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ABSTRACT 
Background: An organizational workflow is a reproducible pattern of action taken daily to 
achieve a particular task. Consequent to the pivotal role of the radiation therapy (RT) department 
in oncology, its workflow has many steps and processes which on disruption result in a high patient 
waiting time. This study aimed to assess the opinion of the staff regarding the workflow pattern, 
try to identify potential barriers, and highlight areas that need to be addressed to reduce patient 
service delay and foster better patient care. 
Material and Methods: A semi-structured questionnaire consisting of 20 questions grouped in 
four sections was given to the staff of the RT department of the University of Nigeria Teaching 
Hospital, Nigeria. This cross-sectional survey was carried out from May to November 2021, and 
we analyzed the data using descriptive statistics. 
Results: We received and analyzed 70 questionnaires (83.3% response rate). Most participants 
were males (n=43; 61.4%), aged between 21 and 30 (n =50; 71.4%). Bachelor of science degrees 
was the dominating educational qualification (n=55; 78.6%), and most participants were radiog-
raphers (n=41; 72.9%). Potential factors affecting the workflow pattern of the department may be 
shortage of staff (n=36; 58.1%), inadequate modern technologies (n=27; 38.6%), equipment 
breakdown (n=27; 38.6%), and inadequate power supply (n=23; 32.9%), according to respond-
ents’ perception. The major areas needing improvement were reporting (n=22; 31.4%) and recep-
tion/registration area (n=20; 28.6%). 
Conclusion: According to staff’s feedback, staff shortage, out-of-date technologies, equipment 
and electricity failures, and logistic challenges are the major causes of workflow disruption in the 
studied Nigerian RT department. 
KEYWORDS: radiation therapy, staff, survey, workflow 

 
 
 
 
 
 
 
1. Introduction 
 
Colorectal cancer (CRC) is the most common malig-
nancy of the gastrointestinal tract and remains one of 

the leading causes of cancer-related morbidity and 
mortality worldwide. With more than 1.9 million 
new cases and approximately 850,000 deaths annu-
ally, CRC represents a major global health burden (1). 
Survival outcomes vary widely and are strongly 
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ABSTRACT 
Background: Colorectal cancer (CRC) is the third most common malignancy globally, 
with metastatic disease (mCRC) carrying a poor prognosis. Despite advances in first- and 
second-line therapies, long-term survival in later-line (≥3L) mCRC remains limited. Mo-
lecular profiling has enabled personalized treatment strategies, yet optimal sequencing 
and therapy selection in refractory disease are still evolving. 
Aim: This review summarizes current treatment options for ≥3L mCRC, highlighting 
recent advances in targeted therapies, biomarker-driven rechallenge strategies, and unmet 
clinical needs in this setting. 
Main Body: Regorafenib, an oral multikinase inhibitor, was the first agent approved for 
≥3L mCRC, providing modest survival benefits primarily through disease stabilization. 
Trifluridine/tipiracil (FTD/TPI), alone or combined with bevacizumab, improves overall 
survival (OS) and disease control with manageable hematologic toxicity. Fruquintinib, a 
selective VEGFR inhibitor, has shown efficacy similar to that of other VEGFR inhibitors, 
with a favorable safety profile. Molecularly guided therapies, including anti-EGFR re-
challenge based on circulating tumor DNA (ctDNA), demonstrate promising clinical 
activity in RAS/BRAF wild-type tumors. BRAF V600E–mutated mCRC benefits from 
encorafenib plus cetuximab, HER2-amplified tumors respond to trastuzumab-based 
combinations or antibody–drug conjugates, and KRAS G12C mutations can be targeted 
using dual inhibition with KRAS G12C inhibitors plus anti-EGFR therapy. Across these 
agents, preserved performance status consistently predicts clinical benefit. 
Conclusion: Significant advances in later-line mCRC therapy, particularly molecularly 
tailored approaches, have expanded treatment options and improved outcomes for select 
patients. However, response rates remain modest, resistance ultimately develops, and 
many patients have limited options due to poor functional status or comorbidities. Future 
research must focus on predictive biomarkers, optimal sequencing strategies, and combi-
nation therapies to further extend survival and quality of life in this challenging patient 
population. 
KEYWORDS: metastatic colorectal cancer, molecularly targeted therapy, third-line therapy 
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influenced by disease stage and molecular characteris-
tics. While early-stage disease is potentially curable, 
metastatic colorectal cancer (mCRC) remains largely 
incurable, with long-term survival achieved in only a 
minority of patients (3). 

