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Abstract
Background  The randomized, dose-optimization, open-label ReDOS study in US patients with metastatic colorectal 
cancer (CRC) showed that, compared with a standard dosing approach, initiating regorafenib at 80 mg/day and 
escalating to 160 mg/day depending on tolerability increased the proportion of patients reaching their third treatment 
cycle and reduced the incidence of adverse events without compromising efficacy. Subsequently, the ReDOS dose-
escalation strategy was included as an alternative regorafenib dosing option in the National Comprehensive Cancer 
Network (NCCN) Clinical Practice Guidelines. A retrospective analysis was conducted using a US claims database to 
assess whether inclusion of this dose-escalation strategy in NCCN Guidelines has influenced the use of flexible dosing 
in routine US clinical practice, and to describe clinical outcomes pre- and post-inclusion in NCCN Guidelines.

Methods  Patients with CRC in the Optum’s de-identified Clinformatics® Data Mart database initiating regorafenib 
for the first time between January 2016 and June 2020 were stratified based on whether they initiated regorafenib 
pre- or post-inclusion of ReDOS in NCCN Guidelines, and in two groups: flexible dosing (< 160 mg/day; < 84 tablets 
in the first treatment cycle) and standard dosing (160 mg/day; ≥ 84 tablets in the first treatment cycle). The primary 
endpoints were the proportion of patients who initiated their third treatment cycle and the mean number of 
treatment cycles per group.

Results  703 patients initiated regorafenib during the study period, of whom 310 (44%) initiated before and 393 (56%) 
initiated after inclusion of ReDOS in NCCN Guidelines. After inclusion in the guidelines, the proportion of patients who 
received flexible dosing increased from 21% (n = 66/310) to 45% (n = 178/393), the proportion who received standard 
dosing decreased from 79% (n = 244/310) to 55% (n = 215/393), the proportion who initiated their third treatment 
cycle increased from 36% (n = 113/310) to 46% (n = 179/393), and the mean (standard deviation) number of treatment 
cycles increased from 2.6 (2.9) to 3.2 (3.1).
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Background
Colorectal cancer (CRC) is the fourth most common can-
cer diagnosed in the USA, with 152,810 estimated new 
cases (7.6% of all new cancer cases) and 53,010 estimated 
deaths (8.7% of all cancer-related deaths) in 2024 [1]. The 
5-year relative survival rate of metastatic CRC (mCRC) 
in the USA is 16% [1]. The mortality associated with 
metastatic disease highlights the unmet need for effective 
treatments for these patients [2].

Current standard-of-care therapies for mCRC include 
fluoropyrimidine-based chemotherapy and anti-vascular 
endothelial growth factor (VEGF) or anti-epidermal 
growth factor receptor (EGFR) treatments for patients 
with RAS wild-type disease [3–5]. These options are the 
standard backbone early-line systemic treatments for 
mCRC, with multiple options for refractory disease [2]. 
Regorafenib is an oral multikinase inhibitor approved as 
a third- or later-line option for previously treated patients 
with advanced mCRC, advanced gastrointestinal stro-
mal tumors (GISTs), or unresectable hepatocellular car-
cinoma (HCC) at a dosage of 160  mg/day for 3 weeks  
on/1 week off (standard dosing) [6]. Regorafenib was 
approved for the treatment of patients with mCRC who 
have been previously treated with fluoropyrimidine-, 
oxaliplatin-, and irinotecan-based chemotherapy, an 
anti-VEGF therapy, and, if RAS wild-type, an anti-EGFR 
therapy [6]. This approval was based on the results of 
the pivotal randomized, double-blind, placebo-con-
trolled phase III CORRECT trial (NCT01103323), which 
showed an overall survival benefit for regorafenib ver-
sus placebo (median 6.4 vs. 5.0 months) when combined 
with best supportive care [7]. The safety of regorafenib 
was subsequently evaluated in a larger population in the 
international phase IIIb single-arm study CONSIGN 
(NCT01538680), which reported consistent frequency 
and severity of adverse events and similar median pro-
gression-free survival [8].

Regorafenib has an acceptable and predictable safety 
profile, but adverse events (AEs) occurring early in treat-
ment, such as hand–foot skin reaction and fatigue, may 
have limited its optimum use in the initial years following 
approval [9]. Consequently, several prospective studies 
have evaluated the effect of different dosing schedules on 
the safety and efficacy of regorafenib, and these studies 
suggest that starting regorafenib at a lower-than-label-
recommended (flexible) dose with the aim of escalating 
to 160 mg/day is feasible and can lead to better treatment 

