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Introduction
The treatment options for both first-line and second-line meta-
static colorectal cancer in the modern era include combination 
chemotherapy and/or biologics. However, researchers have made 
incremental progress with the addition of new therapies such as 
angiogenesis inhibitors on the foundation of fluoropyrimidines. 
In addition, in RAS wild-type tumors, EGFR inhibitors and flu-
oropyrimidine-based therapies provide other treatment options 
in both first-line and second-line settings. 

Regorafenib: The First Single Agent
Mechanism of Action and Efficacy
In 2012, regorafenib, an oral tyrosine kinase inhibitor (TKI) with 
activity against multiple pathways showed single-agent activity in 
patients with refractory colorectal cancer. The CORRECT study 
used regorafenib, a TKI that inhibits angiogenesis, including vas-
cular endothelial growth factor receptors 1,2,3, Tie-2 receptor and 

fibroblast growth factor receptors, platelet-derived growth factor 
beta, in addition to RAF, RET, and KIT receptors.1 In patients 
who progressed after standard of care that included fluoropyrim-
idine, oxaliplatin and/or irinotecan, angiogenesis inhibitors, and 
EGFR inhibitors if the tumors were KRAS wild-type, regorafenib 
increased overall survival (OS) from 5.0 months to 6.4 months 
compared with placebo.2 This phase III study reached its primary 
endpoint of OS that was statistically significant (HR, 0.77; 95% 
CI, 0.64-0.94; P <.0052). Moreover, the difference persists regard-
less of prespecified subgroups such as patient age, number of prior 
lines of therapy, Eastern Cooperative Oncology Group (ECOG) 
performance status, and KRAS status.

Adverse Effects of Regorafenib
The most common adverse effects (AEs) of regorafenib were fa-
tigue, hand and foot syndrome, diarrhea, anorexia, and voice 
changes; up to 93% of patients experienced AEs, and as many 
as 54% were grade 3 or 4, most of which were manageable. The 
potential of liver toxicity, hemorrhage, dermatologic side effects, 
and hypertension led to frequent dose reduction (38% vs 3%) 
and dose interruptions (61% vs 22%) of regorafenib compared 
with placebo, respectively. Because of the rare but potentially fa-
tal toxicity of liver failure, it is important to check liver function 
tests in patients taking regorafenib every 2 weeks for the first 2 
months and then monthly or as frequently as indicated after 2 
months.

Although most AEs are not life threatening, dose modifica-
tions were required in most patients. In treatment trials, the full 
dose of regorafenib (160 mg orally daily for 21 days of a 28-day 
cycle) has been very difficult to tolerate, and most oncologists 
start at a lower dose, such as 80 mg or 120 mg. In general, pa-
tients can rarely be titrated to the full dose. The CORRECT 
study established regorafenib as a new treatment for refractory 
colorectal cancer; in fact, it has emerged as an option for stan-
dard of care. However; because of its tolerability issues, there is 
an urgent need to refine the optimal dosing for this drug.

Potential Synergy With Chemotherapy
One way of lowering the active dose of regorafenib is through 
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combination therapy. Because of its synergy with irinotecan in 
vitro, a phase II study using regorafenib in combination with 
FOLFIRI (irinotecan, 5-fluorouracil [5-FU], and folinic acid) 
demonstrated an acceptable safety profile.3 This led to a phase 
II randomized study to test progression-free survival (PFS), com-
paring FOLFIRI + regorafenib versus FOLFIRI + placebo in sec-
ond-line patients with colorectal cancer. This study has finished 
accrual; investigators are eagerly awaiting its results.

Trifluridine/Tipiracil: A Second New Agent
Mechanism of Action and Efficacy
In 2015, trifluridine/tipiracil (TAS-102) was also approved as a 
single agent in patients with refractory colorectal cancer. There 
are both similarities and differences between trifluridine/tipira-
cil and 5-FU, a form of fluoropyrimidine. 

