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Vol-PACT: A Foundation for the NIH 
Public-Private Partnership That Supports 
Sharing of Clinical Trial Data for the 
Development of Improved Imaging 
Biomarkers in Oncology

INTRODUCTION

Historically, cancer drug development has had a 
high failure rate with an atypically high frequency 
of failure at late stages.1-12 New trial designs and 
regulatory approaches are intended to reduce 
the total costs to reach one new investigational 
oncology drug approval, which is estimated at 
$1 billion.13 The success of clinical trials partially 
depends on the end points, and as more thera-
peutic agents have been approved for expanded 
indications in oncology, modern trials have been 

less likely to use the clinical end point of overall 
survival (OS).

The commonly used imaging end points of 
objective response rate (ORR) and progres-
sion-free survival (PFS) have remained relatively 
unchanged in recent decades.14 Each is based 
on consensus categorical criteria, such as the 
Response Evaluation Criteria in Solid Tumors 
(RECIST).15-18 Briefly, the objective criteria require 
the treating clinical team to identify up to five 
target lesions at initiation of treatment as well 
as nonmeasurable and nontarget lesions. The 
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sum of the longest diameter of each target lesion 
is then recorded throughout the treatment and 
used to reflect the total tumor burden. The evo-
lution of nontarget lesions as well as new lesions 
is recorded as a qualitative metric. A ≥ 30% 
decrease in target lesions is the threshold for an 
objective partial response. The appearance of 
new lesions, or a 20% increase from the small-
est measured burden, determines progressive 
disease, with the time until the patient’s disease 
meets that category, the PFS. However, tumor 
diameter measurements and qualitative metrics 
collected at sites on case report forms (CRFs) 
over the course of a trial are limited and lead to 
a potentially flawed estimation of tumor burden 
and representation of treatment effect.19

Interest in the power of data sharing and big 
data to fill knowledge gaps has surged. One 
such knowledge gap is an understanding of 
which imaging end points are most reliable and 
efficient for characterizing therapeutic effect in 
clinical trials. The revisiting of imaging data from 
completed clinical trials is an example of a big 
data approach to identifying alternative metrics 
that can predict success of a new therapy. We 
hypothesized that such alternative metrics out-
perform existing imaging end points such as 
ORR and PFS. The advent of a new generation 
of anticancer therapies challenges the current 
discretization of treatment effect by RECIST 1.1 
into four categories of response and progres-
sion used to calculate ORR and PFS.14 First, 

cytostatic targeted molecular therapies do not 
shrink tumors by the same magnitude as cyto-
toxic therapy while still providing clear clinical  
benefit.20 Second, the rapid rise of immune check-
point blockade agents has produced an increas-
ing number of trials with unusual patterns of 
response and progression.21

In this new era of personalized oncology care, the 
design and conduct of clinical trials has not yet 
implemented new imaging biomarkers derived 
from widely available standard clinical trial imag-
ing techniques.22-24 Our group has developed 
comprehensive, semi-automated tools for deci-
phering tumor imaging phenotype.25 However, 
these tools need the collection and segmenta-
tion of source imaging data rather than simple 
measurements of tumor diameter at sites (Fig 1).  
The critical need to develop new prognostic 
and predictive imaging metrics fostered a pub-
lic-private partnership through the creation of 
Vol-PACT (Advanced Metrics and Modeling With 
Volumetric Computed Tomography for Precision 
Analysis of Clinical Trial Results). The ultimate 
goal of Vol-PACT is to deploy quantitative imag-
ing metrics that can improve clinical trial ana-
lytics and reliably predict clinical trial outcomes.

Well-annotated imaging data represent a unique 
challenge because of the size and complexity of 
these data sets. We present an initial report on 
the feasibility of central collection and analysis of 
clinically annotated imaging data from landmark 
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phase III trials in advanced solid tumors with the 
intention that these data permit the development 
of new computed tomography (CT)–based imag-
ing metrics for describing therapeutic effect.

PATIENTS AND METHODS

Research Consortium

Academic research partners. Vol-PACT was ini-
tially conceptualized through a working group 
of the Biomarkers Consortium, a public-private 
biomedical research partnership managed by 
the Foundation for the National Institutes of 
Health (FNIH). Vol-PACT was afforded oversight 
by members of the National Cancer Institute 
and Food and Drug Administration. It includes 
participating industrial partnership and federal 
oversight as well as the clinical investigators at 
Dana-Farber Cancer Institute, the Computational 
Image Analysis Laboratory (CIAL) at Colum-
bia University Medical Center, the therapeutics 
research team of the Inova Center for Personal-
ized Health, and statisticians at Memorial Sloan 
Kettering Cancer Center. Each academic institu-
tion executed an independent Research Collabo-
ration Agreement with FNIH. These agreements 
define project team members and describe the 
roles of sites and their relationships with each 
institution about how data will flow among them.

