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A B S T R A C T

Purpose
We sought to test and validate the predictive utility of trichotomous tumor response (TriTR;

complete response [CR] or partial response [PR] v stable disease [SD] v progressive disease [PD]),
disease control rate (DCR; CR/PR/SD v PD), and dichotomous tumor response (DiTR; CR/PR v
others) metrics using alternate cut points for PR and PD. The data warehouse assembled to guide
the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 was used.

Methods
Data from 13 trials (5,480 patients with metastatic breast cancer, non—-small-cell lung cancer,

or colorectal cancer) were randomly split (60:40) into training and validation data sets. In all, 27
pairs of cut points for PR and PD were considered: PR (10% to 50% decrease by 5%
increments) and PD (10% to 20% increase by 5% increments), for which 30% and 20%
correspond to the RECIST categorization. Cox proportional hazards models with landmark
analyses at 12 and 24 weeks stratified by study and number of lesions (fewer than three v
three or more) and adjusted for average baseline tumor size were used to assess the impact
of each metric on overall survival (OS). Model discrimination was assessed by using the
concordance index (c-index).

Results

Standard RECIST cut points demonstrated predictive ability similar to the alternate PR and PD cut
points. Regardless of tumor type, the TriTR, DiTR, and DCR metrics had similar predictive
performance. The 24-week metrics (albeit with higher c-index point estimate) were not meaning-
fully better than the 12-week metrics. None of the metrics did particularly well for breast cancer.

Conclusion
Alternative cut points to RECIST standards provided no meaningful improvement in OS prediction.

Metrics assessed at 12 weeks have good predictive performance.

J Clin Oncol 32:841-850. © 2014 by American Society of Clinical Oncology

time-to-event outcomes (progression-free survival
[PFS] and overall survival [OS]) in subsequent

The high failure rate of phase III trials in oncology is
potentially attributable to inaccurate efficacy predic-
tions from the hypothesis-generating prior phase II
trials." Historically, phase II trials have used tumor
response rate as the primary end point (assessed as
early as 7 or 8 weeks after treatment initiation), in
which response is assessed via the Response Evalua-
tion Criteria in Solid Tumors (RECIST) criteria.”>
Per RECIST, the patient-level objective status is de-
termined on the basis of unidimensional tumor
measurements of the target lesions, nontarget le-
sions, and new lesions. A primary concern regarding
the use of tumor response as a phase II trial end
point is the demonstrated lack of concordance be-
tween response rates in phase II trials and the typical

phase III studies.*> This may be attributed to two
main limitations of response: first, the assignment
into “response” and “no response” categories on the
basis of cut points derived from historic measurement
error considerations as opposed to associations with
outcome.>” Specifically, a partial response (PR) is de-
fined according to RECIST 1.1 criteria as at least a
30% decrease in the sum of the longest diameter of
target lesions, taking as a reference the baseline sum of
longest diameters; progressive disease (PD) is defined
as at least a 20% increase, taking as a reference the
smallest recorded sum or appearance of a new lesion
(and at least 5 mm absolute increase in version 1.1), or
new lesion recorded (with additional [**F]fluorode-
oxyglucose positron emission tomography assessment
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Total number of patients from
13 trials: 3 tumor types
(N =8,062)
Breast cancer (n=2,328) NSCLC (n=4,381) Colorectal cancer (n=1,353)
Excluded Excluded Excluded
All measurements from (n=521) All measurements from (n=13) All measurements from (n=2)
clinical evaluations clinical evaluations clinical evaluations
No measurements (n=297) No measurements (n=933) No measurements (n=16)
Have at least one (n=1,510) Have at least one (n =3,435) Have atleast one (n=1,335)
measurement from measurement from measurement from
imaging assessments imaging assessments imaging assessments
Excluded Excluded Excluded
No baseline (n=13) No baseline (n=13) No baseline (n=0)
measurements measurements measurements
No postbaseline (n=53) No postbaseline (n =300) No postbaseline (n=92)
measurements measurements measurements
Conflicting responses (n=193) Conflicting responses (n=79) Conflicting responses (n=6)
or measurements at or measurements at or measurements at
same assessment time same assessment time same assessment time
Nonconflicting baseline and  (n=1,251) Nonconflicting baseline and  (n = 3,043) Nonconflicting baseline and  (n=1,237)
postbaseline measurements postbaseline measurements postbaseline measurements
Excluded Excluded Excluded
No lesions measured (n=32) No lesions measured (n=10) No lesions measured (n=9)
consistently across all consistently across all consistently across all
assessments assessments assessments
Final analysis set (n=1,219) Final analysis set (n=3,033) Final analysis set (n=1,228)
| | |
1 1 1 1 1 1
Training Validation Training Validation Training Validation
(n=734) (n = 485) (n=1,822) (n=1,211) (n =740) (n = 488)
| | | |
Week 12 Week 24 Week 12 Week24  Week 12  Week 24 Week 12 Week24  Week 12  Week 24 Week 12 Week 24 Patients with
(=325, (n=188; (n=221; (=112 (n=1,183; (n=260; (n=806; (n=185  (n=454; (n=298; (n=319;, (n=232 iszss\fggfxmgw”
44%) 26%) 46%) 23%) 65%) 14%) 67%) 15%) 61%) 40%) 65%) 48%)  (see Fig A1)*

