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Abstract
Background: Phase III trials in metastatic colorectal cancer (mCRC) have collectively led to progressive advancements in patient outcomes 
over the past decades. This study characterizes the evolution of mCRC phase III trials through assessing the value of cancer therapy, as 
measured by the ASCO Value Framework. Methods: Phase III trial results of systemic therapy for mCRC published between 1980 and 2015 
were identified, and their outcome, statistical significance, journal impact factor, and citation by the 2016 NCCN Clinical Practice Guidelines 
in Oncology (NCCN Guidelines) for CRC were recorded. For each trial, the net health benefit (NHB) score was calculated using the June 
2015 (original) and May 2016 (revised) ASCO Value Framework: Advanced Disease. Results: There were 114 mCRC phase III trials eligible 
for calculation of the NHB score. Using the revised framework, the median NHB score was 4.6 (range, –30 to 43.5); 12% of trials received 
bonus points. Trials with statistically significant results had higher NHB scores compared with nonsignificant trials (median NHB score, 21.6 
vs 2.9; P<.0001). Clinical trials cited in the NCCN Guidelines had higher NHB scores than those not cited (median score, 8.0 vs 0.3; P=.02). In 
multivariate linear regression analysis, the only significant predictor of high NHB score was statistically significant studies. Conclusions: The 
median NHB score for mCRC phase III trials was 4.6. Higher NHB scores are associated with statistically significant studies and are cited in 
the NCCN Guidelines, a surrogate for practice-changing trials. The 2016 ASCO Value Framework may not fully capture the benefits on an 
individual patient level.
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Background
Systemic therapy for metastatic colorectal cancer 
(mCRC) has evolved over the past 20 years to incor-
porate inhibitors of angiogenesis and the epidermal 
growth factor receptor, with or without cytotoxic che-
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motherapy. This therapeutic armamentarium of poten-
tial treatment sequences has contributed to substantial 
improvements in survival. For example, the median 
overall survival (mOS) of patients with KRAS wild-type 
mCRC randomized to cetuximab and FOLFIRI in the 
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FIRE-3 trial was 33 months1; this represents a near 
doubling of the mOS reported by the pivotal trials 
that established the addition of irinotecan to fluo-
rouracil and leucovorin in 2000.2,3 These advance-
ments have shifted how we perceive the effective-
ness of mCRC therapies. In the metastatic setting, 
the value of a new cancer therapeutic encompasses 
the benefits of treatment on OS or progression-free 
survival (PFS), the impact on quality of life (QoL), 
and the economic cost and toxicity.4 For instance, 
the addition of panitumumab to combination che-
motherapy yielded a 4-month OS improvement in 
the PRIME clinical trial.5 However, this targeted 
therapy costs approximately $6,300 USD per month 
and is accompanied by cutaneous and other side ef-
fects. Value is a dynamic concept and its definition 
may change depending on the tumor site, clinical 
indication, point in time, cost, and specific patient 
interests.6 

In June 2015, ASCO published a value frame-
work that incorporated measures of clinical benefit, 
toxicity, and palliation of patient symptoms to gen-
erate net health benefit (NHB) scores.7 The “net” 
in NHB is determined by comparing a given drug to 
its comparator-control, often in a phase III random-
ized clinical trial setting. This NHB score is weighed 
against the drug’s cost to determine the overall value 
of a new cancer treatment. ASCO updated its value 
framework in May 2016 to incorporate additional el-
ements, such as QoL.8 This study evaluated the util-
ity of the ASCO Value Framework by systematically 
applying the framework to mCRC clinical trials to 
provide a concrete clinical context. This study also 
characterized the evolution of phase III clinical tri-
als in mCRC over the past 3 decades, with respect to 
NHB score, using the ASCO Value Framework. 