Institutional review board considerations. After 
the research collaboration agreements were 
signed and the project funded and launched, 
investigators received independent nonhuman 
subjects research approval from their institu-
tional review board.

Selection of eligible trials. Trials registered at 
ClinicalTrials.gov were screened for the follow-
ing inclusion criteria: phase II or III trial with two 
or more intervention arms sponsored by industry; 
completed study; primary tumor type with a large 
proportion of measurable, quantifiable disease 
(non–small-cell lung cancer [NSCLC], colorectal 
cancer [CRC], renal cell cancer [RCC], and mel-
anoma); ≥ 300 patients accrued; primary end 
point of either OS or PFS; and CT images cen-
trally collected and archived. We selected com-
pleted trials according to published hazard ratios 
(HRs) for OS or PFS value and aimed to include 
trials with both negative and positive findings so 
that imaging metrics could be studied across a 
range of trial outcomes.

Data sharing agreement. Each pharmaceutical 
company negotiated a data sharing agreement. 
The FNIH Biomarkers Consortium’s Intellectual 
Property and Data Sharing Guidelines accom-
pany the data sharing agreements executed 
by the companies. Proprietary company data 
are shared with the Vol-PACT project team but 
cannot be shared externally or made publicly 
available. The entire Vol-PACT project team 
committed to communally publishing trial-level 
results as a requirement of the FNIH Biomarkers 
Consortium.

Data Sharing Pipeline

De-identification and anonymization. Imaging 
data and clinical information were shared by dif-
ferent sources (Table 1). In cases where data 
sets were already preanonymized, a single uni-
fied identifier was used by the company, and 
no test transfer occurred. Otherwise, de-identi-
fication process steps were required to ensure 
that both sets of data matched accurately. This 
process involved patient de-identification, with 
a combined key for both images and clinical 
data, and to ensure anonymization, the offset-
ting of key data values. Finally, for each trial, a 
test data transfer was performed. After each step 
was successfully achieved, the requested data 
were transferred and the source anonymization 
key destroyed.

De-identified transfer of data. Each company 
provided the intention-to-treat population and 
shared data directly either through an encrypted 
hard drive or through a secured Web-accessible 
SAS Clinical Trials Data Transparency (CTDT)  
portal (SAS Institute, Cary, NC). Some com-
panies concerned about reinterpretation of pub-
lished data did not transfer an entire study data 
set. The data were transferred separately in three 
files: patient-level de-identified Digital Imag-
ing and Communications in Medicine (DICOM) 
images with a list of patient IDs and CT scan time 
points with corresponding scan dates; a generic 
set as well as a study-specific set (ie, cancer 
specific, treatment specific) of relevant base-
line and on-treatment clinical data recorded for 
each patient for whom image files were shared; 
and a study-specific set of clinical data, includ-
ing time-dependent longitudinal measurements 
and observations. Alternatively, some sponsors 
elected to share the entire coded clinical data 
file directly with the investigators or provided a 
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set of investigators with registered access to the 
CTDT portal.

Standardization of the reference point. We stan-
dardized the reference point for imaging data 
and initial treatment administration. The refer-
ence was the on-treatment date, an on-study 
date when a patient received the initial dose of 
any treatment. Some sponsors replaced actual 
dates by the delay after the on-treatment date, 
which was called day 1.

Clinical data. To facilitate transfer among the 
companies, imaging contract research organi-
zation, and academic institutions and to ensure 
utility of the data once received, the team devel-
oped a data dictionary to describe the fields in 
the data sets. The clinical metadata and imag-
ing files must have contained the same patient 
identifiers: study ID, patient ID, and date or 
study day. The clinical metadata provided the 
follow-up time or data cutoff date. A statement 
was included about whether the data cutoff was 
the same as that reported in the primary publi-
cations.

Computation of Imaging Features

Segmentation. To better assess tumor burden, 
up to 10 target lesions > 1 cm in diameter at 
baseline were measured. All target lesions and 
new lesions upon appearance were segmented 
and measured at each scan time point by using 
the CIAL response assessment system built on 
open source software, the Weasis imaging plat-
form.26 Three semi-automated algorithms devel-
oped for segmenting lesions in lung,27 liver,28 
and lymph nodes along with a contour modifi-
cation tool were used. The segmentation was 
supervised wherein computer-generated tumor 
contours were superimposed on the original 
images, reviewed by a radiologist, and corrected 
if not deemed visually accurate by the reviewing 
radiologist.