Fig 1. CONSORT diagram. (*) Twelve- and 24-week subsets are unique and created according to scenarios 1, 2, 3, and 6 in Appendix Figure AT1. NSCLC, non-small-cell

lung cancer.

inversion 1.1). Second, the lack of distinction between stable disease (SD)
and minor PD: the inability of the RECIST definition for SD to distinguish
among patients whose tumors increase although not enough to be classi-
fied as progression, patients whose tumor measurements decrease
although not enough to be classified as response, and patients
whose tumor measurements are truly stable (neither increase
nor decrease).

Alternate categorical end points have been explored and pro-
posed to address some of these concerns.® ! For example, nonpro-
gression rate or the disease control rate (DCR) classifies patients
who achieve SD for an extended period of time as a success, in
addition to those who achieve complete response (CR) or PR. DCR
was shown to be superior to response rate in predicting survival in
the setting of non-small-cell lung cancer (NSCLC).*? A trichoto-
mous tumor response (TriTR) has also been considered, in which
response is categorized into CR/PR versus SD versus PD.”!" With
the advent of targeted therapies that prolong disease stabilization,
patients may experience SD rather than tumor shrinkage (CR/PR).
Ignoring SD when assessing treatment efficacy, as is the case with
the RECIST dichotomous tumor response (DiTR) metric, is there-
fore not appropriate. The TriTR metric recognizes the survival ben-

842 © 2014 by American Society of Clinical Oncology

efitassociated with SD by placing such patients into their own category
rather than combining them with the CR/PR (as with the dichoto-
mous DCR metric) or with the PD (as with the DiTR metric) catego-
ries. We previously reported that confirmation of response had no
impact on concordance with survival and, in particular, that response
status at earlier time points performed as well as confirmed response.''
In addition, we found that TriTR may improve prediction of
subsequent survival compared with RECIST-based response met-
rics."" Although these findings suggest the potential for additional
improvement on RECIST-based response metrics, they were not
validated by using data from additional trials or by using a large
database. Moreover, the cut point definitions used in RECIST have
never been systematically examined regarding their optimality for
predicting long-term survival outcomes, especially if other catego-
rizations into the four groups (CR, PR, SD, PD) enhance predic-
tion of survival outcomes.

In this study, we sought to systematically evaluate potential alter-
nate cut points for PR and PD besides the RECIST cut points and then
examine alternate classifications of tumor metrics for predicting OS by
using the database that was assembled to guide the development of the
RECIST 1.1 criteria.’
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A | PRI(50), PD(20), N(325) | B | PRIS0), PD(20), N(1185) | C | PR(50), PD(20), Ni454)
PR(50)= PD(15), N(324) | } PR(50), PD(15), N(1180) | } PR(50) PD(15! N(454)
PR(EO)I, PD(10), N(323) | | PR(50), PD(10), N(1159) | | PR(50), PD(10)I, N(448)