Methods
A systematic search for pertinent articles reporting 
phase III clinical trials of systemic therapy for mCRC 
conducted between 1980 and November 2015 were 
performed in Ovid MEDLINE (see supplemental 
eAppendix 1, available with this article at JNCCN.
org). Relevant articles were also hand-searched on 
PubMed. Interim or repeat analyses of original pa-
pers were excluded. Any trial that did not focus 
solely on the effectiveness of systemic therapy was 
excluded. Only large phase III trials with at least 

100 patients per arm were included. For trials that 
involved multiple (ie, >2) arms, the control arm and 
the investigational arm with the most efficacious  
primary end point were compared. As per the ASCO 
Value Framework, clinical trials that did not demon-
strate statistical significance in the clinical trial end 
points analyzed were included.

For each phase III trial published between 1980 
and November 2015, the NHB score was calculated 
using both the original June 2015 and the revised 
May 2016 ASCO Value Framework: Advanced 
Disease. Three blinded reviewers (D.A.E., M.K.S., 
E.R.C.) independently calculated the NHB score of 
each clinical trial; if there was disagreement, a con-
sensus was reached to determine a final score. A trial 
can obtain a negative NHB score if outcomes are su-
perior in the control arm compared with the experi-
mental arm. The revised 2016 framework awards bo-
nus points for a 50% improvement in the proportion 
of patients alive in the experimental regimen at the 
time point on the survival curve that is double the 
mOS or PFS of the control arm (tail of the curve).8 
Awarding tail-of-the-curve bonus points was deter-
mined by visually analyzing the appropriate survival 
curve. In addition, journal impact factor and cita-
tion by the 2016 NCCN Clinical Practice Guide-
lines in Oncology (NCCN Guidelines) for Colon 
and Rectal Cancers, Versions 1 and 2 (the most up-
to-date, widely used mCRC guidelines available), 
was determined.9,10 For each trial, average mOS was 
determined by dividing the sum of the mOS reported 
by the number of arms in the trial. The incremental 
cost and incremental cost-effectiveness ratio (ICER) 
of available regimens were extracted from the Cana-
dian Agency for Drugs and Technologies in Health 
pan-Canadian Oncology Drug Review (CADTH 
pCODR) Web site.11 Cost calculation includes costs 
for drug acquisition, molecular testing, resources, 
and surgical resection (eg, liver resection).11

Statistical analysis involved comparison of the 
2016 NHB scores to line of therapy, trial sample size, 
journal year of publication, impact factor, and cita-
tion by the 2016 NCCN Guidelines for CRC to iden-
tify associations. Original and revised ASCO Value 
Framework: Advanced Disease NHB scores were also 
compared to determine correlations. Comparisons 
were made using chi-square and Fisher exact test for 
categorical data. Kruskal-Wallis and t tests were used 
to compare continuous factors. ANOVA was used 

http://www.jnccn.org/content/15/8/1005/suppl/DC1
http://www.jnccn.org/content/15/8/1005/suppl/DC1
http://www.jnccn.org/content/15/8/1005/suppl/DC1
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to test change over time in reported net OS benefit. 
Testing for correlations was performed using the Pear-
son correlation coefficient. The sensitivity and speci-
ficity of various cutoff values of NHB score for pre-
dicting NCCN Guidelines citation were calculated. 
The corresponding receiver operating characteristic 
(ROC) curve was generated using SAS 9.3 (SAS In-
stitute, Cary, NC). All tests of significance (P values) 
were 2-sided. Statistical significance was represented 
by P<.05. Analysis was performed using SAS 9.3.

Results
Evolution of mCRC Trials
We identified 114 mCRC trials that met our inclu-
sion criteria (Figure 1). A trend was seen toward 
higher NHB score for second-line trials compared 
with first-line trials (median revised NHB score, 
10.00 vs 3.41; P=.07). In the 109 trials that reported 
OS data, improvements in the median net OS ben-
efit are shown in Figure 2. No significant change oc-
curred in net OS benefit over time (P=.76). Despite 
this lack of significant change, the average mOS re-
ported in all trials has increased over the decades re-
gardless of line of therapy: average mOS for first-line 

trials gradually increased from 11.6 months in the 
1995–1999 strata, to 15.5 months in the 2000–2004 
period, to 19.2 months in the 2005–2009 period, to 
20.7 months in the 2010–2015 strata (Table 1). 