tolerability and longer duration of therapy [9–12]. In an 
international, prospective observational safety study 
of regorafenib in real-world practice (CORRELATE; 
N = 1037), 12% of patients with mCRC initiated treat-
ment at 80  mg/day, 30% at 120  mg/day, and 57% at the 
approved dosage of 160  mg/day. Although almost half 
of patients received a starting dose less than the stan-
dard dose, rates of some treatment-related AEs were 
lower than in CORRECT, including hand–foot skin 
reaction (26% vs. 47%), whereas median overall survival 
and progression-free survival were similar [11]. A dose-
optimization, randomized, phase II study in the USA 
comparing regorafenib standard dose with a first cycle 
dose-escalation strategy (ReDOS; NCT02368886) fur-
ther confirmed that patients with mCRC could initiate 
regorafenib at 80  mg/day and then escalate to 160  mg/
day depending on tolerability [9]. In this study, the dose-
escalation approach increased the proportion of patients 
reaching their third treatment cycle and reduced the inci-
dence of AEs without compromising efficacy. In addition, 
the primary endpoint was met, with 23/54 patients (43%) 
in the dose-escalation group completing two treatment 
cycles and initiating a third treatment cycle versus 16/62 
patients (26%) in the standard-dose group [9]. Subse-
quently, in March 2018, the ReDOS dose-escalation strat-
egy was included as an alternative regorafenib dosing 
option in the National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guidelines for colon and rectal 
cancers [3, 4].

To the best of the authors’ knowledge, there are no real-
world data on how the ReDOS strategy has influenced 
clinical practice and outcomes, and this study aimed to 
address this gap in knowledge regarding current patterns 
of use of regorafenib in US clinical practice. To this end, 
a retrospective analysis using a US claims database was 
used to assess whether inclusion of the ReDOS dose-
escalation strategy in NCCN Guidelines has influenced 
the use of flexible dosing in the first treatment cycle in 
routine US clinical practice as measured by trends in 
regorafenib treatment patterns (low starting dose vs. 
standard dosing), and to describe clinical outcomes. Fur-
ther specific objectives were to describe the proportion of 
patients who initiated their third treatment cycle and the 
mean number of treatment cycles pre- and post-inclusion 
of the ReDOS strategy in the NCCN Guidelines.

Conclusions  Following inclusion of ReDOS in NCCN Guidelines, real-world data suggest that US clinicians have 
markedly increased use of flexible dosing in clinical practice, potentially maximizing clinical benefits and safety 
outcomes for patients with metastatic CRC receiving regorafenib.
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Methods
Study design and patients
This was a retrospective, observational cohort study of 
patients with mCRC in the Optum’s de-identified Clin-
formatics® Data Mart database who initiated regorafenib 
for the first time (index date) between January 1, 2016, 
and June 30, 2020 (Fig.  1). The Clinformatics® database 
contains health insurance claims data across inpatient 
and outpatient services, as well as prescription drug and 
enrollment information from a national private insurance 
provider. This database covers a proportion of the com-
mercially insured and Medicare Advantage population 
in all 50 US states and Washington DC and is considered 
representative of the broader US commercially insured 
population in terms of age and gender [13]. The database 
includes filled prescription-level data, including tablet 
quantities, days of supply, and date the prescription was 
filled [13].

Patients aged ≥ 18 years with a diagnosis of CRC were 
included. Regorafenib is also approved for the treatment 
of patients with GISTs or HCC, who are likely different 
from those with CRC. Therefore, patients who had a 
diagnosis of GIST or HCC ≤ 6 months before the index 
date (baseline period) were excluded to avoid potential 
selection bias. Patients had ≥ 6 months of insurance cov-
erage before the index date and for ≥ 3 months thereaf-
ter (the post-index period was until end of insurance 
eligibility or data cut-off or death [patients who died < 3 
months after the index date were included in the analy-
sis]). Patients were stratified based on whether they initi-
ated regorafenib pre- or post-inclusion of ReDOS in the 
NCCN Guidelines (as of March 31, 2018), and in two 
groups based on the number of regorafenib 40 mg tablets 
filled in their first 28-day treatment cycle: flexible dosing, 
defined as < 84 tablets, indicating that the patient initi-
ated regorafenib at lower dosages (80 or 120 mg/day or a 
different combination) than the approved standard dos-
age; or standard dosing, defined as ≥ 84 tablets (160 mg/
day).

Endpoints and assessments
The primary endpoints were the proportion of patients 
who initiated their third treatment cycle (a composite 
endpoint that encapsulates safety and activity param-
eters) and the mean number of treatment cycles per 
group (a cycle was defined as patients receiving rego-
rafenib once daily for the first 21 days of each 28-day 
period [i.e., 3 weeks on/1 week off]). In addition, explor-
atory analyses were conducted to evaluate clinical out-
comes according to timing of regorafenib initiation, 
defined as pre- or post-inclusion of the ReDOS strategy 
in the NCCN Guidelines, stratified by flexible dosing ver-
sus standard dosing and characteristics of patients who 
reached their third treatment cycle versus those who  
did not.