Researchers have found 5-FU to be an essential component in 
the treatment of colorectal cancer; it works by inhibiting thymi-
dylate synthase to reduce the amount of deoxythymidine triphos-
phate (dTTP) to deprive the substrate for DNA synthesis in the 
tumor. Trifluridine/tipiracil has 2 components: the active che-
motherapy component is trifluridine, which is incorporated into 
DNA synthesis in the form of F3dTTP so that the final DNA 
products in tumor cells are dysfunctional and lead to inhibition 
of tumor growth.4 The second component, tipiracil, inhibits the 
rapid metabolism of trifluridine, significantly prolonging its half-
life.5

In a phase II study conducted in patients with refractory col-
orectal cancer, trifluridine/tipiracil improved OS from 6 months 
to 9 months compared with placebo,6 which led to the phase III 
RECOURSE study. In patients with metastatic colorectal cancer 

that had progressed through 2 or more lines of standard thera-
pies—which included fluoropyrimidine, irinotecan, oxaliplatin, 
bevacizumab, and EGFR inhibitors of KRAS wild-type—trifluri-
dine/tipiracil demonstrated an OS benefit from 5.3 months to 
7.1 months over placebo.7 Such benefit was statistically signifi-
cant (HR, 0.68; 95% CI, 0.58-0.81; P <.001) and persisted based 
on prespecified subgroup analysis that included age, gender, geo-
graphic location, KRAS status, and prior lines of treatment, even 
prior regorafenib exposure. A unique feature of trifluridine/
tipiracil is its ability to significantly delay time to deterioration 
of performance status to ECOG 2 compared with placebo (HR, 
0.66; 95% CI, 0.56-0.78; P <.001). Such characteristics distin-
guish trifluridine/tipiracil from regorafenib, suggesting that 
the new treatment may have better tolerability compared with 
regorafenib and may be fulfilling an unmet need for an agent 
with efficacy and relative tolerability in patients with refractory 
colorectal cancer.

Adverse Effects and Tolerability of Trifluridine/Tipiracil
In the RECOURSE study, both trifluridine/tipiracil and pla-
cebo had similar overall AEs (98% vs 93%); however, trifluri-
dine/tipiracil had higher grade 3 AEs (69% vs 52%). The most 
common laboratory abnormality was myelosuppression, which is 
the most common reason for dose reduction, thus requiring the 
routine checking of complete blood count every 2 weeks. Other 
common AEs were nausea, vomiting, decreased appetite, fatigue, 
and diarrhea, all of which are manageable.

Synergy Potential With Chemotherapy and Biologic Therapy
In colorectal cancer mouse models, trifluridine/tipiracil has 

TABLE 1.  Current Standard of Care in Refractory Colorectal Cancer 

Population and Type of 
Study

Setting/ 
Premise

Results Reference

N = 760, 2:1 ratio (505 vs 
255), refractory mCRC

(2 lines of prior treatments) 

CORRECT: RCT

Regorafenib vs 
placebo

OS: 6.4 vs 5 months (HR 0.77; 95% CI, 0.64-0.94;  
one-sided P = 0.0052)

Grothey et al, 20132

N = 800, 2:1 ratio (534 vs 
266), refractory mCRC

(2 lines of prior treatments) 

RECOURSE: RCT

Trifluridine/
tipiracil vs 
placebo

OS: 7.1 vs 5.3 months (HR 0.68; 95% CI 0.58-0.81; 
one-sided P <0.001)

Time to ECOG PS deteriation from 0 to 1 or from 1 to 
2 was 5.7 vs 4.0 months (HR 0.66; 95% CI, 0.56-0.78; 
one-sided P <0.001)

Mayer et al, 20155

CI, confidence interval;  ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; mCRC, metastatic colorectal cancer; OS, overall 
survival; RCT, randomized controlled trial.
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shown synergy with oxaliplatin, bevacizumab, or an EGFR in-
hibitor.8,9 In a phase I/II study of 25 patients with refractory 
colorectal cancer, trifluridine/tipiracil and bevacizumab showed 
no dose-limiting toxicity (DLT) and a promising progression-free 
survival (PFS) of 16 weeks.10