Application of the ASCO Value Framework
Median revised 2016 NHB score was 4.6 (range, –30 
to 43.5; Table 1). When noninferiority trials were 
excluded, median NHB score was 5.1. A total of 12% 
of the studies obtained bonus points for improve-
ment in cancer-related symptoms, tail of the curve, 
or QoL (Table 1). No studies received treatment-free 
interval bonus points. A total of 17% of the studies 
reported a statistically significant clinical end point 
used to generate the NHB score, with OS being the 
clinical end point used for scoring in most cases. Ap-
proximately half of the studies (48%) were cited by 
the NCCN Guidelines. 

In contrast, the median NHB score using the 
original 2015 framework was 16, with approximately 
half of the studies (48%) achieving a NHB score of 
16 (Table 1). NHB scores were normally distribut-
ed using the revised framework, unlike the original 
framework (Figure 3). The revised framework dem-
onstrated moderate correlation with the original 
framework (Pearson correlation coefficient, 0.64; 
P<.0001). 

Further analyses were conducted using the re-
vised 2016 NHB scores (Table 2). The median year of 
publication for the studies analyzed was 2008. Anal-
ysis of the NHB of trials published before and after 
2008 showed no significant change in NHB (P=.3; 
Table 2). Figure 4 depicts the median NHB score 
over time. When the period from 1989 to 2015 was 

 

429 relevant articles from 1980 to
November 2015 identi�ed using a
systematic search strategy (eAppendix 1)

5 duplicate articles 
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424 unique articles
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eligibility

322 articles excluded:
   • 46 interim/repeat analyses
   • 28 clinical trials with <100 patients
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   • 35 trials not solely studying the
      ef�cacy of systemic therapy
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   • 155 trials not solely phase III
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Figure 1. mCRC clinical trials analyzed with the 2016 ASCO Value 
Framework. 
Abbreviations: mCRC, metastatic colorectal cancer; NHB, net health 
benefit.
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Figure 2. Median net overall survival (OS) benefit over time reported 
in all trials (orange line) and first-line trials only (blue line). 
Note: The time period from 1980 to 1995 had no trials meeting inclu-
sion criteria that reported OS results.
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divided into 5-year groups, no significant change was 
seen in median NHB score (P=.27; data not shown). 
The median journal impact factor for the studies in-
cluded was 18. NHB score had a weak correlation 
with journal impact factor (Pearson correlation co-
efficient, 0.25; P=.006). Trials with statistically sig-
nificant results had significantly higher NHB scores 
(median NHB score, 21.6 vs 2.9; P<.0001; Table 2). 
When NHB score was stratified by the median of 4.6, 
statistically significant studies tended to have higher 

NHB scores (89% vs 11% of statistically significant 
studies had a NHB score ≥4.6; P=.00002; Table 3). 

Clinical trials cited in NCCN Guidelines for 
CRC had higher NHB scores than those not cited 
(median NHB score, 8.0 vs 0.3; P=.02; Table 2). 
When stratified by the median revised NHB score, 
studies cited in NCCN Guidelines tended to have 
higher NHB scores (65% vs 35%; P<.001; Table 3). 
Figure 5 shows the corresponding ROC curve for 
NHB score predicting NCCN Guidelines citation 

Table 1. Study Characteristics
Revised NHB

n (%)
(N=114)

Original NHB
n (%)

(N=113)

Year, median (range) 2008 (1989–2015) 2008 (1989–2015)

Sample size of study, median (range) 485 (200–2,397) 476 (200–2,135)

NHB Mean: 4.2
Median (range): 4.6 (–30 to 43.5)