| PR(45), PD(20), N(325) | | PR(45), PD(20), N(1185) | | PR(45), PD(ZOE, N(454)
| PR(45), PD(15), N(324) | | PR(45), PD(15), N(1180) | } PR(45), PD(15! N(454)
| PR(45), PD(10), N(323) | | PR(45), PD(10), N(1159) | } PR(45), PD(10¥ N(448)
| PR(40), PD(20), N(325) | | PR(40), PD(20), N(1185) | | PR(40), PD(20), N(454) |
| PR(40), PD(15), N(324) | | PR(40), PD(15), N(1180) | | PR(40), PD(15LI, N(454)
| PR(40), PD(10), N(323) | | PR(40), PD(10), N(1159) | | PR(40), PD(10), N(448) |
| PR(35), PD(20), N(325) | PR(35), PP(ZO) N(1185) | | PR(35), PD(20), N(454) |
| PR(35), PD(15), N(324) | | PR(35), PD(15), N(1180) | | PR(35), PD(15), N(454) |
| PR(35), PD(10), N(323) | | PR(35), PD(10), N(1159) | | PR(35), PD(10), N(448) |
} PR(30), PD(20) N(SZIB) PR(30), PP(ZO) N(1185) | | PR(30), PD(20), N(454) |
| PR(30), PD(15), N(32¢) |_PRI30), PD(15), N(1180) | | PRIS0) PD(1S), N454) |
| PR(30), PD(10), N(32) | PR(30). PD(10), N(1159) | |_PR30L PDIO), N448) |
| PR(25), PD(20), N(325) | | PR(25), PD(20), N(1185) | PR(25), PD(Z?) N(454) |
| PR(25), PD(15), N(324) | | PR(25), PD(15), N(1180) | PR(25), PD(1?) N(454) |
| PR(25), PD(10), N(323) | | PR(25), PD(10), N(1159) | PR(25), PD(1P), N(448) |
| PR(20), PD(20), N(325) | | PR(20), PD(20), N(1185) | | PR(20), PD(20), N(454) |
| PR(20), PD(15), N(324) | | PR(20), PD(15), N(1180) | | PR(20), PD(15), N(454) |
| PR(20), PD(10), N(323) | | PR(20), PD(10), N(1159) | | PR(20), PD(10), N(448) |
| PR(15), PD(20), N(325) | | PR(15), PD(20), N(1185) | PR(15), PD(ZP), N(454) |
| PR(15), PD(15), N(324) | | PR(15), PD(15), N(1180) | PR(15), PD(l?), N(454) |
| PR(15), PD(10), N(323) | | PR(15), PD(10), N(1159) | PR(15), PD(1F) N(448) |
| PR(10), PD(20), N(325) | | PR(10), PD(20), N(1185) | PR(10), PD(Z?), N(454) |
| PR(10), PD(15), N(324) | | PR(10), PD(15), N(1180) | | PR(10), PD(15), N(454) |
| PR(10), PD(10), N(323) | | PR(10), PD(10), N(1159) | PR(10), PDHP) N(448) |
T T T T T T T T . T T T T . T — T
2, o‘%&o,%o‘%o@ o,‘%fo,%o@)&o,& 0'6’9;‘%0‘%0') 055 0575 06 0625 065 0675 0.7 2, o,d%o,% q%o,& %, %5 %, % O')Qf
C-Index C-Index C-Index

Fig 2. Forest plots of the concordance indices (c-indices) and associated 95% Cls for (A) breast cancer, (B) non-small-cell lung cancer, and (C) colorectal cancer using
alternate partial response (PR) and progressive disease (PD) cut points for overall survival with the trichotomous tumor response metric on the training data sets. N(x),
number of patients evaluable for the respective analysis.

and 2005 into 13 phase III trials in metastatic breast cancer, NSCLC, and
METHODS colorectal cancer. The details of the trials and the disease assessment

schedules can be found in the original report.” The data used in the analysis

RECIST 1.1 Data Warehouse included 5,480 patients as shown in the CONSORT diagram (Fig 1). A total
The RECIST database includes cycle-by-cycle and lesion-by-lesion ~ of 1,219 patients with breast cancer, 3,033 with NSCLC, and 1,228 with
tumor measurements from 8,062 patients who were enrolled between 1993 colorectal cancer were included in the final analysis, with 3,409 deaths (817

www.jco.org © 2014 by American Society of Clinical Oncology ~ 843
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, PR(50), PD(20), N(232)

PR(50), PD(15). N(221)

| PR(50), PD(10), N(21=9)

| PR(45), PD(20), N(Z?Z)

| PR(45), PD(15), N(22|1)

| PR(45), PD(10) N(Z‘IIQ)

| PR(40), PD(20), N(ZZIZ)

| PRI40), PD(15), N(221) ,
1

| PR(40), PD(10), N(219) |

| PR(35), PD(20), N(ZZIZ)

| PR(35), PD(15), N(221) |
1

| PR(35), PD(10), N(219) |
1

| PR(30), PD(20) N(ZZIZ)