Emerging Therapies in Refractory Colorectal  Cancer
Immunotherapy of Mismatch Repair-Deficient  
Colorectal Cancer
Deficient mismatch repair (dMMR) carries a poor prognosis in 
metastatic colorectal cancer, but represents less than 5% of the 
metastatic patient population. It is also called microsatellite in-
stability because of its frequent accumulation of mutations in 
the microsatellite region of the tumor DNA, and so has 100-fold 
more mutations compared with mismatch repair-proficient col-
orectal cancer.11 Immunotherapy, such as with PD-1 inhibitors, 
works best in tumors with high mutational load, such as mela-
noma12; therefore making colorectal cancer with dMMR an ideal 
candidate for therapy with a PD-1 inhibitor.

In a phase II study using pembrolizumab (a PD-1 inhibitor) 
in patients with metastatic colorectal cancer who progressed 
through a median of 4 prior lines of therapy, 10 patients with 
dMMR were compared with 18 patients with mismatch re-
pair-proficient tumors.13 The overall response rate (ORR) for 
the 2 groups was 40% versus 0%, respectively, and PFS was not 
reached versus 2.2 months (HR, 0.1; P <.01). The patients with 
dMMR did not reach median OS, while those with proficient 

mismatch repair had an OS of 5.5 months (HR, 0.22; P =.05). 
Although this was a small study, the drastic efficacy difference 
between dMMR and mismatch repair-proficient patients with a 
PD-1 inhibitor supported the concept that targeting the dMMR 
population with PD-1 inhibition is a valid and effective treat-
ment strategy.

Promising Combination Treatments in BRAF-Mutated
Colorectal Cancer 
We now know that the EGFR pathway includes downstream 
signals mediated by RAS and BRAF, which explains why EGFR 
inhibitors have no activity in colorectal cancer that expresses ex-
tended RAS (exon 2, 3, 4) or BRAF mutations.14 Up to 8% of 
metastatic colorectal cancer expresses the BRAF V600E muta-
tion, the identical BRAF mutation seen in melanoma. Although 
monotherapy with BRAF inhibition is an effective treatment for 
BRAF-mutated melanoma, the same treatment approach offers 
minimal activity in colorectal cancer, a phenomena explained 
by tumor escape through its upstream activation of EGFR path-
way.15,16 This scientific rationale suggests that blocking both 
BRAF and EGFR pathways could achieve activity in BRAF-mutat-
ed colorectal cancer, which is now being tested in clinical trials.

In a phase I study of 15 patients in which vemurafenib (BRAF 
inhibitor) was combined with panitumumab (EGFR inhibitor), 
the ORR was an impressive 12%.14 On the other hand, MEK 
activation is an important mechanism for BRAF mutation re-
sistance to BRAF inhibition, a validated pathway in melanoma, 

TABLE 2.  New Biomarkers in Refractory Colorectal Cancer 

Population and Type of Study Setting/Premise Results Reference

N = 10 (dMMR) vs 18 (pMMR), refractory mCRC (4 lines of 
prior therapy)

Phase II 

Pembrolizumab ORR: 40% vs 0%,

PFS: NR vs 2.2 months,

OS: NR vs 5.5 months

Leet al, 201513

N = 23 (KRAS wild type and HER-2 +), refractory mCRC (5 lines 
of prior therapy)

Phase II

Trastuzuamb + 
lapatinib

ORR: 35%

TTP: 5.5 months

Sienaet al, 201522

N = 39 (Nanog + vs -), refractory mCRC (4 lines of prior 
therapy)

BBI 503 (stem cell 
inhibitor)

DCR 56% vs 13% Jonker et al, 201525

N = 13 (KRAS wild type and HER-2+), refractory mCRC (4 lines 
of prior therapy) Phase I