Extraction of imaging features. On the basis of the 
final contours, the tumor axial maximal diameter, 
maximal perpendicular diameter, and volume 
were automatically calculated. Internal quality 
assurance programs, including target lesion  
matching among multiple scan time points 
and measurement outlier checking, were per-
formed before the measurement result file was 
submitted.

Output. At the end of the image analysis, a 
spreadsheet was provided to the statistical team 
under the supervision of independent quality  
control. The spreadsheet contained the follow-
ing fields: patient ID, study date, number of tar-
get lesions, target lesion site, unidimensional 
measurement (in millimeters), perpendicular 
diameter (in millimeters), bidimensional mea-
surement (the product of the maximal and the 
maximal perpendicular diameters [in square 
millimeters]), volume (in cubic millimeters), and 
comment (which documents information such 
as the existence of a nontarget lesion or new 
lesion that was not measured). The data man-
agement team extracted the patients who had 
both qualified imaging tumor measurements and 
clinical metadata into two separate spreadsheets 
that contained the same patient ID. Patients who 
had no target lesions measured at baseline were 
excluded.

Quality Control

Quality control of data transfer. The CIAL received 
directly de-identified CT images in DICOM format 
and conducted an initial quality check, including 
the number of patients and scan time points and 
readability/measurability of the DICOM images 
against the transmittal form. The data manage-
ment team compared the number of patients pro-
vided by the CIAL against the clinical metadata 
and/or publications as well as ascertained that 
each patient ID in the transmittal form accom-
panying the DICOM imaging files existed in the 
clinical metadata files and vice versa. After these 
initial quality control steps were completed, the 
data management team notified CIAL to start the 
imaging processing/analysis.

Quality control of tumor measurements. The data 
management team conducted the following qual-
ity control checks on the tumor measurement 
spreadsheets provided by CIAL to determine 
whether errors existed or the file could otherwise 
be unified: visits with date and time point incon-
sistencies; visits with dates before the baseline 
visit dates; follow-up visits with dates before the 
randomization date; unidimensional, bidimen-
sional, and volume measurements out of reason-
able ranges; and duplicate lesion measurements 
on the same patient ID or date.

Quality control of clinical data. The data man-
agement team examined key data elements in 
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the clinical metadata, including the number 
of deaths and the number of progression-free 
events, to ascertain that they closely reflected 
the follow-up time/data cutoff date provided by 
the company and/or the published results.

RESULTS

Agreement to Share by Sponsor

Eighteen sponsors were approached. Five indus-
try partners agreed to share data and committed 
to providing imaging and de-identified clinical 
data from 10 completed phase III trials: Sanofi 
(one trial), GlaxoSmithKline/Novartis (two trials), 
Amgen (two trials), Boehringer Ingelheim (three 
trials), and Merck (two trials). The implementa-
tion of contracting agreements took a median of 
12 months across the five partners (range, 6 to 
18 months). To date, we have received clinical 
and imaging data from eight trials. Clinical data 
were transferred by an encrypted hard drive for 
three trials and were made accessible in the SAS 
CTDT portal for five trials. The imaging data were 
transferred directly by an encrypted hard drive 
for eight trials (Fig 1).

Clinical Trial Characteristics

In the 10 committed phase III trials was a total 
of 7,085 patients (Table 1; Fig 2). Cancer types 
were CRC (three trials; 2,872 patients), RCC 
(two trials; 1,545 patients), NSCLC (three trials; 

1,294 patients), and melanoma (two trials; 1,374 
patients). The primary end point was PFS in six 
trials, OS in two trials, and both OS and PFS in 
two trials. In the 10 committed trials, the median 
trial HR for OS was 0.90 (range, 0.63 to 1.08) 
and for PFS, 0.58 (range, 0.28 to 1.05). Twenty 
treatment arms that covered 12 treatment regi-
mens were analyzed.

Feasibility of the Extraction of Imaging Features 
at Baseline

To date, semi-automated tumor measurement 
has been performed on data from four of the 
trials, which encompassed 3,954 patients; mea-
surement is under way for four additional trials. 
Sponsors provided source imaging data from 
3,837 of 3,954 patients included in the original 
clinical trial, which resulted in a transfer rate 
of source imaging data of 97% (range, 94% to 
99.8%). We segmented target lesion volume 
with the intention to extract tumor imaging bio-
markers in 80% (range, 72% to 86%) of all trial 
patients (3,162 of 3,954) and 82% (range, 72%  
to 90%) of patients for whom we received imaging  
data (3,162 of 3,837). We excluded 675 patients  
(18%) from imaging analysis because of the 
absence of measurable target lesions per RECIST 
1.1 found at baseline (n = 392 [10%]), the 
availability of only one time point scan (n = 224 
[6%]), or low-quality secondary captured images 
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highly measurable solid  
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(n = 59 [1%]; Table 2; Fig 3). Each patient had 
an average of five scan time points.