Statistical analysis
The study was descriptive in nature and no hypotheses 
were tested; all patients who met the study inclusion cri-
teria were included in the analyses. Descriptive analysis 
was conducted using Statistical Analysis System (Version 
9.4 [TS1M5]) software. In addition, several sensitivity 
analyses were conducted: analysis restricted to patients 
who had no other primary cancer (not specified in the 
exclusion criteria) at baseline (except skin cancer); cut-
off period extended by 3 months (to June 30, 2018) to 
account for potential delays between guideline publica-
tion and practice adoption; and dose definition modified 
to account for patients who were not filling their pre-
scription in accordance with the 28-day cycle.

Sensitivity analyses
Sensitivity analyses were carried out that included (1) 
patients without other primary cancers at baseline 
(except skin cancer); (2) a ReDOS cut-off date of June 
2018 (3 months after publication of revised NCCN 
Guidelines that included the ReDOS dose-escalation 
strategy) to account for potential delays in practice 
changes; (3) dose modification for a subset of patients 

Fig. 1  Study design
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who were not filling their prescription in accordance with 
the 28-day cycle.

Results
Patient characteristics
A total of 703 patients received regorafenib during the 
study period and were included in the final analysis 
(overall study population): 310 (44.1%) before and 393 
(55.9%) after inclusion of ReDOS in NCCN Guidelines. 
Patient demographics and clinical characteristics, includ-
ing prior treatments, were similar in patients who initi-
ated regorafenib pre- and post-inclusion of ReDOS in 
NCCN Guidelines. There were some differences in geo-
graphic region (more patients from the Midwest [28.4% 
vs. 18.3%] and fewer patients from the South [42.9% vs. 
52.7%]) and mean follow-up time (8.6 vs. 6.9 months) in 
the pre-ReDOS inclusion group compared with the post-
ReDOS inclusion group (Table 1).

Regorafenib dosing patterns
The use of flexible dosing increased post- versus pre-
inclusion of ReDOS in NCCN Guidelines (45.3% vs. 
21.3%) (Table 2). In addition, the proportion of patients 
reaching their third treatment cycle and the mean num-
ber of treatment cycles were higher post- than pre-inclu-
sion of ReDOS in NCCN Guidelines (Table 2).

Overall, 292/703 patients received a third treatment 
cycle, with a higher proportion in the post-ReDOS inclu-
sion group (179/393; 45.5%) versus the pre-ReDOS inclu-
sion group (113/310; 36.5%). In an exploratory analysis, 
most patient demographics and clinical characteristics 
were similar between patients reaching their third treat-
ment cycle and those who did not, although patients who 
did not reach their third treatment cycle had more prior 
hospitalizations, and a greater proportion had received 
anti-VEGF treatment and chemotherapy at baseline 
(Supplemental Table S1).

Table 3 presents clinical outcomes in the overall study 
population and the exploratory/subgroup analysis by 
dose group (flexible vs. standard dosing). The proportion 
of patients reaching their third treatment cycle increased 
similarly from the pre- to post-ReDOS inclusion period 
in both the flexible dosing (34.8% vs. 44.9%) and standard 
dosing (36.9% vs. 46.0%) groups, whereas there was a 
greater increase in the mean number of treatment cycles 
in the flexible dosing group (2.3 vs. 3.3) compared with 
the standard dosing group (2.7 vs. 3.1) (Table 3).

Sensitivity analyses
After excluding patients with other primary cancers 
(n = 193), 510 patients were available for a sensitivity 
analysis that included patients without other primary 
cancers at baseline (except skin cancer). Patient demo-
graphics and clinical characteristics were similar to those 

Table 1  Patient demographics and clinical characteristics at 
regorafenib treatment initiation (pre- or post-inclusion of the 
ReDOS strategy in NCCN Guidelines)
Characteristic Study population

(N = 703)
Pre-inclusion 
of ReDOS in 
NCCN Guide-
lines (n = 310)

Post-inclusion 
of ReDOS in 
NCCN Guide-
lines (n = 393)

Age, years
  Mean (SD) 63.1 (12.3) 65.2 (11.3)
  Median (range) 63 (34.0–89.0) 67 (32.0–89.0)
Mean, n (%) 175 (56.5) 220 (56.0)
Race, n (%)
  African American/Black 39 (12.6) 40 (10.2)
  Asian 14 (4.5) 19 (4.8)
  Hispanic 39 (12.6) 42 (10.7)
  Unknown 17 (5.5) 70 (17.8)
  White 201 (64.8) 222 (56.5)
US region, n (%)
  Midwest 88 (28.4) 72 (18.3)
  Northeast 26 (8.4) 36 (9.2)
  South 133 (42.9) 207 (52.7)
  West 63 (20.3) 78 (19.8)
Payer category, n (%)*
  Commercial 153 (49.4) 150 (38.2)
  Medicare Advantage 157 (50.6) 243 (61.8)
Charlson Comorbidity Index
  Mean (SD) 2.1 (2.2) 2.4 (2.2)
  Median (range) 2.0 (0–13.0) 2.0 (0–15.0)
Prior hospitalizations, n (%) 100 (32.3) 122 (31.0)
  Mean number of visits (SD) 1.5 (0.8) 1.4 (0.8)
Hand–foot skin reaction at
baseline, n (%)