Mean: 12.2
Median (range): 16 (–10 to 32)

Toxicity score Mean: –2.4
Median (range): –1.6 (–46.8 to 9.2)

Mean: –1.02
Median (range): 0 (–20 to 0)

Original NHB score, group

<16 N/A 38 (35)

16 N/A 51 (48)

>16 N/A 18 (17)

NHB excluding noninferiority trials (n=101) Mean: 4.7
Median (range): 5.1 (–30 to 43.5)

Line of therapy (n)

First-line trials 85

Second- and third-line trials 29

  1995–1999 2000–2004 2005–2009 2010–2015

Average OS by strata, all trials (mo) 11.4 13.9 17.3 18.8

First-line trials 11.6 15.5 19.2 20.7

Second- and third-line trials 9.7 6.8 12.2 12.6

Statistically significant studies 18 (17%)

Studies cited in NCCN Guidelines 55 (48%)

Total bonus points

0 100 (87.72%)

10 13 (11.40%)

20 1 (0.88%)

Studies that received palliative bonus points 2 (1.8%)

Studies that received treatment-free interval 
or tail-of-the-curve bonus points

                0

Studies that received QoL bonus points 12 (10.5%)

Impact factor, median (range) 18 (2.0–55)

Impact factor by group, median (mean)

0–9.99 35 (31)

10–19.99 50 (44)

≥20 29 (25)

Abbreviations: N/A, not applicable; NHB, net health benefit; OS, overall survival; QoL, quality of life. 
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(AUC, 0.64). There was no association between 
revised NHB score and trial sample size or toxicity 
score. When multivariate linear regression analy-
sis was performed, the only significant predictor of 
a high revised NHB score was a statistically signifi-
cant published outcome (point estimate, 15.5; 95% 
CI, 8.1–23; P<.0001). This finding was independent 
of other variables, such as NCCN citation, journal 
impact factor, publication year, and trial sample size. 

Table 4 shows the NHB score and the associated 
incremental cost of 4 mCRC regimens for which in-
formation was publically available. The bevacizum-
ab/capecitabine regimen achieved the highest NHB 
score; however, it also had the highest incremental 
cost and ICER. Conversely, the regimen with the 
lowest incremental cost (regorafenib) did not have 
the highest NHB score. 

Discussion
Our analysis uses the ASCO Value Framework to 
describe the incremental improvements of new sys-
temic therapies established by phase III mCRC clini-
cal trials. The maximum possible NHB score is 130 
in the original framework. Due to the adoption of 
a continuous scale for assessing NHB in the revised 
2016 framework, the maximum possible NHB score 
is undefined. Median revised NHB score for phase 

III mCRC clinical trials was 4.6, establishing a bar 
for further progress. Because the revised framework  
prioritizes the hazard ratio (HR) and uses more elabo-
rate toxicity scoring, high NHB scores are difficult to 
achieve in the mCRC setting. Additionally, propor-
tionately larger sample sizes are required in patients 
with mCRC in order to achieve impressive HRs for 
the same improvement in mOS, a phenomenon that 
has been previously described.12 We observed a trend 
toward higher NHB scores in second- and third-line 
trials compared with first-line trials (10.00 vs 3.41; 
P=.07), likely due to the increased number of target-
ed therapies achieving high NHB scores in the sec-
ond- and third-line setting. In later lines of therapy, 
patients may prioritize QoL and OS over toxicity, a 
reality that is not fully captured by the NHB score.

Most studies either did not collect or found no 
improvement in cancer-related symptoms, QoL, or 
treatment-free interval with the experimental regi-
men. Our study found that only 33% of the mCRC 
clinical trials incorporated patient-reported out-
comes (PROs). Treatment-related toxicity, in the 
absence of advancements or PRO reporting, contrib-
uted to the low revised NHB scores. Prior data have 
highlighted the importance of PROs in clinical trials 
to support patient-centered decision-making in CRC 
and other cancers.13 Integration and enhancement of 

Figure 3. Histogram distribution curves of (A) revised NHB and (B) original NHB scores with 95% CI for mean.
Abbreviation: NHB, net health benefit.
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PROs in clinical trials can improve the ASCO Value 
Framework’s ability to assess clinical trial data. 