. PR30}, PD(15), N(221) ,
1

, PR(30), PD(10), N(219)

| PR(25), PD(20), N(Z?Z)

| PR(25), PD(15), N(221) |

| PR(25), PD(10), N(219) |
1

| PR(20), PD(20), N(222) |
1

| PR(20), PD(15), N(221) |

| PR(20), PD(10), N(219) |

| PR(15), PD(20), N(222) |
1

| PR(15), PD(15), N(221) |
1

| PR(15), PD(10), N(219) |

| PR(10), PD(20), N(22|2)

PR(10), PD(15), N(221) |
1

PR(10), PD(10), N(219) |

| PR(50), PD(20), N(807)
I

| PR(50), PD(15), N(802)

PR(50), PD(10), N(788)

| PR(45), PD(20), N(807)
f

| PR(45), PD(15), N(802)

PR(45), PD(10), N(788)

| PR(40), PD(20), N(807)
I

| PR(40), PD(15), N(802)

PR(40), PD(10), N(788)

| PR(35), PD(20), N(807)

| PR(35), PD(15), N(802)
I

PR(35), PD(10), N(788)

| PR(30), PD(20), N(807)

| PR(30), PD(15), N(802)
I

PR(30), PD(10), N(788)

| PR(25), PD(20), N(807)

| PR(25), PD(15), N(802)

| PR(25), PD(10), N(788)
I

| PR(20), PD(20), N(807)
I

| PR(20), PD(15), N(802)

PR(20), PD(10), N(788)

| PR(15), PD(20), N(807)
I

| PR(15), PD(15), N(802)
I

PR(15), PD(10), N(788)

\ PR(10), PD(20), N(807)
I

| PR(10), PD(15), N(802)
I

PR(10), PD(10), N(788)

PR(50), PD(?O), N(319) |

PR(50), PD(IIS) N(318) |

PR(50), PD(.I10), N(316) |

__PR5), PD(20}, N(319) ,
I

| PR(45), PD(15), N(318) |

| PR(45), PD(10), N(316) |

PR(40), PD(R0), N(319) ,

PR(40), PD(j5), N(318) ,

| PR(40), PD(10), N(316) |

PR(35), PD(?O) N(319) |

PR(35), PD(]S), N(318) |

PR(35), PD(Il[l), N(316) |

PR(30), PD(IZU) N(319) |

PR(30), PD(=15), N(318) |

__PR(30), PD(10), N(316) |
I

| PR(25), PD(20), N(319) |

| PR(25), PD(15), N(318) |

__PR(25), PD(10), N(316) ,
I

| PR(20), PD(20), IN(319)

| PR(20), PD(15), IN(318)

| PR(20), PD(10), IN(31B)

.__PR(15), PD(20), N(319) |
! 1

. PR(15), PD(15), N(318) |
! 1

| PR(15), PD(10), N(316) |

__PR(10), PD(20), N(319) |
! 1

.__PR(10), PD(15), N(318) |
! 1

| PR(10), PD(10), N(316) |

T T L T LI
1

17 17 17 17 17 17 17 17
RIS 5)& T TG % O,

C-Index

T
o, 0, O 17
$ % “5\)‘5\.6 .6‘8‘5‘ .6:f .6\)‘$¢) ‘)e‘f .%f

C-Index

Fig 3. Forest plots of the concordance indices (c-indices) and the associated 95% Cls for (A) breast cancer, (B) non-small-cell lung cancer, and (C) colorectal cancer
using alternate partial response (PR) and progressive disease (PD) cut points for overall survival with the trichotomous tumor response metric on the validation data

sets. N(x), number of patients evaluable for the respective analysis.

breast cancer, 1,928 NSCLC, 664 colorectal cancer) and 3,428 progression
events (762 breast cancer, 1,911 NSCLC, 755 colorectal cancer), with six
patients having PD at the time of death (four breast cancer; two NSCLC).
Of the progression events, 1,015 were the result of the growth of target
lesions (ie, measurements available at the time of disease progression), 246
were the result of the occurrence of new lesions (ie, no measurements on

844  © 2014 by American Society of Clinical Oncology

target lesions recorded), 122 were the result of progression from nontarget
lesions (ie, no measurements on target lesions recorded), and 67 were the
result of both growth of new lesions and progression from nontarget
lesions (ie, no measurements on target lesions recorded). In addition,
1,978 patients had PD documented by more than one criterion (measure-
ments available at the time of PD).
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Data Analyses

Within each tumor type, data were randomly split 60:40 into training
and validation data sets, stratified by survival and progression status and
whether the observed assessments were within 2 weeks of protocol expected
assessments based on a sliding window (closest available assessment withina
2-week window). A landmark analysis approach was used at the 12- and
24-week time points. Lesions that were consistently measured at all assess-
ments up until 12 or 24 weeks or the closest available assessment within a *