55 (17.7) 73 (18.6)

Hypertension at baseline, n (%) 179 (57.7) 249 (63.4)
Anti-EGFR treatment at baseline, n (%) 82 (26.5) 87 (22.1)
Anti-VEGF treatment at baseline, n (%) 143 (46.1) 181 (46.1)
Chemotherapy at baseline, n (%) 252 (81.3) 301 (76.6)
Trifluridine/tipiracil treatment at 
baseline, n (%)

62 (20.0) 74 (18.8)

Immunotherapy at baseline, n (%) < 5 (–)† 9 (2.3)
Follow-up time, months
  Mean (SD) 8.6 (9.0) 6.9 (5.5)
  Median (range) 5.5 (0–47.7) 5.5 (0–29.7)
*The Clinformatics® database covers a proportion of the commercially insured 
and Medicare Advantage population in all 50 US states and Washington DC. 
Medicare is US medical insurance for eligible patients, including those aged ≥ 65 
years or who have certain disabilities or conditions. Medicare beneficiaries 
may be covered under a traditional Medicare plan (government managed) or 
the Medicare Advantage plan (managed by private companies approved by 
Medicare); †Values < 5, or values that could be used to derive such values, have 
been suppressed to protect patient confidentiality

EGFR, epidermal growth factor receptor; NCCN, National Comprehensive 
Cancer Network; SD, standard deviation; VEGF, vascular endothelial growth 
factor
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of the overall study population. Overall, median Charlson 
Comorbidity Index scores (predictor of 10-year survival 
in patients with multiple comorbidities) were lower in 
this sensitivity analysis cohort (1.00) versus the overall 
study population (2.00), and more patients in the overall 
study population (31.6%) versus the sensitivity analysis 
cohort (25.7%) were hospitalized. Similar dosing pattern 
results to the overall study population were observed 
(Supplemental Table S2). The proportion of patients 
reaching their third treatment cycle, the mean number 
of treatment cycles, and the proportion of patients using 
flexible dosing were similar between the overall study 
population and those without other primary cancers. 
These results held true when the ReDOS cut-off date 
was moved from March 2018 to June 2018 to account for 
potential delays in practice changes (Supplemental Table 
S3). In the third sensitivity analysis, the dose was modi-
fied for a subset of patients (N = 670) who were not filling 
their prescription in accordance with the 28-day cycle; 
again, outcomes were similar to those seen in the overall 
population (Supplemental Table S4).

Discussion
Uptake of flexible (ReDOS) dosing strategies in US  
clinical practice
The ReDOS study showed that a first cycle dose-escala-
tion strategy with regorafenib for patients with mCRC 
reduced the incidence of AEs without compromising effi-
cacy [9]. The aim of this real-world investigation was to 
determine how the ReDOS strategy has influenced US 
clinical practice and clinical outcomes in patients with 
mCRC. In this study, the flexible dosing group comprised 
patients who initiated regorafenib at lower than stan-
dard dosages of 80 mg/day or 120 mg/day. We observed a 
24% increase in the use of flexible dosing (< 84 tablets) in 
the first treatment cycle post-inclusion of ReDOS in the 
NCCN Guidelines and a 24% decrease in the use of stan-
dard dose (≥ 84 tablets).

Outcomes following flexible dosing in US clinical practice
The proportion of patients who reached their third treat-
ment cycle was 9% higher post- versus pre-inclusion 
of ReDOS in NCCN Guidelines. The mean (standard 
deviation) number of treatment cycles was 2.6 (2.9)  
pre-inclusion of ReDOS in NCCN Guidelines and 3.2 

Table 2  Clinical outcomes according to time of regorafenib treatment initiation (pre- or post-inclusion of the ReDOS strategy in NCCN 
Guidelines)
Clinical characteristic Study population

(N = 703)
Pre-inclusion of ReDOS in NCCN Guidelines 
(n = 310)

Post-inclusion of ReDOS in NCCN Guidelines 
(n = 393)