Primary End Point in the Cohort

Clinical and imaging data were available for 3,055 
(79%) of 3,867 patients to permit analysis of the 
primary end point for each of the four trials studied 
(Table 3). Note that the primary analysis of one trial 
was performed in two strata on the basis of KRAS 
mutation status and was therefore treated as two 
separate trials in our primary end point analyses: 
KRAS wild type (4a) and KRAS mutant (4b). In  
this trial, results only provide survival infor-
mation in 93% of the 1,183 patients randomly 
assigned according to their KRAS exon 2 muta-
tional status.4,29 The primary end point analysis 
for the subset of patients measured suggests that 
each trial cohort is representative of each original 
cohort, with the original HR for OS and PFS repli-
cated across the five clinical trials arms (Table 3).

DISCUSSION

The FNIH Vol-PACT project measures and 
analyzes tumor images directly from landmark 

phase III trials in advanced solid tumors. The 
feasibility of such a data sharing effort creates 
an opportunity for other teams to join with the 
goal of developing new trial-level end points to 
improve the prediction of phase III trial success.

We demonstrated that the segmentation of tar-
get lesions is feasible in 80% of patients from 
the original phase III cohorts at an average of 
five time points. This will ultimately allow for a 
dynamic analysis of the kinetics and magnitude 
of tumor regression and growth.30-32 We showed 
that tumor imaging phenotype was not extract-
able in 18% of patients because of the absence 
of measurable target lesions on CT scan (10%), 
the discontinuation of treatment before the 
scheduled follow-up CT scan (6%), or the recep-
tion of secondary captured images that were not 
sufficient to extract imaging biomarkers (1%).

To date, 10 trials, including 7,085 patients, four 
cancer types (CRC, RCC, NSCLC, melanoma), 
and 20 treatment arms, have been committed. 
Our data set covers 12 treatment regimens, 
which permitted the analysis of response 
phenotypes33 across the full range of the cur-
rent oncologic drug landscape (chemotherapy 
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Table 2. Comparison of Reported Patients, Received Source Imaging Data, and Measured Tumor Burden

Trial No.

Variable 11 22 33 44 Average Total

Trial ID VELOUR VEG105192 COMPARZ 20050203

Reported

No. of patients 1,226 435 1,110 1,183 988 3,954

Received

No. of patients 1,223 407 1,081 1,126 959 3,837

Measured

No. of patients 886 328 933 1,015 790 3,162

Average scan time points per trial 5 5 6 5 5.20

Nonmeasurable disease

One time point only 47 31 81 65 56 224

No target lesions 231 48 67 46 98 392

Secondary captured images 59 0 0 0 15 59

Ratio

Received/reported 0.998 0.94 0.97 0.95 0.97

Measured/received 0.720 0.81 0.86 0.90 0.82

Measured/reported 0.720 0.75 0.84 0.86 0.80

One time point only/received 0.040 0.08 0.07 0.06 0.06

No target lesions/received 0.240 0.12 0.06 0.04 0.11

Secondary captured images/received 0.050 0.00 0.00 0.00 0.01

NOTE. Data are the original number of patients reported in a sample of the trials that the project team is analyzing, the number of patient source imaging data received 
by the team, the number of patients with measurable tumor burden, and the average number of time points available for each patient.
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and targeted molecular agents and immune 
checkpoint blockers). We hypothesized that 
continuous imaging metrics that measure treat-
ment-induced changes will be prognostic, and 
predictive biomarkers at a trial level will provide 
greater clarity for go/no-go decisions about drug 
development, accelerate cancer therapeutic 
development, and allow better patient care.

Toward this end, the FNIH Vol-PACT program 
proposes to generate new end points systemati-
cally by aggregating three types of metrics: lesion 
measurement (longest diameter, bidimensional, 
and volumetric) and log transformation of lesion 
measurement; time points (two fixed points, 
maximum and average over the study duration), 
including baseline and first or second cycle or 
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A B

C D E

Fig 3. Measurable and 
nonmeasurable disease.  
(A and B) If there is no  
measurable disease, then  
no tumor imaging biomarker  
can be extracted. (C) If a  
lesion is measurable accord-
ing to Response Evaluation 
Criteria in Solid Tumors  
(RECIST) 1.1, radiologists  
can segment the tumor.  
(D and E) The three different  
colors show the contours 
delineated by three different 
radiologists in three dimen-
sions (volume rendering) by 
using the semi-automated 
segmentation described in 
the Patients and Methods 
section. 

