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Abstract
Background: The Janus kinase/signal transducer and activator of transcription 
(JAK- STAT) signaling pathway plays a key role in the systemic inflammatory re-
sponse in many cancers, including colorectal cancer (CRC). This study evaluated the 
addition of ruxolitinib, a potent JAK1/2 inhibitor, to regorafenib in patients with re-
lapsed/refractory metastatic CRC.
Methods: In this two- part, multicenter, phase 2 study, eligible adult patients had 
metastatic adenocarcinoma of the colon or rectum; an Eastern Cooperative Oncology 
Group performance status of 0- 2; received fluoropyrimidine, oxaliplatin, and 
irinotecan- based chemotherapy, an anti- vascular endothelial growth factor therapy 
(if no contraindication); and if KRAS wild- type (and no contraindication), an anti- 
epidermal growth factor receptor therapy; and progressed following the last admin-
istration of approved therapy. Patients who received previous treatment with 
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1 |  INTRODUCTION

Colorectal cancer (CRC) induces a systemic inflammatory 
response, possibly from proinflammatory cytokine produc-
tion by colorectal tumor cells, the tumor microenvironment, 
or both.1 Systemic inflammatory response, as measured 
by markers including elevated C- reactive protein (CRP), is 
linked to the poor prognosis of CRC.1 Evidence shows that 
the Janus kinase/signal transducer and activator of transcrip-
tion (JAK/STAT) signaling pathway plays a role in the sys-
temic inflammatory response in CRC.1-6

Ruxolitinib, an oral selective inhibitor of JAK1/JAK2, is 
approved by the United States Food and Drug Administration 
and the European Medicines Agency for adult patients with 
intermediate- risk or high- risk myelofibrosis, and for patients 
with polycythemia vera who have an inadequate response to 
or are intolerant of hydroxyurea.7,8 Of note, a subgroup anal-
ysis of the randomized, phase 2 RECAP study suggested a 

survival benefit with ruxolitinib in combination with capecit-
abine vs. capecitabine alone, in patients with metastatic 
pancreatic cancer and high levels of systemic inflammatory 
response.9

Regorafenib is an oral multi- targeted kinase inhibitor 
that targets angiogenic, stromal, and oncogenic receptor ty-
rosine kinases.10 Regorafenib has demonstrated improved 
survival in patients with metastatic CRC (mCRC) who have 
progressed after all standard therapies11 and is approved for 
treatment of patients with refractory mCRC.

We hypothesized that the combination of ruxolitinib and 
regorafenib could represent a novel approach to reprogram 
the tumor microenvironment by simultaneously targeting 
inflammatory cells associated with colorectal carcinogene-
sis, such as myeloid- derived suppressor cells or regulatory 
T cells, along with angiogenesis.12 Regorafenib also does not 
cause cytopenias to the degree that is associated with con-
ventional chemotherapy regimens, and the nonhematologic 

regorafenib, had an established cardiac or gastrointestinal disease, or had an active 
infection requiring treatment were excluded. The study was conducted in 95 sites in 
North America, European Union, Asia Pacific, and Israel. After an open- label, safety 
run- in phase (part 1; ruxolitinib 20 mg twice daily [BID] plus regorafenib 160 mg 
once daily [QD]), the double- blind, randomized phase (part 2) was conducted wherein 
patients were randomized 1:1 to receive ruxolitinib 15 mg BID plus regorafenib 
160 mg QD [ruxolitinib group] or placebo plus regorafenib 160 mg QD [placebo 
group]. Part 2 included substudy 1 (patients with high systemic inflammation, ie, C- 
reactive protein [CRP] >10 mg/L) and substudy 2 (patients with low systemic in-
flammation, ie, CRP ≤10 mg/L); the primary endpoint was overall survival (OS).
Results: The study was terminated early; substudy 1 was terminated for futility at 
interim analysis and substudy 2 was terminated per sponsor decision. Ruxolitinib 
20 mg BID was well tolerated in the safety run- in (n = 11). Overall, 396 patients 
were randomized (substudy 1: n = 175 [ruxolitinib group, n = 87; placebo group, 
n = 88]; substudy 2: n = 221 [ruxolitinib group, n = 110; placebo group, n = 111]). 
There was no significant difference in OS or progression- free survival (PFS) between 
treatments in substudy 1 (OS: hazard ratio [HR] = 1.040 [95% confidence interval: 
0.725- 1.492]; PFS: HR = 1.004 [0.724- 1.391]) and substudy 2 (OS: HR = 0.767 
[0.478- 1.231]; PFS: HR = 0.787 [0.576- 1.074]). The most common hematologic ad-
verse event was anemia. No new safety signals with ruxolitinib were identified.
Conclusions: Although addition of ruxolitinib to regorafenib did not show increased 
safety concerns in patients with relapsed/refractory metastatic CRC, this combination 
did not improve OS/PFS vs. regorafenib plus placebo.
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kinase, ruxolitinib
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toxicity profiles of regorafenib and ruxolitinib generally do 
not overlap.13 Thus, we designed a 2- part phase 2 study to as-
sess whether the addition of ruxolitinib to regorafenib would 
be safe and would increase the efficacy of regorafenib in pa-
tients with relapsed/refractory mCRC.