2-week window were used, as was done in studies by Hillman et al'* and An et
al.'! In particular, the 12- and 24-week landmark analyses included patients
who were alive and progression-free at 12 or 24 weeks with at least one
postbaseline measurement within the first 12 or 24 weeks or who had PD
within the landmark time window (Appendix Fig A1, online only). Although
prior work suggests that earlier time points (eg, at 8 weeks) may be reasonable
phase II end points,® the studies in this data warehouse have an assessment
schedule of every 3 or 4 weeks, which is consistent with a 6-, 12-, or 24-week

Training Data Sets Validation Data Sets
A | _C:0.54, DiTR at 12 Weeks | _C:0.53, DiTR at 12 Weeks
I 1 I 1
| _ C:0.63, DiTR at 24 Weeks | | _C:0.61, DiTR at 24 Weeks ,
I 1 I 1
| C: 0.54, TriTR at 12 Weeks | C: 0.54, TriTR at 12 Weeks
I e 1 I e 1
\ C: 0.65, TriTR at 24 Weeks \ C: 0.60, TriTR at 24 Weeks |
I e 1 I e 1
| o.C:0.54 DCR at12Weleks | o C:0.55, DCR at]ZWeeks:
\ _C:0.62, DCR at 24 Weeks | _C:0.57, DCR at 24 Weeks |
I 1 I 1
T T T T T T T T T T T T T T T T T T T T T T T T T
040 044 048 052 056 060 064 068 072 076 080 084 034 038 042 046 050 054 058 062 066 070 0.74 078 0.82
C-Index (95% CI) C-Index (95% CI)
B | _C:0.60, DiTR pt 12 Weeks | . C:0.57, DiTR af 12 Weeks
I 1 I 1
| C:0.64, DiTR at 24 Weeks | | C: 0.61, DiTR at 24 Weeks |
I e 1 I e 1
\ C: 0.63, TriTR at 12 Weeks | C:0.59, TriTR g} 12 Weeks
I e 1 I e
L .C:0.68 TriTR at 24 Weeks \ _C:0.63, TriTR at 24 Weeks |
I 1 I 1
\ _(:0.62, DCR gt 12 Weeks ! _C:0.58, DCR at;12 Weeks
I 1 I 1
\ . C:0.67, DCR at 24 Weeks | | . C:0.64, DCR at 24 Weeks |
I 1 I 1
T T T T T T T T T T T T T T T T T T T
0.50 0.54 0.58 0.62 0.66 0.70 0.74 0.78 0.82 0.44 048 0.52 056  0.60 0.64  0.68 0.72 0.76 0.80
C-Index (95% Cl) C-Index (95% Cl)
C \ _ C:0.58, DiTR at 12 Weeks | _C:0.64, DiTR at 12 Weeks
I 1 I 1
| C:0.62, DiTR at 24 Weeks | | C:0.64, DiTR at 24 Weeks |
I e 1 I e 1
| C: 0.62, TriTR at 12,Weeks | C: 0.64, TriTR at 12 Weeks
I e 1 I e 1
\ . C:0.66, TriTR at 24 Weeks | | o C:0.65 TriTR at 24 Weeks
I e 1 I e 1
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Fig 4. Forest plots of the concordance indices (c-indices) and the associated 95% Cls for (A) breast cancer, (B) non-small-cell lung cancer, and (C) colorectal cancer
from the 12- and 24-week landmark analyses for the three categorical metrics using the training and validation data sets. DCR, disease control rate; DiTR, dichotomous

tumor response; TriTR, trichotomous tumor response.
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common assessment time point, thus making the 12- and 24-week analyses
logistically relevant. Appendix Table Al (online only) lists the numbers of
patients with postbaseline assessments until 24 weeks, and Figure 1 lists the
numbers of patients evaluable for the 12- and 24-week landmark analyses.

In all, 27 pairs of unique cut points for PR and PD categorization were
considered: PR (10% to 50% decrease by 5% increments) and PD (10% to
20% increase by 5% increments), in which the pair (30%, 20%) corresponds to
the RECIST cut points. Determination of PD was made on the basis of pro-
gression of target lesions (by using these alternate cut points) and included
progression based on nontarget lesions and/or occurrence of new lesions. For
each possible cut point, three metric classifications were considered: DiTR
(CR/PR v SD/PD), TriTR (CR/PR v SD v PD), and DCR (CR/PR/SD v PD).
Forest plots were used to visually present these results.