Dose classification at index date,
n (% [95% CI])*
  Flexible dose (< 84 tablets/28 days†) 66 (21.3 [16.9, 26.3]) 178 (45.3 [40.3, 50.4])
  Standard dose (≥ 84 tablets/28 days) 244 (78.7 [73.7, 83.1]) 215 (54.7 [49.6, 59.7])
Patients reaching their third treatment cycle,
n (% [95% CI])

113 (36.5 [31.1, 42.1]) 179 (45.5 [40.5, 50.6])

Number of treatment cycles
  Mean (SD) 2.6 (2.9) 3.2 (3.1)
  Median (range) 2.0 (0.5–27.0) 2.0 (0.5–26.0)
*Each tablet contained regorafenib 40 mg; †Administration of < 84 tablets/28 days indicates that the patient initiated regorafenib at a lower than standard dose (80 
or 120 mg/day, or a different combination)

CI, confidence interval; NCCN, National Comprehensive Cancer Network; SD, standard deviation

Table 3  Clinical outcomes according to time of regorafenib treatment initiation (pre- or post-inclusion of the ReDOS strategy in NCCN 
Guidelines), stratified by dose group
Clinical characteristic Pre-inclusion of ReDOS in NCCN Guidelines 

(n = 310) 
Post-inclusion of ReDOS in NCCN 
Guidelines 
(n = 393)

Standard dosing
(n = 244)

Flexible dosing
(n = 66)

Standard dosing
(n = 215)

Flexible dosing
(n = 178)

Number of treatment cycles
  Mean (SD) 2.7 (3.2) 2.3 (1.7) 3.1 (3.0) 3.3 (3.2)
  Median (range) 2.0 (1.0–27.0) 2.0 (0.5–11.0) 2.0 (1.0–26.0) 2.0 (0.5–20.0)
Patients reaching the third treatment cycle,
n (% [95% CI])

90 (36.9
[30.8, 43.3])

23 (34.8
[23.5, 47.6])

99 (46.0
[39.2, 53.0])

80 (44.9
[37.5, 52.6])

CI, confidence interval; NCCN, National Comprehensive Cancer Network; SD, standard deviation
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(3.1) post-inclusion. The observed increases in flex-
ible dosing were accompanied by increases in the mean 
number of treatment cycles by approximately 20%, with 
nearly half of patients reaching their third treatment 
cycle in both the flexible dosing and the standard dos-
ing groups after NCCN guidelines included the ReDOS 
dose-escalation strategy – this finding may suggest a cus-
tomized dosing strategy tailored to individual patients’ 
disease status and needs. The results of this study were 
also robust in the different sensitivity analyses. These 
analyses supported an increased use of flexible dosing 
post-ReDOS inclusion, with patients more frequently 
reaching their third treatment cycle and having a higher 
mean number of treatment cycles. The most com-
mon reasons for patients failing to initiate a third cycle 
of regorafenib treatment are disease progression and 
adverse events [9]. Therefore, third treatment cycle ini-
tiation is a key endpoint in clinical trials of regorafenib 
evaluating dose escalation strategies because it considers 
the toxicity that most frequently occurs early in treat-
ment (usually in the first cycle and improving thereafter 
[9]) and the drug’s effectiveness as measured by patients’ 
continued treatment beyond their second scan (Cycle 2) 
tumor assessment. The proportion of patients initiating 
a third cycle of therapy thus represents a composite end-
point that encapsulates safety and activity parameters; 
therefore, these findings represent a clinically relevant 
and valuable contribution to therapeutic decision-mak-
ing with the potential to improve survival outcomes and 
quality of life.

Comparison with prior studies
Previous studies have supported the concept of flexible 
dosing of regorafenib in patients with mCRC [9–11]. A 
numerically lower incidence of grade 3/4 AEs was seen 
with flexible dosing (defined as regorafenib 120  mg/
day 3 weeks on/1 week off or 160  mg/day 1 week  
on/1 week off in the first treatment cycle followed by 
standard dosing thereafter) in the phase II REARRANGE 
study, which also showed efficacy results consistent with 
those of phase III studies [7, 10, 14]. In addition, effi-
cacy was also reported with lower regorafenib starting 
doses in the CORRELATE prospective study [11] and in 
a Japanese study in patients who initiated regorafenib at 
120  mg/day [15]. Furthermore, a systematic review and 
network meta-analysis evaluating different dosing strate-
gies for regorafenib in refractory mCRC revealed that a 
flexible regorafenib dose-escalation strategy (defined as 
regorafenib 80 mg/day with weekly dose escalation if no 
significant drug-related toxicities, up to 160 mg/day) was 
superior to best supportive care, and showed a trend in 
survival benefit compared with regorafenib standard dos-
ing [16].