2 |  METHODS

2.1 | Study design
The open- label, safety run- in phase (part 1) verified the safety 
of the selected doses of ruxolitinib and regorafenib. Part 2 
included 2 double- blind, randomized substudies targeting 
separate populations of patients with mCRC based on lev-
els of systemic inflammation, as measured by the modified 
Glasgow Prognostic Score (mGPS)14 (substudy 1: mGPS 1 
[CRP >10 mg/L and albumin ≥35 g/dL] or mGPS 2 [CRP 
>10 mg/L and albumin <35 mg/dL]; substudy 2: mGPS 0 
[CRP ≤ 10 mg/L]). Ninety- five sites in North America (NA) 
and the rest of the world (ROW; included the European 
Union, Asia Pacific, and Israel) participated in this study, 

which was approved by each site’s ethics review board. The 
study was conducted in accordance with the Declaration of 
Helsinki, Good Clinical Practice guidelines, and applicable 
local regulations. All patients provided written informed con-
sent before study participation. The study was registered at 
www.clinicaltrials.gov (NCT02119676).

2.2 | Study population
Adult patients with radiographically measurable/evalu-
able metastatic adenocarcinoma of the colon or rectum (per 
Response Evaluation Criteria In Solid Tumors version 1.1) 
and an Eastern Cooperative Oncology Group performance 
status (ECOG PS) of 0- 2 were enrolled. Patients should have 
received previous treatment with fluoropyrimidine- based, 
oxaliplatin- based, and irinotecan- based chemotherapy; an 
anti- vascular endothelial growth factor therapy (if no con-
traindication); and if Kirsten Rat Sarcoma wild type (and 
no contraindication), an anti- epidermal growth factor recep-
tor therapy; and progressed following the last administra-
tion of approved therapy. Patients who received previous 
treatment with regorafenib, had an established cardiac or 

F I G U R E  1  Study design. aTreatment cycles continued as long as the regimen is tolerated and the patient does not meet the discontinuation 
criteria. bRuxolitinib starting dose was 20 mg, but it could potentially be reduced to 15 mg and 10 mg. cCohorts 1- 3: 160 mg regorafenib + 20 mg 
ruxolitinib (cohort 1), 15 mg ruxolitinib (cohort 2), or 10 mg ruxolitinib (cohort 3). dCohorts 4- 6: 120 mg regorafenib + 20 mg ruxolitinib (cohort 
1), 15 mg ruxolitinib (cohort 2), or 10 mg ruxolitinib (cohort 3). emGPS 0: CRP ≤10 mg/L; mGPS 1: CRP >10 mg/L and albumin ≥35 g/L; 
mGPS 2: CRP >10 mg/L and albumin < 35 g/L. fPatients who have stable laboratory parameters for neutrophils and platelets (i.e., ≤ grade 1) 
for 2 complete cycles will be eligible for an increase in the dose of ruxolitinib (maximum dose 20 mg BID). Abbreviations: BID; twice daily; 
CRP, C- reactive protein; DLTs, dose- limiting toxicities; mGPS, modified Glasgow Prognostic Score; NA, North America; QD, once daily; R, 
randomization; ROW, rest of world

R
1:1

N  =  175

R
1:1

N  =  221

Part 1 (N  =  11)
28-day cyclea

Treatment phase
[28-day cyclesa]

Treatment group A (n  =  87) 
ruxolitinibf 15 mg BID continuous 

+ 
regorafenib 160 mg QD for the first 21 days 

of each 28-day cycle

Treatment group B (n  =  88) 
placebo BID continuous 

+ 
regorafenib 160 mg QD for the first 21 days 

of each 28-day cycle

Treatment group A (n  =  110) 
ruxolitinibf 15 mg BID continuous 

+ 
regorafenib 160 mg QD for the first 21 days 

of each 28-day cycle

Treatment group B (n  =  111) 
placebo BID continuous 

+ 
regorafenib 160 mg QD for the first 21 days 

of each 28-day cycle

Part 2 (N  =  396)

Ruxolitinib 
Regorafenib 
dose selected

Blood draw
to determine 

mGPS

Substudy 1
(mGPSe 1 or 2)

Substudy 2
(mGPSe 0)

Safety run-in
Ruxolitinib 20 mgb BID + 
Regorafenib 160 mg QD

If ≥ 3 DLTs 
in cycle 1 in 
cohorts 1-3c

Open cohorts 4-6d

If ≥ 3 DLTs 
in cycle 1 in 
cohorts 4-6 

Terminate
study

• Dose selection required 
 < 3 DLTs in the first 

9 evaluable patients in 
cohorts 1-6 

• Patients with ≥ 75% 
compliance for both 

 ruxolitinib and regorafenib 
 were considered evaluable

Stratification  
• mGPS (1 vs 2)
• Region (NA vs ROW)

Stratification 
• Region (NA vs ROW)

http://www.clinicaltrials.gov
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gastrointestinal disease, or had an active infection requiring 
treatment were excluded.

2.3 | Randomization
Patients enrolled in part 1 were not randomized. Patients en-
rolled in each of the 2 substudies in part 2 were randomized 
(1:1) centrally by an interactive response technology system 
to receive ruxolitinib plus regorafenib (ruxolitinib group) or 
placebo plus regorafenib (placebo group). Randomization 
in substudy 1 was stratified by mGPS status (1 vs. 2) and 
geographical region (NA vs. ROW), and in substudy 2 by 
geographical region.