Management of localized CRC is based on sur-
gery with or without adjuvant chemotherapy and ra-
diotherapy. In contrast, treatment of metastatic or un-
resectable CRC relies on systemic therapy, including 
cytotoxic chemotherapy, targeted agents, and immu-
notherapy. Current international guidelines recom-
mend mandatory molecular testing prior to initiating 
systemic treatment, including RAS and BRAF V600E 
mutations and microsatellite instability (MSI) status, 
with additional recommended testing for HER2 am-
plification, KRAS G12C mutation, and NTRK or 
RET fusions where appropriate (4,5). 

Advances in systemic therapy have significantly 
improved overall survival (OS) in mCRC, leading to 
an increasing number of patients eligible for third-line 
and later (≥3L) treatment (6). However, optimal se-
lection and sequencing of therapies in this setting re-
main unresolved. 

 
2. Regorafenib 

 
Regorafenib is an oral multikinase inhibitor targeting 
angiogenic (VEGFR1–3, TIE2/angiopoetin), stromal 
(PDGFR-β, FGFR), and oncogenic (KIT, BRAF, 
RET) pathways. Its antitumor activity is primarily 
mediated by inhibiting angiogenesis and tumor cell 
proliferation. 

Regorafenib was the first agent approved for ≥3L 
treatment of mCRC based on the pivotal phase III 
CORRECT trial (7), a randomized, double-blind, 
placebo-controlled study including 760 heavily pre-
treated patients. Regorafenib significantly improved 
OS compared with placebo (median OS 6.4 vs. 5.0 
months; HR 0.77, 95% CI 0.64-0.94, p = 0.0052), 
with a modest improvement in progression-free sur-
vival (PFS). Objective response rates (ORR) were low 
(1%), while disease control rate (DCR) reached 41%, 
reflecting disease stabilization rather than tumor 
shrinkage. Treatment-related toxicity was substantial, 
with frequent grade ≥3 adverse events (AEs), most 
commonly hand–foot syndrome, fatigue, and hyper-
tension, often necessitating dose modifications. 

Subsequent real-world studies, including RE-
BECCA, CONSIGN, CONCURE, and CORRE-
LATE (8-11), confirmed the survival benefit and 

safety profile observed primarily in the CORRECT 
trial. These studies consistently demonstrated that 
regorafenib provides a modest but clinically meaning-
ful benefit, predominantly through disease stabiliza-
tion. Approximately 15–20% of patients experience 
durable disease control, although no validated predic-
tive biomarkers have been identified (12). Preserved 
performance status remains the strongest predictor of 
benefit, with ECOG PS ≥2 consistently associated 
with inferior outcomes. Timing of regorafenib initia-
tion appears clinically relevant. Observational data 
suggest improved outcomes when regorafenib is used 
earlier in the ≥3L setting while patients retain good 
functional status, reserving chemotherapy rechallenge 
for later lines (13). 

 
3. Trifluridine/Tipiracil (FTD/TPI) 

 
Trifluridine/tipiracil (FTD/TPI) is an oral cytotoxic 
agent combining trifluridine, a thymidine analog, 
with tipiracil, a thymidine phosphorylase inhibitor 
that increases trifluridine bioavailability. Unlike fluor-
opyrimidines, trifluridine directly incorporates into 
DNA, disrupting DNA synthesis and inhibiting tu-
mor cell proliferation. 