Trastuzumab + 
pertuzumab

ORR: 38%

TTP: 5.6 months

Hurwitz H, et al, 
201622

DCR, disease control rate; dMMR, deficient mismatch repair; mCRC, metastatic colorectal cancer; NR, not reached; ORR, overall response 
rate; OS, overall survival; PFS: progression-free survival; pMMR, proficient mismatch repair; TTP, time to progression. 
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and seems to be the case in colorectal cancer as well. In a phase 
I/II study of 20 patients with BRAF-mutated colorectal cancer, 
the combination of BRAF and MEK inhibitors produced an 
ORR of 10%.18 When an EGFR inhibitor was added to the com-
bination of BRAF and MEK inhibition in a second group of 26 
patients, the ORR increased to 26%, suggesting synergy between 
the inhibition of EGFR, BRAF, and MEK in BRAF-mutated col-
orectal cancer. The same study showed no DLT, and the most 
common AEs for both the doublet and the triplet therapies were 
dermatitis (55% vs 47%) and diarrhea (45% vs 60%).

Chemotherapy is known to synergize with EGFR inhibitors 
in RAS wild-type patients, so the safety and activity of adding a 
BRAF inhibitor were tested in a phase I study in 19 patients that 
used the combination of an EGFR inhibitor, a BRAF inhibitor, 
and irinotecan. The DLT were arthralgia and diarrhea, the ORR 
was 35%, and the PFS was 7.7 months, an impressive prelimi-
nary efficacy signal in heavily pretreated patients with colorectal 
cancer with BRAF mutation.19,20 

These studies indicate the possible synergy between BRAF 

and EGFR inhibition in BRAF mutation–positive colorectal pa-
tients, suggesting the need for validation in randomized studies.
Potential Therapy in HER2+ Colorectal Cancer
HER2 amplification consists of 5% of metastatic colorectal can-
cer, and this percentage can increase in RAS wild-type tumors 
after progression on EGFR inhibitors.20 In a phase II study of 
23 patients with KRAS wild-type and HER2+ (IHC 3+ or IHC 
2+ and FISH+) colorectal cancer, who progressed after a median 
of 5 prior lines of therapy, the combination of trastuzumab and 
lapatinib showed an ORR of 35% and a median time to progres-
sion of 5.5 months.21 The toxicity of this dual HER2 inhibition 
was relatively manageable; only 2 patients experienced grade 3 
AEs (rash), the only grade 2 AE was diarrhea (2 patients), and 
1 patient experienced grade 1 fatigue. This study shows prelim-
inary activity of an anti-HER2 agent in patients with HER2-am-
plified colorectal cancer, demonstrating the potential feasibility 
of the anti-HER2 approach in patients with HER2+ colorectal 
cancer. Another study of patients with HER2-amplified colorec-
tal cancer showed an ORR of 38% (5/13) and median time to 

TABLE 3.  Promising Combination Treatments in BRAF Mutated Colorectal Cancer

Population and Type of Study Setting/Premise Results Reference

N = 15, refractory mCRC

Phase I 

Vemurafenib + panitumumab ORR: 12% Yaegeret al, 201517

N = 20 vs 26 , refractory mCRC

Phase I

Dabrafenib + trametinibvs

Dabrafenib + trametinib + panitumumab

ORR: 10% vs 26% Atreya et al, 201518

N = 19, refractory mCRC

Phase I

Vemurafenib + cetuximab + irinotecan ORR: 35%, 

PFS: 7.7 months

Hong et al, 201520

mCRC, metastatic colorectal cancer; ORR, overall response rate; PFS, progression-free survival 

TABLE 4.   Agents That May Resensitize RAS Wild-Type Tumors to EGFR Inhibition in Colorectal Cancer

Population and Type of Study Setting/Premise Results Reference

N = 16, refractory mCRC (cetuximab treated)

Phase I 

AUY 922 (HSP 90 inhibitor) + 
cetuximab

OS: 37.7 weeks Subramaniamet al, 
201523

N = 9 (panitumumab treated) vs 15 
(panitumumab naïve), refractory mCRC

Phase I

BBI 608 (stem cell inhibitor) + 
panitumumab

PFS: 16.4 vs 9 weeks Hubbard et al, 201527

mCRC, metastatic colorectal cancer; Hsp 90, heat shock protein 90; OS, overall survival; PFS, progression-free survival 
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progression of 5.6 months with trastuzumab plus pertuzumab.22