The ASCO Value Framework was designed to 
facilitate clinical decision-making for the oncolo-
gist and patient, and can only be applied to phase 
III clinical trials. Although randomized phase II tri-
als have the potential to be practice-changing in the 
era of biomarker-driven trials in molecular subsets, 
they cannot be assessed using the current ASCO 
framework. 

Cost of new therapies is critical in assessing the 
added value of a drug relative to its NHB score. We 
compared the NHB score to the incremental cost of 
28 days of therapy for 4 mCRC chemotherapy regi-
mens. The AVEX trial, demonstrating the superiority 
of bevacizumab/capecitabine over capecitabine alone 
for first-line therapy of mCRC, was the only trial that 

earned tail-of-the-curve bonus points.14 Of the 4 trials, 
it had the highest NHB score. This prompts the ques-
tion of whether the tail-of-the-curve bonus points and 
impressive HR for OS (HR, 0.79; 95% CI, 0.57–1.09; 
P=.18) justifies the nearly $40,000 USD incremental 
cost.11 This clinical trial is also an example of how the 
ASCO framework prioritizes HRs for OS over PFS, 
regardless of statistical significance. 

In contrast, in the treatment-refractory setting, 
the NHB for regorafenib versus placebo was 10, driv-
en by the poor outcome in the control arm. The in-
cremental cost was substantially lower. However, be-
cause of the toxicity and relatively small incremental 
benefit, the ICER was $141,403 per quality-adjusted 
life year.11 Ultimately, these incremental cost data 
highlight that the ASCO framework cannot be used 
to perform cross-trial comparisons, because the NHB 
score depends on the incremental differences in out-
comes between the experimental and control arms. 
The data also underscore the individual nature of the 
decision made by the oncologist and patient regard-
ing whether a new therapeutic agent’s benefits out-
weigh its harms. 

Our findings confirm that, unlike the original 
2015 framework, the revised 2016 NHB scores were 
normally distributed for mCRC trials. The use of 
HRs and more precise toxicity scoring are contribu-
tors to the more robust metric of the revised ASCO 
value assessment tool. We applaud the inclusion of 
clinical outcomes important to patients with ad-
vanced cancer in the revised ASCO Value Frame-
work: OS, QoL, and symptom palliation.12,15 Howev-
er, the ASCO framework weights the OS end point 
more heavily than PFS or response rate, regardless 
of whether there is statistical significance achieved 
in any of the end points. Our data indicate an asso-
ciation between a NHB score and published statisti-

Table 2. NHB Score Associations
Revised NHB Score

Mean NHB 
(median)

P Value
(t test)

Year class .3

Before 2008 (n=54) 5.7 (5.2)

2008 and after (n=60) 2.9 (3.7)

Impact factor, class .006

<18 –1.5 (–1.7)

≥18 6.8 (7.0)

Impact factor, group 10.0 (10.0) .008

0–9.99 –1.5 (–1.7)

10–19.99 5.0 (5.9)

≥20 –1.5 (–1.7)

Sample size .1

<485 patients (median) 2.0 (2.6)

≥485 patients 6.5 (5.3)

Significant studies

Statistically significant 18.8 (21.6) <.0001

Nonsignificant 1.5 (2.9)

Cited in NCCN, n .02

Yes 7.5 (8.0)

No 1.2 (0.3)

Total bonus points .0001

0 2.3 (3.3)

>0 18.4 (19.4)

Toxicity score .8

<–1.7 4.5 (6.6)

≥–1.7 3.9 (3.4)

Abbreviation: NHB, net health benefit.