Approval of FTD/TPI was based on the phase 
III RECOURSE trial (17), which enrolled 800 pa-
tients with refractory mCRC. Compared with pla-
cebo, FTD/TPI significantly improved OS (7.1 vs. 
5.3 months; HR 0.68; 95% CI 0.58-0.81, p<0.0001) 
and PFS (2 vs 1.7 months, HR 0.48, 95% CI 0.41-
0.57, p<0.0001), with consistent benefit across all 
subgroups, regardless of RAS mutation status. ORR 
remained low, but disease control was achieved in a 
substantial proportion of patients. Toxicity, as ex-
pected, was primarily hematologic, with neutropenia, 
anemia, and leukopenia being the most common 
grade ≥3 AEs. Non-hematologic toxicity was generally 
mild and manageable. 

Building on the success of RECOURSE, the 
phase III SUNLIGHT trial (18) evaluated the com-
bination of FTD/TPI with bevacizumab, reflecting 
established synergy between chemotherapy and 
VEGF inhibition in earlier treatment lines. SUN-
LIGHT demonstrated a clinically and statistically sig-
nificant improvement in OS (10.8 vs. 7.5 months; 
HR 0.44; 95% CI 0.36-0.54, p < 0.001) and PFS (5.6 
vs 2.4 months; HR 0.61; CI 0.49-0.77, p <0.001) 
with combination therapy compared with FTD/TPI 
alone. Disease control rates exceeded 75%, with 
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acceptable toxicity and no unexpected safety signals. 
These findings were practice-changing and rapidly in-
corporated into international guidelines, establishing 
FTD/TPI plus bevacizumab as a preferred ≥3L op-
tion. 

Post-SUNLIGHT meta-analyses and real-world 
studies have confirmed the efficacy and safety of this 
combination, including in patients previously treated 
with bevacizumab (19-21). The majority of studies re-
ported non-significant toxicity in the combination 
group compared with FTD/TPI alone, except for 
neutropenia, which ranged up to 45% of patients and 
remains manageable with appropriate monitoring. 
Exploratory studies evaluating inflammatory markers, 
such as the neutrophil-to-lymphocyte and lympho-
cyte-to-monocyte ratios, as predictive biomarkers are 
ongoing but not yet validated for routine use (22, 23). 

 
4. Fruquintinib 

 
Fruquintinib is a highly selective oral tyrosine kinase 
inhibitor targeting VEGFR1–3, designed to provide 
potent and sustained inhibition of tumor angiogene-
sis, thereby depriving cancer cells of nutrients and ox-
ygen. 

Its approval for refractory mCRC was based on 
the phase III FRESCO-2 trial (24), which included 
691 heavily pretreated patients who had progressed af-
ter standard therapies, including regorafenib or 
FTD/TPI. Fruquintinib significantly improved OS 
(7.4 vs. 4.8 months; HR 0.66; 95% CI, 0.55–0.80;p< 
0.001) and PFS (3.7 months vs 1.8 months, with a 
HR 0.32; 95% CI 0.26-0.38;p< 0.001)compared 
with placebo. While ORR was low (1.5%), disease 
control was achieved in over half of treated patients. 
Benefit was observed irrespective of RAS mutation 
status or prior anti-VEGF therapy. 

The safety profile of fruquintinib was favorable, 
with grade ≥3 AEs comparable to placebo. The most 
common toxicities included hypertension, fatigue, 
and hand–foot syndrome, which are generally man-
ageable with dose adjustments. 

Real-world studies (25-27) have further sup-
ported these findings, reporting median OS values 
equal to or greater than those observed in FRESCO-
2, with consistent safety outcomes. As with other ≥3L 
agents, preserved ECOG performance status emerged 
as the most important predictor of benefit, while poor 
functional status was associated with inferior out-
comes (25). 

5. Anti-EGFR rechallenge guided by liq-
uid biopsy 

 
Anti-EGFR rechallenge represents a biomarker-
driven therapeutic strategy for patients with mCRC 
who harbor RAS- and BRAF-wild-type tumors and 
previously derived clinical benefit from anti-EGFR 
agents in first-line treatment. Acquired resistance to 
cetuximab or panitumumab most commonly arises 
through emergent mutations in RAS, BRAF, or the 
EGFR extracellular domain (EGFR-ECD) (28). Im-
portantly, these resistant subclones have been shown 
to decay after discontinuation of anti-EGFR therapy, 
often within four months, providing a strong biologi-
cal rationale for rechallenge strategies in later treat-
ment lines. The advent of circulating tumor DNA 
(ctDNA) analysis has enabled real-time, non-invasive 
monitoring of tumor molecular status and has be-
come central to identifying patients who may regain 
sensitivity to EGFR inhibition in the ≥3L setting. 