Adoption of flexible dosing and implications for  
clinical practice
According to the findings of the present study, clinicians 
in the USA have adopted this strategy in clinical practice. 
Clinical outcomes of the proportion of patients reaching 
the third treatment cycle and the number of treatment 
cycles were increased with both standard and flexible 
dosing post-inclusion of ReDOS in NCCN Guidelines, 
suggesting customized dosing strategies have been imple-
mented. This increased use of flexible dosing in the first 
cycle, potentially combined with expected better patient 
selection and AE management over time, appears to have 
led to an improvement in treatment duration with rego-
rafenib for many patients. A similar strategy has influ-
enced clinical decision-making in South America, where 
a focus on flexible dosing in the early stages of treatment 
has helped ensure that patients reach their optimum dose 
based on tolerability [17]. The findings from the current 
study may further help inform routine clinical practice 
in US patients. A personalized and flexible approach to 
dose escalation is likely to be particularly important for 
patients who are older and/or have a poor health status, 
who would otherwise not have been able to benefit from 
regorafenib treatment [17, 18].

Key strengths of the study
The present study has several key strengths, particularly 
the use of a US claims database, which includes data from 
a large single payer system – United Healthcare – with 
representation of the US population and detailed drug 
prescription information. Moreover, United Healthcare is 
the largest provider of Medicare Advantage but also pro-
vides non-Medicare commercial insurance. This popu-
lation is therefore expected to comprise both Medicare 
Advantage patients (including those aged ≥ 65 years or 
disabled) and patients aged < 65 years covered by United 
Healthcare (i.e., provided by employers). This has enabled 
the retrospective description of demographics, clinical 
characteristics, and treatment patterns among a broad 
representation of US patients initiating regorafenib pre-
scriptions before and after the inclusion of the ReDOS 
dose-escalation strategy in NCCN Guidelines. Moreover, 
no previous studies have used a large representative data-
base to assess clinical practice changes before and after 
NCCN Guideline updates in the USA. Insurance eligi-
bility was required to ensure that patients had not been 
previously treated with regorafenib and to provide base-
line characteristics. Similarly, post-index (continuous) 
eligibility criteria were required to ensure a minimum 
follow-up time. In addition, in this closed-claims analy-
sis, filling of prescriptions was captured regardless of US 
region. As the survival time of patients with CRC can be 
short, those who died within 3 months of eligibility were 
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included so as not to bias the results towards patients 
with a better health status.

Study limitations
This study has some limitations that warrant cautious 
interpretation of the results, and as with any retrospec-
tive claims-based association study, misclassification 
bias due to coding or transformation errors cannot be 
excluded. Moreover, inherent selection bias is a feature 
of the study because the reasons individual patients are 
initiated on lower than standard doses of regorafenib are 
unknown but assumed to be based on tolerability. An 
untested assumption is that initiating on a lower dose is 
not a function of health status; therefore, an overestima-
tion of the impact of flexible dosing attributable to clini-
cians starting patients on lower doses due to poor health 
cannot be ruled out.

An additional limitation of the study is that since the 
Clinformatics® data are primarily representative of the 
US commercially insured and Medicare Advantage 
population, the study may not fully represent the popu-
lation of patients with mCRC treated with regorafenib 
who are uninsured or underinsured, and/or in coun-
tries outside the USA. It should also be noted that there 
may have been potential confounding factors that were 
not captured in claims records. Another limitation is 
that although prescription fills are accurately recorded, 
patient adherence to therapy is not. To mitigate potential 
selection and misclassification bias and missed prescrip-
tion filling, sensitivity analyses examined the restriction 
of patients without other primary cancers, alternative 
cut-off date demarcations for pre- and post-inclusion of 
ReDOS in NCCN Guidelines, and a modified dose defini-
tion to account for variable time in prescription fills, and 
similar results were observed.

Conclusions
In conclusion, these real-world data suggest that clini-
cians in the USA have increased their use of flexible dos-
ing and have adopted the ReDOS dose-escalation strategy 
in clinical practice, potentially improving the tolerability 
and duration of regorafenib treatment in patients with 
mCRC. Additional real-world observational studies, 
including those based on inferential statistics, are needed 
to confirm these findings, and future investigations are 
required to quantify how later-line therapy sequencing, 
coupled with flexible dosing, can maximize clinical ben-
efit and safety outcomes for patients with mCRC. This 
may be important for clinical decision-making on behalf 
of patients in later lines of therapy, particularly those 
who are older and/or have poor health status, to poten-
tially enable them to benefit from all available treatments, 
including regorafenib.

Abbreviations
AE	� Adverse event
CRC	� Colorectal cancer
mCRC	� Metastatic colorectal cancer
NCCN	� National Comprehensive Cancer Network

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-024-12421-4.

Supplementary Material 1

Acknowledgements
Medical writing support was provided by Matthew Naylor, PhD, of Luna, OPEN 
Health Communications, and funded by Bayer HealthCare, in accordance with 
Good Publication Practice (GPP) guidelines (www.ismpp.org/gpp-2022).