At each landmark time point of 12 and 24 weeks for each tumor type, by
using each of the three metric classifications and for each of the 27 cut point pairs,
a Cox proportional hazards model for OS was fit on the training data set. The
models were stratified by study and number of consistent lesions (fewer than three
and three or more), defined as the lesions that were consistently assessed at baseline
and at all follow-up assessments. All models were adjusted for the average baseline
tumor size defined as the sum of one-dimensional baseline tumor measurements
of consistent lesions divided by the number of consistent lesions. The concordance
index (c-index) along with 95% CI was used as the criterion to select the optimal
cut point pair for each tumor type, for each time point, and for each metric
dlassification.'*"' Specifically, the 95% ClIs for the difference in the c-indices were
computed to determine whether they included zero.'® The c-indices in the context
of time-to-event data are a measure of model discrimination computed as the
fraction of all evaluable pairs that are concordant. They range from 0.0 to 1.0, where
0.5 indicates a completely random prediction, 1.0 indicates perfect prediction, and
values less than 0.5 indicate prediction in the opposite direction (ie, higher risk
scores indicate better survival). These findings were then confirmed in the valida-
tion data set; specifically, the c-indices were obtained by comparing the observed
OS in the validation data set with the predicted OS obtained by fitting the model
estimates from the training data set to the validation data set. P values = .05 were
considered statistically significant.

The median number of consistent lesions by tumor type were one for
breast cancer (range, one to seven), two for colorectal cancer (range, one
to nine), and two for lung cancer (range, one to 10). The distribution of
the average baseline tumor size (measured in millimeters) is given in
Appendix Figure A2 (online only). NSCLC and colorectal cancer tumors
had higher mean and median average baseline tumor size values com-
pared with breast cancer tumors. The distribution of the numbers of
patients that fall into the categories of PR, SD, and PD based on the
alternate cut points for PR and PD is depicted in Appendix Figure A3
(online only) for the 12-week data set for the training and validation sets
for each tumor type. As expected, a larger percentage of patients are
categorized under SD as the cut point for PR progressively increases from
10% to 50%. The alternate cut points for PR and PD provided no mean-
ingful improvement in prediction for outcome (OS) for any of the three
metric classifications considered for the three tumor types at either
landmark time point because all of the 95% ClIs for the differences
in c-indices contained zero. These results were confirmed in the
respective external validation of the c-indices. Figures 2 and 3
depict example forest plots of c-indices (and the associated 95%
ClIs) obtained from the 12-week landmark analysis for the TriTR
metric by using alternate PR and PD cut points in the training and
validation sets for each tumor type (the plots for the DiTR and the
DCR metrics were similar). Thus, the published RECIST cut points
for PR and PD of 30% and 20% demonstrated predictive ability for

WwWw.jco.org

OS similar to that of the alternate PR and PD cut points for all
metrics, all tumor types, and at both time points (12 and 24 weeks).

Next, we assessed the predictive ability of the three metric classifica-
tions by using the published RECIST cut points. The Cox proportional
hazards model results and forest plots of c-indices (95% Cls) for the three
metrics and two time points that use RECIST cut points on the training
sets for each tumor type are given in Table 1 and Figure 4. All of the metrics
were statistically significant for OS prediction. Although the point esti-
mates for c-index for the TriTR metrics at 24 weeks were marginally better
for all tumor types, the 95% ClIs for the differences included zero. The
c-indices for breast cancer models were much lower than those for colo-
rectal cancer and NSCLC. The point estimates for the externally validated
c-indices were lower than those obtained from the training models for all
three tumor types across the three metrics for the 12- and 24-week time
points: 0.53 to 0.58 for breast cancer (training, 0.54 to 0.65), 0.56 to 0.64
for colorectal cancer (training, 0.58 to 0.66), and 0.58 to 0.63 for NSCLC
(training, 0.60 to 0.68; Table 2).

For comparison, we also fit a Cox model with progression status
as a time-dependent covariate by using data available over the entire
follow-up (ie, no landmark analysis and including all patients who had
a baseline and postbaseline assessment) for each tumor type (without
splitting into training or validation data sets) to serve as a benchmark
for the theoretically “best” model. It is important to note that this
approach does not suggest an obvious metric nor does it allow for early
assessment. The time-dependent c-indices'® for breast cancer, colo-
rectal cancer, and NSCLC are 0.60 (95% CI, 0.57 to 0.62), 0.66 (95%
CI,0.63 t0 0.68), and 0.66 (95% CI, 0.64 to 0.67), respectively, which is
within the range of the c-indices for the other metrics considered for
colorectal cancer and NSCLC but is higher for breast cancer compared
with the categorical metrics.