2.4 | Treatment
Patients in part 1 (1- 6 potential cohorts of up to 9 patients 
each) received open- label ruxolitinib and regorafenib 
(Figure 1). In cohort 1, regorafenib (160 mg once daily 
[QD]) was administered for the first 21 days and ruxoli-
tinib (20 mg twice daily [BID]) for the entire 28- day cycle. 
Planned enrollment into subsequent cohorts at lower doses 
would be based on the occurrence of ≥3 protocol- defined 
dose- limiting toxicities (DLTs) in a given cohort during 
cycle 1.

If ruxolitinib 20 mg BID was deemed to be tolerated 
in part 1, the starting dose of ruxolitinib in part 2 would 
be 15 mg BID with titration to 20 mg BID allowed in pa-
tients who tolerated the combination. If ruxolitinib 15 or 
10 mg BID was determined to be tolerated in part 1, treat-
ment in part 2 would begin with these doses, respectively, 
and titration to higher doses of ruxolitinib would not be 
allowed.

In part 2, patients within substudies 1 and 2 were random-
ized to the ruxolitinib or placebo groups at doses determined 
in part 1. All treatments were oral, self- administered, and 
consisted of repeating 28- day cycles.

2.5 | Assessments
The primary objective of part 1 was to determine safe and 
tolerable doses of ruxolitinib and regorafenib when admin-
istered in combination, with safety and tolerability being 
the primary endpoint. The primary objective of part 2 was 
to evaluate and compare overall survival (OS; primary end-
point; defined as time from randomization to death due to 
any cause) between the ruxolitinib and placebo groups. 
Secondary endpoints (part 2 only) included progression- free 
survival (PFS; defined as time from randomization to the ear-
lier of death or disease progression), objective response rate 
(ORR), and safety.

All adverse events (AEs) were recorded according to the 
Medical Dictionary for Regulatory Activities code, version 

17.0 and World Health Organization Drug Dictionary (March 
2014 version). Severity of AEs was described and graded 
using the National Cancer Institute Common Terminology 
Criteria for Adverse Events version 4.03.

Exploratory analyses included body weight, health- 
related quality of life (HRQoL), pharmacokinetics, and bio-
markers. Patients’ HRQoL was assessed using the Functional 
Assessment of Cancer Therapy- Colorectal (FACT- C) ques-
tionnaire (version 4).15

2.6 | Statistical analysis
For part 1, based on the cohort size of 9, we estimated that 
the probability of observing DLT rates of ≥33.3% was 54% 
when the true toxicity rate was 30%. Sample size estima-
tion for part 2 was based on the primary endpoint of OS. 
Final analyses were planned when 121 and 125 deaths oc-
curred in the 2 combined treatment groups of substudies 
1 and 2, respectively. For both substudies, the number of 
events above would provide 80% power to detect a hazard 
ratio (HR) of 0.6 based on a 2- sided type 1 error of 0.05, an 
interim analysis (efficacy and futility for substudy 1; futil-
ity only for substudy 2) of OS at 50% of the total events. 
Within an 18- month accrual period, 160 and 186 patients 
were planned to be randomized (1:1) in substudy 1 and 
substudy 2, respectively. An interim analysis was planned 
when approximately 61 and 63 deaths occurred in the 2 
combined treatment groups in substudy 1 and substudy 2, 
respectively.

For both substudies in part 2, a stratified log- rank test was 
used to analyze the OS and PFS differences between treatment 
groups. The HR and its 95% confidence interval (CI) was es-
timated based on the stratified Cox regression model using 
Efron’s method accounting for ties. The analyses of OS and 
PFS were stratified by mGPS status (1 vs. 2) and geographi-
cal region (NA vs. ROW) in substudy 1, and by geographical 
region in substudy 2. ORR was compared between treatment 
groups in substudy 2 using Fisher’s exact test. Subgroup anal-
yses of OS by mGPS at baseline (1 vs. 2 [substudy 1 only]), 
geographic region (NA vs. ROW), ECOG PS at baseline (0 vs. 
1; 0 vs. 2), gender (male vs. female), and age (≤65 y vs. >65 y) 
were performed. The HR and 95% CIs were provided for each 
subgroup comparison based on the Cox proportional hazards 
model.

The safety run- in population included all patients enrolled in 
part 1 who received ≥1 dose of ruxolitinib or regorafenib. Data 
were summarized by assigned dose groups. For part 2, efficacy 
analyses were conducted on the intent- to- treat (ITT) population 
(all randomized patients); safety and tolerability analyses were 
conducted on the safety population (all randomized patients 
who received ≥1 dose of regorafenib, ruxolitinib, or placebo).