Author contributions
All authors accessed, analyzed, and interpreted the patient data and were 
involved in the preparation and writing of the manuscript. All authors read 
and approved the final manuscript.

Funding
This study was sponsored by Bayer.

Data availability
The data that support the findings of this study are available from Optum, 
which were used under license for the current study, and so are not publicly 
available. Interested researchers should contact Optum (https://www.optum.
com).

Declarations

Ethics approval and consent to participate
This analysis of the Clinformatics® database was a secondary data analysis 
based on patient healthcare information from a deidentified database, from 
which patients could not be deanonymized. As dictated by Title 45 Code of 
Federal Regulations 2011 (Title 45, Part 46, Subpart A, Sect. 46.101(b)(4); Page 
129–130) (available at https://www.govinfo.gov/content/pkg/CFR-2011-title45-
vol1/pdf/CFR-2011-title45-vol1.pdf. Accessed April 22, 2024), this analysis was 
conducted under an exemption from Institutional Review Board oversight 
for US-based studies using de-identified healthcare records, and for which 
informed consent was not applicable. The research reported in this paper 
adhered to guidelines set forth by the Helsinki Declaration as revised in 2013.

Consent for publication
Not applicable.

Competing interests
Nasreen Khan, Helene Ostojic, XiaoLong Jiao, Guifang Chen, Wenlong 
Lin, and Amanda Bruno are employees of Bayer. Tanios Bekaii-Saab has 
consulting or advisory roles with AbbVie, Amgen (Inst), Arcus Biosciences 
(Inst), AstraZeneca, Bayer (Inst), BeiGene, Boehringer Ingelheim, Celularity, 
Daiichi Sankyo/UCB Japan, Deciphera, Eisai, Exact Sciences, Foundation 
Medicine, Illumina, Immuneering, Incyte (Inst), Ipsen (Inst), Janssen, Kanaph 
Therapeutics, Lilly (Inst), Natera, Pfizer (Inst), Roche/Genentech (Inst), Seagen 
(Inst), SOBI, Stemline Therapeutics, Treos Bio, and other relationships with 
1Globe Health Institute, AstraZeneca, Exelixis, FibroGen, Imugene, Lilly, Merck 
(Inst), Pancreatic Cancer Action Network, Replimune, Sun Biopharma, Suzhou 
Kintor Pharmaceuticals, UpToDate, and Xilis.

Author details
1Mayo Clinic, 5777 E. Mayo Blvd, Phoenix, AZ 85054, USA
2Bayer HealthCare Pharmaceuticals, 100 Bayer Blvd, Whippany, NJ  
07981, USA
3Bayer Consumer Care, Peter Merian-Strasse 84, Basel4052, Switzerland
4Present address: Pfizer, 66 Hudson Blvd, New York, NY, USA
5Present address: Syneos Health, 100 Brandywine Blvd, Newtown,  
PA 18940, USA

https://doi.org/10.1186/s12885-024-12421-4
https://doi.org/10.1186/s12885-024-12421-4
https://www.optum.com
https://www.optum.com
https://www.govinfo.gov/content/pkg/CFR-2011-title45-vol1/pdf/CFR-2011-title45-vol1.pdf
https://www.govinfo.gov/content/pkg/CFR-2011-title45-vol1/pdf/CFR-2011-title45-vol1.pdf


Page 8 of 8Bekaii-Saab et al. BMC Cancer          (2024) 24:939 

Received: 26 April 2023 / Accepted: 23 May 2024

References
1.	 National Cancer Institute Surveillance, Epidemiology, and End Results Pro-

gram. Cancer Stat Facts: Colorectal Cancer. https://seer.cancer.gov/statfacts/
html/colorect.html. Accessed April 29, 2024.

2.	 Alese OB, Wu C, Chapin WJ, Ulanja MB, Zheng-Lin B, Amankwah M, Eads J: 
Update on emerging therapies for advanced colorectal cancer. Am Soc Clin 
Oncol Educ Book. 2023;43:e389574.

3.	 Referenced with permission from the NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®) for Colon Cancer V1, 2024. © National Compre-
hensive Cancer Network, Inc. 2024. All rights reserved. Accessed June 5, 2024. 
To view the most recent and complete version of the guideline, go online to 
NCCN.org.

4.	 Referenced with permission from the NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®) for Rectal Cancer V1, 2024. © National Compre-
hensive Cancer Network, Inc. 2024. All rights reserved. Accessed June 5, 2024. 
To view the most recent and complete version of the guideline, go online to 
NCCN.org.

5.	 Riedesser JE, Ebert MP, Betge J: Precision medicine for metastatic colorec-
tal cancer in clinical practice. Ther Adv Med Oncol. 2022;14. https://doi.
org/10.1177/17588359211072703.