Kaplan and Meier curves of subsequent OS based on the response
status at 12 or 24 weeks (without splitting into training or validation data
sets) indicate that patients with PD did worse compared with those with
non-PD, with some separation between the SD and the PR categories for
colorectal cancer and NSCLC, respectively (Fig 5). Comparing the re-
sponse status categories of CR/PR to SD, SD to PD, and CR/PR to PD
revealed no statistically significant differences in OS between CR/PR and
SD except for colorectal cancer at 12 and 24 weeks, and NSCLC at 12
weeks. Survival for patients with CR/PR (and SD) was statistically signifi-
cantly different from PD for all three tumor types for both time points. All
three metrics except the DiTR metric at 12 weeks for breast cancer were
statistically significantly associated with subsequent OS.

Table 2. Validation Data Set C-Indices Generated by Using the Model
Estimates From the Training Data Set

Breast Cancer Colorectal Cancer NSCLC

Metric 12-Week 24-Week 12-Week 24-Week 12-Week 24-Week
DiTR (CR/PR v

SD/PD) 0.53 0.57 0.56 0.62 0.58 0.60
TriTR CR/PR v

SD v PD) 0.54 0.58 0.63 0.64 0.60 0.63
DCR (CR/PR/

SD v PD) 0.54 0.57 0.62 0.64 0.60 0.63

Abbreviations: C-index, concordance index; CR, complete response; DCR,
disease control rate; DiTR, dichotomous tumor response; NSCLC, non-small-
cell lung cancer; PD, progressive disease; PR, partial response; SD, stable
disease; TriTR, trichotomous tumor response.
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Fig 5. Kaplan-Meier curves for subsequent overall survival for (A) breast cancer, (B) non-small-cell lung cancer, and (C) colorectal cancer using the response status
at 12 (left panels) and 24 (right panels) weeks. CR, complete response; DCR, disease control rate; DiTR, dichotomous tumor response; PD, progressive disease; PR,

partial response; SD, stable disease; TriTR, trichotomous tumor response.

The RECIST criteria are simple, clinically relevant, and easy to imple-
ment. Although alternate categorical end points based on published
RECIST cut points have been explored, this is, to the best of our
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knowledge, the first systematic assessment of potential alternate cut
points for PR and PD besides the RECIST categorization. Similarly,
although several prior studies have suggested the potential for addi-
tional improvement on RECIST-based response metrics, such find-
ings have not been validated by using data from additional trials or by
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using a large database. In addition, much of the previous work has
focused on statistical significance (through the use of hazard
ratios and P values) for selection of metrics compared with
discriminatory ability (through the use of c-index) in this anal-
ysis.'” Our study sought to assess both of these aims by using the
RECIST 1.1 data warehouse, the largest assembled database on
record containing lesion-by-lesion measurements over time
across tumor types. A total of 27 pairs of unique cut points for
PR and PD categorization were considered, in which the pair
(30%, 20%) corresponds to the RECIST categorization. Our
analysis demonstrates that alternate cut points have OS predic-
tive ability similar to that of the published RECIST cut points
for the three metric classifications considered and across all
tumor types and at both landmark analysis time points (12 and
24 weeks). There was a statistically significant difference be-
tween CR/PR and SD status for patients with colorectal cancer
based on the 12- and 24-week landmark analyses, thus lending
support to the use of the TriTR metric as reported previ-
ously.”'" The RECIST definition for SD does not distinguish
patients with true SD from those with a minor increase or minor
decrease. The TriTR metric puts SD patients into their own
category unlike the DiTR or the DCR metrics. However, regard-
less of tumor type, the three investigated categorical metrics
(TriTR, DiTR, and DCR) demonstrated similar predictive per-
formance for OS. Although the 24-week metrics had slightly
improved point estimates for c-indices compared with the 12-
week metrics, the 95% ClIs for the difference in the c-indices for
the different metrics included zero, indicating that assessing
these metrics at 12 weeks might be sufficient. None of the
metrics did particularly well for breast cancer. The CIs for some
of the c-index comparisons were wide, suggesting that the re-
sults be interpreted with caution; however, most were symmet-
rical about zero, indicating sufficient overlap.