Body weight and change from baseline in body weight 
at scheduled assessment times were summarized. A linear, 
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T A B L E  1  Patient Demographics and Baseline Characteristics (Intent- To- Treat Population)

Characteristics

Substudy 1 (n = 175) Substudy 2 (n = 221)

Ruxolitinib+Regorafenib 
(n = 87)

Placebo+Regorafenib 
(n = 88)

Ruxolitinib+Regorafenib 
(n = 110)

Placebo+Regorafenib 
(n = 111)

Age, median (range), y 62.0 (34- 84) 60.0 (36- 81) 59.0 (37- 79) 61.0 (19- 83)

Sex, n (%)

Male 53 (60.9) 56 (63.6) 62 (56.4) 57 (51.4)

Female 34 (39.1) 32 (36.4) 48 (43.6) 54 (48.6)

Race, n (%)

White/Caucasian 70 (80.5) 70 (79.5) 84 (76.4) 80 (72.1)

Black/African American 7 (8.0) 7 (8.0) 6 (5.5) 7 (6.3)

Asian 0 (0.0) 2 (2.3) 10 (9.1) 9 (8.1)

Native Hawaiian/Pacific 
Islander

0 (0.0) 0 (0.0) 1 (0.9) 0 (0.0)

Other 10 (11.5) 9 (10.2) 5 (4.5) 11 (9.9)

Missing 0 (0.0) 0 (0.0) 4 (3.6) 4 (3.6)

mGPS, n (%)a

0 3 (3.4) 1 (1.1) 103 (93.6) 99 (89.2)

1 66 (75.9) 69 (78.4) 2 (1.8) 3 (2.7)

2 16 (18.4) 17 (19.3) 2 (1.8) 4 (3.6)

Missing 2 (2.3) 1 (1.1) 3 (2.7) 5 (4.5)

ECOG performance status, n (%)

0 27 (31.0) 21 (23.9) 53 (48.2) 40 (36.0)

1 52 (59.8) 62 (70.5) 54 (49.1) 64 (57.7)

2 6 (6.9) 5 (5.7) 2 (1.8) 5 (4.5)

Missing 2 (2.3) 0 (0.0) 1 (0.9) 2 (1.8)

Site of metastatic disease, n (%)

Bone 14 (16.1) 6 (6.8) 8 (7.3) 8 (7.2)

Liver 67 (77.0) 71 (80.7) 80 (72.7) 74 (66.7)

Lung 67 (77.0) 59 (67.0) 84 (76.4) 68 (61.3)

Lymph nodes 28 (32.2) 36 (40.9) 31 (28.2) 30 (27.0)

Rectum 5 (5.7) 5 (5.7) 2 (1.8) 0 (0.0)

Ascites 6 (6.9) 2 (2.3) 1 (0.9) 6 (5.4)

Pleural effusion 2 (2.3) 2 (2.3) 1 (0.9) 2 (1.8)

Other 19 (21.8) 23 (26.1) 24 (21.8) 33 (29.7)

KRAS mutation status, n (%)

No 36 (41.4) 31 (35.2) 42 (38.2) 49 (44.1)

Yes 48 (55.2) 51 (58.0) 63 (57.3) 58 (52.3)

Unknown 1 (1.1) 6 (6.8) 5 (4.5) 4 (3.6)

Missing 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

BRAF mutation status, n (%)

No 38 (43.7) 31 (35.2) 42 (38.2) 45 (40.5)

Yes 2 (2.3) 3 (3.4) 3 (2.7) 6 (5.4)

Unknown 45 (51.7) 54 (61.4) 65 (59.1) 60 (54.1)

Missing 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

Prior systemic therapy 85 (97.7) 88 (100.0) 110 (100.0) 111 (100.0)

(Continues)
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mixed, repeated- measures model was used to model FACT- C 
scale and subscale scores at the start of each cycle.

Analyses were performed using SAS version ≥9.0 (SAS 
Institute, Cary, North Carolina).

3 |  RESULTS

Between 17 March 2014 (enrollment of first patient) and 19 
March 2016 (final data cutoff date), 11 and 396 patients were 

F I G U R E  2  Patient disposition in substudy 1 and substudy 2. aAt the time of study termination (date of study termination: substudy 1, 
27 January 2016; substudy 2, 11 February 2016). bBefore study termination.

Treatment Group B (n = 111) 
placebo BID continuous 

+ 
regorafenib 160 mg QD for the first 21 days 

of each 28-day cycle

Discontinued treatmentb

n = 81 (93.1%)
Disease progression, n = 53 (60.9%)
Adverse event, n = 9 (10.3%)
Death, n = 9 (10.3%)
Patient decision, n = 4 (4.6%)
Physician decision, n = 4 (4.6%)
Other, n = 2 (2.3%)

Ongoing treatmenta 
n = 4 (4.6%) 

Discontinued treatmentb

n = 96 (86.5%)
Disease progression, n = 73 (65.8%)
Adverse event, n = 10 (9.0%)
Patient decision, n = 6 (5.4%)
Other, n = 4 (3.6%)
Physician decision, n = 2 (1.8%)
Death, n = 1 (0.9%)

Ongoing treatmenta 
n = 10 (9.0%)

Patients randomized and treated
n = 85 (97.7%) 

Substudy 1

Randomized
N = 175  

Patients allocated to 
ruxolitinib + regorafenib 

n = 87 

Patients allocated to 
placebo + regorafenib 

n = 88 

Discontinued treatmentb

n = 84 (95.5%)
Disease progression, n = 55 (62.5%)
Adverse event, n = 17 (19.3%)
Patient decision, n = 5 (5.7%)
Death, n = 3 (3.4%)
Physician decision, n = 2 (2.3%)
Noncompliance, n = 1 (1.1%) 
Other, n = 1 (1.1%)

Ongoing treatmenta 
n = 2 (2.3%) 