Agents That Can Potentially Resensitize RAS Wild-Type 
Tumors to EGFR Inhibition in Colorectal Cancer
Newer agents in colorectal cancer include AUY 922, a heat shock 
protein 90 (HSP 90) inhibitor. HSP tends to stabilize proteins 
important in cancer progression, such as mutated p53, a pro-
tein that is associated with poor prognosis in colorectal cancer, 
including RAS wild-type tumors.22 In a phase I study of 16 pa-
tients with cetuximab-refractory colorectal cancer, AUY 922 and 
cetuximab showed median OS of 37.7 weeks without DLT; this 
regimen was associated with a 62% rate of grade 3 AEs, mostly 
anemia, nausea, vomiting, and dehydration, all of which were 
easily manageable.24 Such encouraging preliminary OS in a che-
motherapy-free regimen is certainly worth exploring. 

Stem cells are resistant to systemic therapy, can differentiate 
into cancer cells, and are capable of self-renewal without any nu-
trients; this is a strategy exploited by refractory colorectal cancer 
cells, including RAS wild-type tumors. When combined with pa-
nitumumab in patients with KRAS wild-type colorectal cancer, 
the stem cell inhibitor BBI608 demonstrated a PFS of 16.4 weeks 
compared with 9 weeks for the panitumumab-naïve group.25 

This phase I study enrolled only 24 patients, yet such drastic 
difference suggests the potential of a stem cell inhibitor’s ability to 
resensitize KRAS wild-type colorectal cancer to EGFR inhibitors.

Although Hsp 90 and stem cell inhibitors address different 
mechanisms of action, both are promising agents that can possi-
bly reverse EGFR-inhibitor resistance, an exciting possibility for 
patients with refractory colorectal cancer.

Promising Agents in Heavily Pretreated Colorectal Cancer 
The most exciting new data come from stem cell inhibitors. In 
a phase I study for patients with heavily pretreated colorectal 
cancer, with a median of 4 prior lines of treatment, the stem 
cell inhibitor BBI503 showed 19.1% of grade 3 AEs that can 
be easily managed.26 For patients whose tumor expresses Nanog, 
a biomarker that promotes proliferation, migration, and poor 
prognosis in colorectal cancer, BBI503 showed a disease control 
rate of 56% compared with 13% in patients without Nanog ex-
pression (P =.040).27 The study suggests that a stem cell inhibitor 
could potentially overcome poor prognosis factors such as Nanog 
(Table 2).

In another phase I study that enrolled only 9 patients (4 with-
out bevacizumab and 5 with bevacizumab), the stem cell inhibitor 
BBI608 was studied in combination with FOLFIRI +/- bevacizum-
ab in a heavily pretreated patient population; no DLT was seen.28 

The disease control rate was 100%, with an impressive PFS of 23.7 
weeks, again indicating possible synergy between stem cell inhibi-
tion and chemotherapy in refractory colorectal cancer.

Conclusion

Two new therapies are now approved for refractory colorectal 
cancer, regorafenib and trifluridine/tipiracil, both of which have 
demonstrated OS advantage over placebo. Each of the 2 agents 
has a different AE profile and may be suited for different patient 
populations based on tolerability. Both agents are being explored 
in combination with other biologic or chemotherapy treatments 
to improve their efficacy in colorectal cancer. There are many new 
classes of emerging agents in colorectal cancer, such as a combi-
nation strategy using BRAF and EGFR inhibition, which shows 
promise as backbone therapy for BRAF-mutated colorectal cancer. 
Stem cell inhibition signals dramatic activity in heavily pretreated 
patient population. As an immunotherapy, the most promising 
agent thus far is the PD-1 inhibiting antibody pembrolizumab in 
patients with mismatch repair-deficient colorectal cancer.. 
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