Several limitations of this work need special attention.
First, these analyses used data from only three tumor types from
trials that did not use modern regimens, including targeted
agents, which clearly influence the biology of cancers. More-
over, these trials were conducted a decade ago or more, and
imaging technology has clearly improved in the interim. Sec-
ond, a complete case analysis was performed, excluding those
lesions that were not measured consistently over time. Third,
the analysis was limited by the fact that RECIST progression
definitions were used in trials as criteria to end therapy; specif-
ically, alternative cut points examined were constrained in that
there were no measurements beyond RECIST progression.
Thirteen percent of patients had no measurements documented

at the time of PD resulting from progression from new lesions,
clinical deterioration, or inability to document necrotic tumors,
which present with the same dimensions but are likely respond-
ing to therapy. In addition, patients with breast cancer for
whom the determination of response was done by clinical eval-
uation (physical examination) alone (ie, palpable lymph nodes)
were excluded because these were not as reliable as response
determined by standard imaging criteria.

The choice of the end point and the use of landmark analysis also
needs to be considered. The use of OS as the end point for evaluating
the utility of these metrics in the first-line setting is obscured by
subsequent therapies, as demonstrated by the modest c-indices for all
of the metrics considered. This leads to the question of whether alter-
nate end points such as PFS should have been considered. The use of
PFS to assess the utility of these metrics would alleviate the concerns of
influence from later-line therapies; however, this analysis used a land-
mark approach whereby only patients alive and progression-free by 12
or 24 weeks or who had PD within the landmark time window were
included. Given the relatively short median PFS in this advanced
disease population (median PFS for colorectal cancer, 8.2 months;
breast cancer, 8.0 months; and NSCLC, 5.7 months), all PFS events
before the landmark time points are excluded, thus limiting the scope
of using PFS as an end point. An alternative strategy of using a com-
bination of landmark analysis and a time-dependent component for
the first 12 or 24 weeks to account for early deaths, progressions,
dropouts, and so on, or using continuous tumor size metrics based on
longitudinal tumor size models is worth exploring.'®

In summary, this analysis was undertaken to better understand
the utility of the RECIST-based response metrics. No alternative cut-
offs or alternative categorical metrics that were investigated in this
work were better than the published RECIST standards. Ongoing
work is examining imputation methods for the missing lesion mea-
surements, as well as exploring continuous tumor measurement
based metrics.
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Appendix

Table A1. No. of Patients With Postbaseline Assessments Within First 24 \Weeks

Maximum Postbaseline Assessment

Disease 1 2 3 4 5 6 7 8 9

No. of Patients
Breast cancer (n = 1,218)" 119 252 495 174 58 47 49 22 2
NSCLC (n = 3,033) 587 562 1,295 467 76 41 5 0 0
Colorectal cancer (n = 1,227)* 169 176 320 548 14 0 0 0 0

Abbreviation: NSCLC, non-small-cell lung cancer.
“One patient with postbaseline assessment occurring after 24 weeks.

Scenario 1 X X X X X X Assessment
Scenario 2 X X X B Baseline
Scenario 3 X X
Scenario 4 X X '{} = 2 week
Scenario 5 X X window
Scenario 6 X X X

' N >

B 12 Weeks

Scenario 1: Baseline assessment, assessments before window, within
window, and after window. These patients are included.

Scenario 2: Baseline assessment, assessment before window and
within window. These patients are included.

Scenario 3: Baseline assessment and assessment within window.
These patients are included.

Scenario 4: Baseline assessment and assessment before window.
These patients are not included.

Scenario 5: Baseline assessment and assessment after window.
These patients are not included.

Scenario 6: Baseline assessment, assessment during window,
and assessment after window. These patients are included.

Fig A1. Criteria for selection of patients for the 12-week landmark analysis.
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Tumor Sum (mm)

T T T
Breast Cancer NSCLC Colorectal Cancer

n 1,219 3,033 1,228
Mean 34.8 42,5 42.2
Median 30.0 375 35.0
IR 22.0-41.7 27.5-50.0 24.0-50.5
Range 2.5-187.0 6.0-240.0 7.0-390.0

Fig A2. Distribution of average baseline tumor size in millimeters (excluding outliers*), by tumor type. (*) Values outside Q3 + 1.5 interquartile range (IQR), and Q1 —
1.5 1QR are not shown. NSCLC, non-small-cell lung cancer.
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Fig A3. Frequency distribution of the numbers of patients with (A) breast cancer, (B) non-small-cell lung cancer, and (C) colorectal cancer, by tumor type, on the basis
of the 12-week data set that fall under the categories of partial response (PR), stable disease (SD), and progressive disease (PD) based on the different alternative cut
points for PR and PD.
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