Substudy 2 

Randomized 
N = 221

Patients allocated to 
placebo + regorafenib 

n = 111  

Patients allocated to 
ruxolitinib + regorafenib 

n = 110

Discontinued treatmentb

n = 93 (84.5%)
Disease progression, n = 68 (61.8%)
Adverse event, n = 10 (9.1%)
Patient decision, n = 5 (4.5%)
Physician decision, n = 3 (2.7%)
Other, n = 3 (2.7%)
Death, n = 2 (1.8%)
Lost to follow-up, n = 1 (0.9%) 
Protocol deviation, n = 1 (0.9%)

Ongoing treatmenta 
n = 13 (11.8%)

Patients randomized and treated
n = 86 (97.7%) 

Patients randomized and treated
n = 106 (96.4%) 

Patients randomized and treated
n = 106 (95.5%) 

Characteristics

Substudy 1 (n = 175) Substudy 2 (n = 221)

Ruxolitinib+Regorafenib 
(n = 87)

Placebo+Regorafenib 
(n = 88)

Ruxolitinib+Regorafenib 
(n = 110)

Placebo+Regorafenib 
(n = 111)

Prior systemic therapy regimens, n (%)

1 0 (0.0) 1 (1.1) 3 (2.7) 3 (2.7)

2 11 (12.6) 13 (14.8) 18 (16.4) 21 (18.9)

3 20 (23.0) 20 (22.7) 32 (29.1) 24 (21.6)

4 20 (23.0) 16 (18.2) 19 (17.3) 29 (26.1)

≥5 34 (39.1) 38 (43.2) 38 (34.5) 34 (30.6)

Prior radiation therapy 27 (31.0) 32 (36.4) 44 (40.0) 45 (40.5)

Prior surgery or surgical 
procedure

66 (75.9) 79 (89.8) 93 (84.5) 99 (89.2)

Weight, kg

Mean (SD) 78.2 (21.8)b 76.9 (19.5) 78.6 (20.0) 76.7 (19.1)c

C- reactive protein, mg/Ld

Normal 3 (3.6) 1 (1.2) 78 (74.3) 69 (67.6)

High 81 (96.4) 85 (98.8) 27 (25.7) 33 (32.4)

ECOG, Eastern Cooperative Oncology Group; mGPS, modified Glasgow Prognostic Score.
amGPS as collected on case report form.
bn = 85.
cn = 110.
dSubstudy 1: ruxolitinib+regorafenib, n = 84; placebo+regorafenib, n = 86. Substudy 2: ruxolitinib+regorafenib, n = 105; placebo+regorafenib, n = 102.

T A B L E  1  (Continued)



5388 |   FOGELMAN Et AL.

enrolled in part 1 and part 2 (substudy 1: n = 175; substudy 
2: n = 221), respectively. Substudy 1 was terminated for 
futility (27 January 2016) based on a review of the interim 
analysis by the data monitoring committee. These results, to-
gether with results from an interim analysis from a phase 3 
trial of ruxolitinib plus capecitabine that showed no addi-
tional benefit over capecitabine alone in patients with ad-
vanced pancreatic cancer and high systemic inflammation,16 
led to the termination of substudy 2 (11 February 2016).

Enrollment was complete at the time of study termination. 
The number of events required for final efficacy analyses was 
reached in substudy 1 but not in substudy 2. Patients who 

were deemed by the investigator to be deriving benefit were 
allowed to continue treatment after discussion with the spon-
sor medical monitor.

3.1 | Part 1: Patient Disposition, 
Exposure, and DLTs
In part 1, all 11 patients enrolled received ruxolitinib 20 mg 
BID plus regorafenib 160 mg QD. Median exposure was 110 
and 105 days for ruxolitinib and regorafenib, respectively. 
Dose reduction was noted in 2 patients (18.2%) for ruxoli-
tinib and 6 patients (54.5%) for regorafenib. All 11 patients 

F I G U R E  3  Overall survival Kaplan- 
Meier plots of substudy 1 and substudy 2 
(intent- to- treat population). aCalculated 
using the method of Brookmeyer and 
Crowley (1982).29 bEstimated using a Cox 
regression model with Efron’s method 
used for ties, stratified by mGPS score and 
geographical region in substudy 1, and by 
geographical region in substudy 2. cOne- 
sided P value calculated from log- rank test 
stratified by mGPS score and geographical 
region in substudy 1, and by geographical 
region in substudy 2. Abbreviations: CI, 
confidence interval; HR, hazard ratio; 
mGPS, modified Glasgow Prognostic Score; 
NE, not estimable; OS, overall survival

O
S 

(%
)

Substudy 1

Time (mo)

100

Median OS, months (95% CI)a:
Ruxolitinib, 4.6 (3.5-5.4); Placebo, 5.3 (4.3-6.0)
HR (95% CI)b  =  1.040 (0.725-1.492); Pc = 0.588 

Number of deaths:
Ruxolitinib, 60 (69.0%); Placebo, 61 (69.3%) 

Ruxolitinib (n = 87) Placebo (n = 88)
90
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discontinued treatment: 5 (45.5%) due to disease progression, 
3  (27.3%) due to AEs, 1 (9.1%) due to death (cardiac arrest, 
unrelated to either study drug), and 2 (18.2%) for other reasons.