Table 3.  NHB Score and Association With Study 
Significance and NCCN Citation

Nonsignificant  
Study

Statistically  
Significant  

Study
P Value 

(Fisher exact test)

NHB <4.6 54 (57%) 2 (11%)
.0002

NHB ≥4.6 40 (43%) 17 (89%)

NCCN Not Cited NCCN Cited
P Value 
(X2 test)

NHB <4.6 38 (64%) 19 (35%)
.001

NHB ≥4.6 21 (36%) 36 (65%)

Abbreviation: NHB, net health benefit.
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cal significance. Prior criticism of the ASCO Value 
Framework has acknowledged its inability to assess 
the methodological strength of evidence.16 Including 
a consideration of statistical significance in the clini-

cal benefit component of the NHB score can allow 
for stronger evaluation of efficacy. 

Recently, several other value frameworks have 
been developed for use in cancer care. ESMO de-
signed a tool to evaluate new cancer treatments for 
drug approval based on their magnitude of clinical 
benefit, toxicity, and QoL.17 The NCCN Evidence 
Blocks is a patient-oriented value formula that con-
siders affordability (including drug cost, required 
supportive care, infusions, toxicity monitoring and 
management, and probability of care being delivered 
in the hospital), drug efficacy and safety, quality and 
quantity of clinical data, and consistency of clini-
cal data.18 In Canada, the pCODR program provides 
evidence-based drug funding recommendations by 
considering overall clinical benefit (including effec-
tiveness, safety, burden of illness, and need), align-
ment with patient values, cost-effectiveness, and 
feasibility of adoption into health systems. These al-
ternative value assessment tools have been previous-
ly critiqued and compared with one another.6,16,19,20 
We support the inclusion of QoL in the revised 
ASCO Value Framework because it is an important 
factor for patients with advanced cancer. Addition-
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ally, inclusion of robust cost-effectiveness measures 
can expand the representation of a drug’s value from 
the individual patient level to its impact on soci-
ety, especially in third-party (insured) and universal 
healthcare systems. 

Some limitations of this study should be noted. 
In isolation, the numerical NHB score does not ful-
ly depict the value of a drug. Only 4 regimens had 
incremental cost data available. It should be noted 
that the incremental cost data presented is the man-
ufacturer’s listed price upon submitting for funding 
in Canada, and therefore temporal and geographic 
variations will exist. Ultimately, using the ASCO 
framework in clinical decisions does require con-
sideration of the cost of a drug in addition to the 

NHB. We evaluated the ASCO Value Framework of 
mCRC trials to explore the association of the NHB 
score with high impact, practice-changing trials. 
The ASCO Value Framework was not designed for 
cross-trial comparison. It should also be noted that 
our analysis was performed using the advanced dis-
ease framework for metastatic disease. Different re-
sults will likely be obtained in the curative cancer 
setting using the adjuvant framework. Application 
of the ASCO framework to other disease sites will 
likely yield different findings as well. 

Conclusions
The present analyses raise questions regarding the 
value of new mCRC treatments. With the advent of 
targeted therapy and immunotherapy, cancer treat-
ments can reach $100,000 USD per month.19 The 
ASCO Value Framework applied in the mCRC set-
ting demonstrates a median NHB score of only 4.6. 
To our knowledge, this is the first systematic appli-
cation of the ASCO Value Framework in advanced 
cancer. In an evolving era with the potential for 
more precise biomarker-driven therapy, the struc-
tured ASCO Value Framework has limited utility 
in capturing the benefits on an individual patient 
level. We suggest that future iterations of the ASCO 
framework implement consideration of statistical 
significance to efficacy outcomes in order to better 
identify high-value studies. In light of the more com-
plex toxicity grading in the revised framework, we 
commend ASCO’s efforts to convert the framework 
to a user-friendly software application.8 Ultimately, 
incorporating a standard, easy-to-use, value assess-
ment tool can help patients, clinicians, and policy-
makers practice value-based cancer care.
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