6.	 U.S. Food and Drug Administration. Stivarga® (regorafenib) US Prescrib-
ing Information 2021. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/203085s011lbl.pdf. Accessed April 16, 2024.

7.	 Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou M, Humblet 
Y, Bouché O, Mineur L, Barone C, et al. Regorafenib monotherapy for 
previously treated metastatic colorectal cancer (CORRECT): an interna-
tional, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet. 
2013;381(9863):303–312.

8.	 Van Cutsem E, Martinelli E, Cascinu S, Sobrero A, Banzi M, Seitz JF, Barone 
C, Ychou M, Peeters M, Brenner B, et al. Regorafenib for patients with 
metastatic colorectal cancer who progressed after standard therapy: Results 
of the large, single-arm, open-label phase IIIb CONSIGN Study. Oncologist. 
2019;24(2):185–192.

9.	 Bekaii-Saab TS, Ou FS, Ahn DH, Boland PM, Ciombor KK, Heying EN, Dockter 
TJ, Jacobs NL, Pasche BC, Cleary JM, et al. Regorafenib dose-optimisation in 
patients with refractory metastatic colorectal cancer (ReDOS): a randomised, 
multicentre, open-label, phase 2 study. Lancet Oncol. 2019;20(8):1070–1082.

10.	 Argiles G, Mulet Margalef N, Valladares-Ayerbes M, Vietez de Prado J, Grávalos 
C, García Alfonso P, Santos C, Tobeña M, Sastre J, Benavides M, et al. Results 
of REARRANGE trial: a randomized phase 2 study comparing different dosing 
schedules for regorafenib (REG) during the first cycle of treatment in patients 
(pts) with metastatic colorectal cancer (mCRC). Ann Oncol. 2019;30:iv135. 
Abstract O-026.

11.	 Ducreux M, Petersen LN, Öhler L, Bergamo F, Metges JP, de Groot JW, Wang 
JY, García Paredes B, Dochy E, Fiala-Buskies S, et al. Safety and effectiveness of 
regorafenib in patients with metastatic colorectal cancer in routine clinical 
practice in the prospective, observational CORRELATE study. Eur J Cancer. 
2019;123:146–154.

12.	 Nakashima M, Ide K, Kawakami K. Comparison of standard initial dose and 
reduced initial dose regorafenib for colorectal cancer patients: A retrospec-
tive cohort study. Target Oncol. 2019;14(3):295–306.

13.	 Kiang MV, Humphreys K, Cullen MR, Basu S. Opioid prescribing patterns 
among medical providers in the United States, 2003-17: retrospective, obser-
vational study. BMJ. 2020;368:l6968.

14.	 Li J, Qin S, Xu R, Yau TC, Ma B, Pan H, Xu J, Bai Y, Chi Y, Wang L, et al. Rego-
rafenib plus best supportive care versus placebo plus best supportive care 
in Asian patients with previously treated metastatic colorectal cancer (CON-
CUR): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 
Oncol. 2015;16(6):619–629.

15.	 Kudo T, Kato T, Kagawa Y, Sakai D, Doki Y, Mori M: Phase II dose titration study 
of regorafenib for patients with unresectable metastatic colorectal cancer 
that progressed after standard chemotherapy. J Clin Oncol 2018, 36:821.

16.	 Sonbol MB, Benkhadra R, Wang Z, Firwana B, Walden DJ, Mody K, Hubbard 
JM, Murad MH, Ahn DH, Bekaii-Saab T: A systematic review and network 
meta-analysis of regorafenib and TAS-102 in refractory metastatic colorectal 
cancer. Oncologist 2019, 24(9):1174–1179.

17.	 Dioca M, O’Connor JM: Optimizing regorafenib dosing and patient manage-
ment in colorectal cancer in Latin America: perspectives from Argentina. 
Oncologist 2021, 26(6):e992-e995.

18.	 Loupakis F, Antonuzzo L, Bachet JB, Kuan FC, Macarulla T, Pietrantonio F, Xu 
RH, Taniguchi H, Winder T, Yuki S, et al. Practical considerations in the use of 
regorafenib in metastatic colorectal cancer. Ther Adv Med Oncol. 2020;12. 
https://doi.org/10.1177/1758835920956862.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://doi.org/10.1177/17588359211072703
https://doi.org/10.1177/17588359211072703
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/203085s011lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/203085s011lbl.pdf
https://doi.org/10.1177/1758835920956862

	﻿Real-world dosing of regorafenib and outcomes among patients with metastatic colorectal cancer: a retrospective analysis using US claims data
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and patients
	﻿Endpoints and assessments
	﻿Statistical analysis
	﻿Sensitivity analyses

	﻿Results
	﻿Patient characteristics
	﻿Regorafenib dosing patterns