All patients experienced ≥1 treatment- emergent ad-
verse event (TEAE); all patients (except 1) experienced 
≥1 grade 3/4 TEAE. The most common grade 3/4 non-
hematologic TEAEs were palmar- plantar erythrodyses-
thesia (PPE) syndrome (n = 3; 27.3%) and hypertension 
(n = 2; 18.2%). The most common grade 3/4 hematologic 
AEs (new/worsening laboratory abnormalities) were ane-
mia (n = 4; 36.4%) and thrombocytopenia (n = 2; 18.2%). 
Seven patients (63.6%) experienced serious AEs (SAEs; 
abdominal pain, bacteremia, cardiac arrest, gastroenteritis, 

hyperbilirubinemia, perirectal abscess, pneumonia, py-
rexia, sepsis, and small intestine obstruction [n = 1 each; 
9.1%]).

One patient experienced a DLT of grade 3 PPE syndrome. 
Treatment was interrupted for 25 days, following which the 
toxicity resolved to grade 2 and the patient restarted treat-
ment with a reduced dose of regorafenib (80 mg QD) with no 
change in the dose of ruxolitinib.

As <3 DLTs were reported in cycle 1 of part 1, per proto-
col, doses of ruxolitinib 15 mg BID and regorafenib 160 mg 
QD were selected for investigation in part 2, with titration to 
ruxolitinib 20 mg BID allowed in patients who tolerated the 
combination.

F I G U R E  4  Progression- free survival 
Kaplan- Meier plots of substudy 1 and 
substudy 2 (intent- to- treat population). 
aCalculated using the method of Brookmeyer 
and Crowley (1982).29 bEstimated using a 
Cox regression model with Efron’s method 
used for ties, stratified by mGPS score and 
geographical region in substudy 1, and by 
geographical region in substudy 2. cOne- 
sided P value calculated from log- rank test 
stratified by mGPS score and geographical 
region in substudy 1, and by geographical 
region in substudy 2. Abbreviations: CI, 
confidence interval; HR, hazard ratio; 
mGPS, modified Glasgow Prognostic Score; 
PFS, progression- free survival
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3.2 | Part 2

3.2.1 | Patient baseline characteristics, 
disposition, and treatment exposure
In substudy 1, 87 and 88 patients were randomized into the 
ruxolitinib and placebo groups, respectively. In substudy 2, 
110 and 111 patients were randomized into the ruxolitinib 
and placebo groups, respectively. Baseline characteristics 
were similar across groups in both substudies (Table 1).

Of 175 patients in substudy 1, 171 patients (97.7%) received 
treatment (Figure 2). For ruxolitinib and placebo, median ex-
posure was 57 and 56 days, respectively. For regorafenib in the 
ruxolitinib and placebo groups, median exposure was 57 and 
49 days, respectively. Treatment discontinuations were mainly 
due to disease progression or AEs (Figure 2). Six patients were 
still receiving study treatment at the time of study termination.

Of 221 patients in substudy 2, 212 (95.9%) received treat-
ment (Figure 2). For ruxolitinib and placebo, median expo-
sure was 106 and 56 days, respectively. For regorafenib in 
the ruxolitinib and placebo groups, median exposure was 103 
and 49 days, respectively. Treatment discontinuations were 
mainly due to disease progression or AEs (Figure 2). Twenty- 
three patients were still receiving study treatment at the time 
of study termination. Dose modifications are provided in the 
supplemental material (Table S1).

3.2.2 | Efficacy
No statistically significant difference was observed between 
treatment groups of substudies 1 or 2 for the primary endpoint 
of OS (Figure 3A,B). Similarly, statistical significance was 
not achieved for PFS or ORR (Figure 4A,B; Table 2); how-
ever, there was a nonsignificant trend toward improved PFS 

T A B L E  2  Overall Response Rate (Intent- To- Treat Population)

No (%)

Substudy 1 (n = 175) Substudy 2 (n = 221)

Ruxolitinib + 
Regorafenib (n = 87)

Placebo + 
Regorafenib 
(n = 88)

Ruxolitinib + 
Regorafenib 
(n = 110)

Placebo + Regorafenib 
(n = 111)

Overall response rate (complete response 
+ partial response) [95% CI]a

0 (0.0) 
[0- 4.2]

0 (0.0) 
[0- 4.1]

3b (2.7) 
[0.6- 7.8]

5b (4.5) 
[1.5- 10.2]

Stable disease 35 (40.2) 30 (34.1) 65 (59.1) 36 (32.4)

Progressive disease 32 (36.8) 39 (44.3) 30 (27.3) 56 (50.5)

Not evaluable 3 (3.4) 1 (1.1) 2 (1.8) 3 (2.7)

Not assessed 17 (19.5) 18 (20.5) 10 (9.1) 11 (9.9)

CI, confidence interval.
aCalculated based on the exact method for binomial distributions.
bPartial responses.