Table 3. HRs in Vol-PACT Versus Original Phase III Clinical Trials Results

Original Phase III Clinical Trials Vol-PACT

Trial 
No. Trial ID

End 
Point

No. of 
Patients HR (95% CI) P

No. of 
Patients 

(% 
Original) HR (95% CI) P

11 VELOUR OS 1,226 0.82 (0.71 to 0.93) .003 922 (75) 0.76 (0.65 to 0.88) < .001

PFS 0.76 (0.66 to 0.87) < .001 0.68 (0.59 to 0.81) < .001

22 VEG105192 OS 435 0.91 (0.71 to 1.16) NA 314 (72) 1.00 (0.76 to 1.32) .988

PFS 0.46 (0.34 to 0.62) < .001 0.39 (0.29 to 0.52) < .001

33 COMPARZ OS 1,110 0.91 (0.76 to 1.08) NA 881 (79) 0.91 (0.77 to 1.08) .290

PFS 1.05 (0.90 to 1.22) NA 1.08 (0.92 to 1.28) .363

4a4 20050203–
KRAS WT

OS 656 0.88 (0.73 to 1.06) .170 568 (87) 0.89 (0.73 to 1.08) .243

PFS 0.80 (0.67 to 0.95) .010 0.79 (0.66 to 0.95) .011

4b4 20050203–
KRAS MT

OS 440 1.17 (0.95 to 1.45) .140 370 (84) 1.15 (0.92 to 1.44) .218

PFS 1.27 (1.04 to 1.55) .020 1.22 (0.99 to 1.51) .063

Total 3,867 3,055 (79)

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival; Vol-PACT, Advanced Metrics and Modeling With Volumetric Computed Tomography 
for Precision Analysis of Clinical Trial Results.
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midpoint of planned treatment (6 months if the 
plan is to treat until progression); and aggrega-
tion (of time points, tumor burden, lesion profile, 
and heterogeneity in response). We approach 
this challenge by simulating the transition from 
phase II to phase III trials by using a resampling 
strategy to generate 1,000 randomized phase II 
trials from a given phase III data set. We are then 
able to calibrate the sensitivity, specificity, and 
predictive values of the new imaging metrics for 
the best prediction of the necessary difference 
magnitude between two trial arms to call a trial 
positive or negative.

Our benchmark standards will be RECIST 1.1, 
immune-related RECIST,34 and CRFs. The ref-
erence metric will be RECIST ORR, a standard 
regulatory end point for single-agent anticancer 
therapy efficacy in phase II trials.35 In our three 
arms of patients who received immune check-
point inhibitors (anti–programmed death 1 and 
anti–cytotoxic T-cell lymphocyte-4), we also will 
evaluate immune RECIST, including immune 
PFS. Vol-PACT has been closely collaborating 
with the European Organization for Research 
and Treatment of Cancer to generate consensus 
guidelines in immuno-oncology trials. CRFs are 
a potentially flawed but highly scalable resource 
given their wide availability. We will determine 
the reliability of completed CRF data and share 
CRF data with the European Organization for 
Research and Treatment of Cancer. To date, we 
received CRFs from four of eight clinical trials. In 
addition, we will evaluate how advanced metrics 
derived directly from imaging (eg, surrogate of 
shape, heterogeneity, necrosis, vascularity) as 

well as complete information about nontarget 
lesions and new lesions improve drug develop-
ment compared with CRFs.

In conclusion, medical imaging end points are 
widely used in drug discovery and clinical trials 
to determine treatment effect through calculation 
of response rate and PFS. Historically, imaging 
end points have been determined through col-
lection of serial measurements of simple tumor 
diameters, a limited approach that incompletely 
captures tumor burden and treatment effect. As 
an alternative, we studied the feasibility of cen-
tral collection of CT images from landmark clin-
ical trials to allow semi-automated calculation of 
tumor burden and treatment effect by aiming 
to develop a data set that will permit the study 
of alternate imaging-based trial end points. We 
find that advanced tumor burden measurement 
can be extracted in 80% of patients from com-
pleted randomized trials without biasing primary 
trial end point analysis. These methods could 
allow the widespread study of kinetics of tumor 
response and progression as well as of spatial 
and temporal heterogeneity, which would facil-
itate translational analysis of trial results and 
guide individual patient care. Most importantly, 
the size and complexity of such well-annotated 
imaging data sets should not be an impediment 
to creative analysis ideas because through such 
analysis, we create an opportunity to advance 
the clinical application of imaging science.
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