
proved to be gin be tween 2012 till 2018. No tice ably in 2015, we had 
the least num ber of IITs that were opened which was 15, and dur ing 
the last three years we have been con sis tent with 19 new IITs ap - 
proved to start en rolle ment. The sec ond graph de scribes the num ber 
of unique dis ease work ing groups in volved with IITs that were ap - 
proved be tween 2012 till 2018. The num ber of can cer dis ease is rep - 
re sen ta tive of di verse area spanne by these IITs cap tur ing – Breast, GI, 
GU, Gy ne col ogy, Head and Neck, Lung, Leukemia/ Myeloid, Sar coma/ 
Melanoma and Mul ti ple. Some of these IITs dis ease work ing group is 
clas si fied as Mul ti ple which means it can en roll par tic i pants with dif - 
fer ent di ag no sis. The third graph on Fig. 2 , rep re sents the num ber of 
par tic i pants en rolled on to a theau ra p atic clin i cal trial at the KU Can - 
cer Cen ter across the years since 2012 till 2018. Par tic i pants who are 
en rolled in 2012 are not counted to wards the con cec u tive years. Dur - 
ing 2018 we have en rolled 625 new par tic i pants on to the clin i cal tri - 
als, 2018 is also the year when we had 19 new IITs which were ap - 
proved to open for en rolle ment, also keep in mind the pre vi ous years 
stud ies have also ac crued which ac count to wards the 625 par ti ci a - 
pants en rolle ment dur ing the year 2018. The fouth graph un der Fig. 2 
rep re sents the num ber of new can cer cases that have been di ag nosed 

Fig. 2 . IITs con ducted at the KU Can cer Cen ter be tween 2012 till 2018. 

http://clincaltrials.gov/
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at the KU Can cer Cen ter across the years 2012 till 2018. We see that 
dur ing the year 2015 and 2016 we have had high est num ber of new 
can cer cases, the source of this data is from our Tu mor reg istry data, 
which is man u ally ab stracted and ver i fied by the can cer reg istry ab - 
strac tors, For the cal en dar year 2018 the num bers are not com plete as 
the ab strac tors are cur rently in the process of ab stract ing the 2018 
can cer cases. While KU Can cer Cen ter cares for ap prox i mately 6000 
can cer pa tients per year, al most 15% of these pa tients are first seen at 
KU Can cer Cen ter one or more years af ter they were di ag nosed. For 
ex am ple, a pa tient may have been di ag nosed in 2017 but they weren't 
seen at KUMC un til early in 2018. 

The fifth graph un der Fig. 2 is en roll ment ef fi ciency. Ef fi ciency is 
de fined as the num ber of par tic i pants that were en rolled on the IIT for 
a given year di vided by the cor re spond ing num ber of new can cer 
cases that have been di ag nosed at the KU Can cer Cen ter. Ex am ple: for 
the year 2012 the ef fi ciency would be cal cu lated as 289 di vided by 
4284 i.e. 0.0674 (or 6.74%). The ef fi ciency per cent age has dou bled 
across the five year pe riod and clearly the process and the tools such 
as the C3OD, OP TIK and Ac crual App. Have pro vided an edge to the 
KU Can cer Cen ter ad min is tra tion and the re searchers to re cruit, track 
and mon i tor every IIT. 

4 . Discussion 

The stan dard iza tion process for IITs ap pears to im prove the ef fi - 
ciency of ac crual and the like li hood of stud ies to meet at least 80% of 
the tar geted sam ple size. The stan dard iza tion and im ple men ta tion of 
in for mat ics tools help the study teams with their pre - study plan ning 
and fea si bil ity analy sis us ing C3OD through screen ing and iden ti fi ca - 
tion of pa tients. Real - time ac crual mon i tor ing pro vides a cur rent tra - 
jec tory of ac crual that can be in ter vened upon by study de ci sion - 
makers. Due to the stan dard ized pro ce dures, the data are col lected in 
a pre scribed for mat lead ing to the stream lined gen er a tion of re ports 
and data vi su al iza tion for reg u la tory bod ies. Mov ing for ward, BISR 
con tin ues to part ner with Clin i cal Tri als Of fice on build ing stan dard 
tools for in ter nal re view com mit tees that pro vide feed back on fea si bil - 
ity of the trial and re sources/ bud getary fea si bil ity. Any med ical cen - 
ters could eas ily adopt all the tools men tioned un der this man u script 
af ter un der stand ing the method ol ogy be hind the sta tis ti cal cal cu la tion 
and avail abil ity of the in put data vari ables. 

With the cur rent im ple men ta tion of a process - driven ap proach, 
BISR in volve ment has shown im proved re sults in mul ti ple as pects of 
the IIT de sign and de vel op ment process. More in no v a tive study de - 
signs help re al ize the study ob jec tives and stan dard ized data el e ments 
— along with study - specific data el e ments — create a faster and more 
ef fi cient IIT. Track ing fea tures in the Ac crual App help mon i tor cur - 
rent pa tient en roll ment as well as pre dict the date of study com ple - 
tion. For the mon i tor ing tool to per form and help with de ci sion mak - 
ing, the study team mem bers have to make sure the data is en tered in 
a timely man ner. Con sid er able data has to be ac cu mu lated to build a 
rig or ous mon i tor ing tool. It has been four years since these tools have 
been im ple mented at our site; it is just go ing to help us im prove as we 
con duct more stud ies in the fu ture. When more data is col lected, we 
can as sess the per for mance of our process us ing more rig or ous hy - 
pothe ses and per form for mal sta tis ti cal tests to pro vide ev i dence in 
sup port of these hy pothe ses. We con tinue to fine - tune the tools to 
adapt to the dy namic land scape of clin i cal trial ex e cu tion process. 
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