T A B L E  3  Safety Summary of TEAEs

No (%)

Substudy 1 (n = 171) Substudy 2 (n = 212)

Ruxolitinib + 
Regorafenib (n = 85)

Placebo + Regorafenib 
(n = 86)

Ruxolitinib + 
Regorafenib (n = 106)

Placebo + Regorafenib 
(n = 106)

Patients with any TEAEs 85 (100.0) 86 (100.0) 106 (100.0) 105 (99.1)

Patients with grade 3/4 TEAEs 70 (82.4) 70 (81.4) 82 (77.4) 77 (72.6)

Patients with any serious 
TEAEs

49 (57.6) 42 (48.8) 37 (34.9) 37 (34.9)

Patients with a fatal TEAEa 13 (15.3) 8 (9.3) 2 (1.9) 4 (3.8)

Patients who discontinued 
ruxolitinib/placebo because of 
TEAEs

12 (14.1) 17 (19.8) 12 (11.3) 11 (10.4)

TEAE, treatment- emergent adverse event.
aFatal TEAEs in substudy 1: general physical health deterioration (n = 3, ruxolitinib group; n = 2, placebo group); acute respiratory failure (n = 1 each group); disease 
progression (n = 2, ruxolitinib group); gastrointestinal hemorrhage, large intestinal obstruction, hepatic failure, sepsis, hepatic encephalopathy, obstructive pulmonary 
disease, and suicide (n = 1 each, ruxolitinib group); dyspnea (n = 2, placebo group); multi- organ failure, obstruction, bile duct obstruction, hepatorenal syndrome, and 
malignant neoplasm progression (n = 1 each, placebo group). Fatal TEAEs in substudy 2: dyspnea (n = 1 each group); anemia and myocardial infarction (n = 1 each, 
ruxolitinib group); arrhythmia, coronary artery arteriosclerosis, abdominal distension, vomiting, and general physical health deterioration (n = 1 each, placebo group).
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in the ruxolitinib group compared with the placebo group in 
substudy 2 (Figure 4B). In subgroup analyses, OS was not 
significantly improved by ruxolitinib plus regorafenib vs. 
placebo plus regorafenib for any baseline factor tested, in ei-
ther substudy 1 or 2 (Figure S1a,b).

In exploratory analyses, no meaningful differences between 
treatment groups were observed in changes from baseline in 
body weight, HRQoL, FACT- C score, or CRP levels (Data S1).

3.2.3 | Safety
All patients (except 1 in substudy 2, placebo group) experi-
enced ≥1 TEAE (Table 3). The most common grade 3/4 non-
hematologic TEAEs were PPE syndrome, hypertension, and 
abdominal pain (Table 4). The most common grade 3/4 hema-
tologic AEs (new/worsening laboratory abnormalities) were 
anemia and lymphopenia (Table S2). SAEs occurring in ≥5 
patients in any group of either substudy were abdominal pain, 
sepsis, pneumonia, dyspnea, and small intestinal obstruction. 
Twenty- one and 6 patients experienced fatal TEAEs in sub-
studies 1 and 2, respectively (Table 3); 1 fatal TEAE (suicide in 
substudy 1) was deemed related to ruxolitinib and regorafenib.

4 |  DISCUSSION

In this study in patients with relapsed/refractory mCRC, rux-
olitinib combined with regorafenib did not show increased 
safety concerns; however, no survival benefit was observed 
in the ruxolitinib vs. the placebo group. Results from this 

study suggest that further investigation of ruxolitinib com-
bined with regorafenib in mCRC is not warranted.

Several preclinical studies suggested the use of selective 
JAK1/2 inhibitors as potential therapy for treatment of CRC, 
thereby, providing a rationale for randomized controlled tri-
als.17,18 Also, a subgroup analysis of the randomized, phase 2 
RECAP study suggested a survival benefit with ruxolitinib 
in combination with capecitabine vs. capecitabine alone, 
in patients with metastatic pancreatic cancer and high CRP 
levels.9 Altogether, these results suggested a potential ben-
efit of JAK inhibition in solid tumors. However, 2 phase 3 
studies (JANUS 1 and JANUS 2) that assessed the efficacy 
and safety of ruxolitinib plus capecitabine in patients with 
metastatic pancreatic cancer requiring second- line therapy 
were prematurely terminated based on an interim futility 
analysis.16 Furthermore, data from the present randomized 
study do not support the utility of ruxolitinib in patients with 
relapsed/refractory mCRC regardless of levels of inflamma-
tion. Whereas it is possible that ruxolitinib might offer greater 
benefit if introduced earlier in the course of CRC, a study de-
signed to assess this could be confounded by the larger num-
ber of available treatment options and the pronounced disease 
heterogeneity in early stage CRC vs. late stage CRC.19 Such a 
study would also require a larger sample size than that of the 
current study. Moreover, early administration of ruxolitinib in 
these patients receiving first- line therapies for mCRC (such 
as fluorouracil, leucovorin, in combination with irinotecan 
[FOLFIRI] or oxaliplatin [FOLFOX]) would be challenging 
given that myelosuppression is associated with all of these 
treatments.20,21

T A B L E  4  Most Common (≥20% Events in Any Arm) Nonhematologic Treatment-Emergent Adverse Events, All-Grade

No (%)

Substudy 1 (n = 171) Substudy 2 (n = 212)

Ruxolitinib+Regorafenib 
(n = 85)

Placebo+Regorafenib 
(n = 86)

Ruxolitinib+Regorafenib 
(n = 106)

Placebo+Regorafenib 
(n = 106)

All Grades Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4

PPE syndrome 36 (42.4) 11 (12.9) 38 (44.2) 13 (15.1) 61 (57.5) 18 (17.0) 50 (47.2) 14 (13.2)

Diarrhea 32 (37.6) 3 (3.5) 27 (31.4) 2 (2.3) 41 (38.7) 7 (6.6) 29 (27.4) 6 (5.7)

Decreased appetite 31 (36.5) 1 (1.2) 31 (36.0) 2 (2.3) 28 (26.4) 1 (0.9) 35 (33.0) 3 (2.8)

Fatigue 29 (34.1) 3 (3.5) 31 (36.0) 5 (5.8) 43 (40.6) 5 (4.7) 47 (44.3) 10 (9.4)

Abdominal pain 27 (31.8) 12 (14.1) 31 (36.0) 9 (10.5) 28 (26.4) 6 (5.7) 31 (29.2) 8 (7.5)

Constipation 27 (31.8) 0 (0.0) 21 (24.4) 2 (2.3) 24 (22.6) 1 (0.9) 22 (20.8) 0 (0.0)

Nausea 22 (25.9) 2 (2.4) 22 (25.6) 2 (2.3) 30 (28.3) 0 (0.0) 22 (20.8) 4 (3.8)

Asthenia 22 (25.9) 4 (4.7) 22 (25.6) 5 (5.8) 19 (17.9) 3 (2.8) 23 (21.7) 6 (5.7)

Stomatitis 21 (24.7) 4 (4.7) 18 (20.9) 3 (3.5) 19 (17.9) 1 (0.9) 21 (19.8) 2 (1.9)

Hypertension 18 (21.2) 8 (9.4) 22 (25.6) 6 (7.0) 44 (41.5) 23 (21.7) 42 (39.6) 17 (16.0)

Vomiting 16 (18.8) 3 (3.5) 20 (23.3) 2 (2.3) 24 (22.6) 2 (1.9) 15 (14.2) 6 (5.7)

Headache 13 (15.3) 1 (1.2) 16 (18.6) 1 (1.2) 21 (19.8) 1 (0.9) 26 (24.5) 0 (0.0)

Dysphonia 11 (12.9) 0 (0.0) 14 (16.3) 0 (0.0) 22 (20.8) 0 (0.0) 27 (25.5) 0 (0.0)

PPE, palmar- plantar erythrodysesthesia.
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With or without ruxolitinib, median OS in substudy 1 
(4.6 and 5.3 months, respectively) was slightly lower than 
that observed in the phase 3 CORRECT study evaluating 
regorafenib vs. placebo in patients with refractory mCRC 
(6.4 months with regorafenib).11 However, compared with 
substudy 1, the median OS in substudy 2 was approxi-
mately twice as long (11.4 and 10.9 months in the ruxoli-
tinib and placebo groups, respectively). The reason for the 
overall prolonged OS in substudy 2 vs. substudy 1 could 
be the lower levels of systemic inflammation (ie, mGPS 
0 vs. 1/2, respectively). This is in line with a review of 
data from over 30 000 patients with different tumor types 
across 60 studies, which showed that chronic systemic in-
flammatory response, as evidenced by high GPS/mGPS, 
is clearly associated with poorer prognosis.14 As no sys-
temic inflammation- based stratification was performed in 
the CORRECT study, this may explain why patients treated 
with regorafenib in the CORRECT study had longer me-
dian OS than those in substudy 1, but shorter than those 
in substudy 2. These results underscore the importance of 
further identification of biomarkers (eg, other determinants 
of inflammation such as thrombocytosis or lymphocyte/
neutrophil ratio) and patient clinical characteristics that 
could predict for benefit in mCRC, to improve patient se-
lection for future treatment strategies. For example, a co-
hort study of regorafenib use in clinical practice in patients 
with refractory mCRC (the REBECCA study) showed that 
a high ECOG PS (≥2), a shorter time from initial diagno-
sis of metastases (<18 months), an initial regorafenib dose 
<160 mg, >3 metastatic sites, liver metastases, and KRAS 
mutations were independently associated with poorer 
survival.22

In addition to the key role of systemic inflammation and 
JAK/STAT pathway activation in various solid tumors, evi-
dence suggests that clinical responses to chemotherapy can 
be improved if immunogenic cell death pathways are con-
currently activated.23 A preclinical study of an immuno- 
competent syngeneic PAN02 pancreatic model showed that 
combining JAK inhibitors with other immunomodulatory 
agents inhibiting indoleamine- pyrrole 2,3- dioxygenase 1 
(IDO1), phosphatidylinositol- 3 kinase delta (PI3Kδ), or 
programmed death- 1/programmed death- ligand 1 (PD- 1/
PD- L1) resulted in enhanced antitumor activity.24 Therefore, 
there may yet be value in combining JAK inhibiors with che-
motherapy and/or immune response modifiers. Given the 
persistent importance of JAK/STAT signaling pathway in tu-
morigenesis in various cancers, including colorectal cancer, 
it is possible that simultaneous targeting of other regulators 
involved in this complex pathway and the optimization of 
combination therapy regimens may hold potential to achieve 
improved outcomes.

Overall, the safety profile of ruxolitinib 15- 20 mg BID 
in combination with regorafenib in patients with relapsed/

refractory mCRC was acceptable and was consistent with that 
reported in previous trials of ruxolitinib in other tumors.9,25-28 
No new safety concerns were reported for either treatment 
groups in either substudy.

In conclusion, results from our study do not support the 
use of the combination of ruxolitinib with regorafenib in pa-
tients with relapsed/refractory mCRC.
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