Prospective clinical evidence supports the utility 
of ctDNA-guided anti-EGFR rechallenge. In the 
phase II CRICKET trial (29), patients with RAS 
wild-type ctDNA at the time of rechallenge achieved 
significantly improved progression-free survival (PFS) 
and disease control with cetuximab plus irinotecan 
compared with those harboring RAS mutations (me-
dian PFS 4.0 vs 1.9 months; HR 0.44; 95% CI 0.18–
0.98; P = 0.03). These findings established ctDNA 
RAS status as a predictive biomarker for rechallenge 
benefit. The CHRONOS trial (30) further refined 
patient selection by enrolling only patients with no 
detectable RAS, BRAF, or EGFR-ECD mutations in 
ctDNA. Panitumumab monotherapy achieved dura-
ble disease control, with a disease control rate exceed-
ing four months in 63% of patients (95% CI 41–
78%). 

Additional strategies have explored combination 
approaches. The phase II CAVE trial (31) evaluated 
cetuximab combined with the PD-L1 inhibitor 
avelumab as a chemotherapy-free rechallenge regimen 
in heavily pretreated RAS wild-type mCRC. mPFS of 
5.4 months (HR: 0.62; 95% CI: 0.42-0.92; P=0.017) 
and mOS of 15.0 months (HR: 0.61; 95% CI: 0.39-
0.97; P=0.037) were achieved, demonstrating man-
ageable toxicity and encouraging survival outcomes, 
suggesting potential synergy between EGFR inhibi-
tion and immune modulation. 

More recently, a pooled analysis of four Italian 
phase II trials (31) confirmed the clinical relevance of 
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anti-EGFR rechallenge in molecularly selected pa-
tients. In ctDNA-confirmed RAS/BRAF wild-type 
mCRC, rechallenge achieved an overall response rate 
of approximately 17.5%, a disease control rate exceed-
ing 70%, a median PFS of around 4 months, and a 
median overall survival of approximately 13 months. 

The aforementioned studies were all phase II, 
conducted on a relatively small cohort, while phase III 
studies (e.g., the FIRE-4 study) are ongoing. There-
fore, although anti-EGFR rechallenge based on 
ctDNA shows encouraging results, it cannot yet be 
recommended for routine clinical use. 

 
6. BRAF V600E–mutated metastatic col-
orectal cancer 

 
BRAF V600E mutations occur in approximately 8–
10% of metastatic colorectal cancers and are associ-
ated with aggressive disease biology and poor progno-
sis (32). Targeting the MAPK pathway has proven ef-
fective in this subgroup, particularly through com-
bined inhibition strategies. While BRAF-targeted 
therapy may be used earlier when feasible, it remains 
a recommended and relevant option in the third-line 
setting for patients with progressive disease. 

The phase III BEACON CRC trial (33) estab-
lished the combination of a BRAF inhibitor (encoraf-
enib) with an anti-EGFR antibody (cetuximab) as a 
standard of care in previously treated BRAF V600E–
mutated mCRC. This regimen significantly im-
proved overall survival (HR=0.60; 95% CI, 0.45-
0.79; P<0.001), ORR of 20%, and quality of life 
compared with standard chemotherapy. The addition 
of a MEK inhibitor did not confer additional benefit 
and increased toxicity, leading to adoption of the dou-
blet as the preferred approach. 

More recently, the phase III BREAKWATER 
trial (34) evaluated encorafenib plus cetuximab com-
bined with chemotherapy as first-line treatment for 
BRAF V600E-mutated mCRC. The regimen signifi-
cantly improved progression-free survival, overall sur-
vival, and response rates compared with standard 
chemotherapy ± bevacizumab, supporting its emerg-
ing role as a first-line option. Early results show very 
high response rates and promising efficacy (ORR 
60.9%; odds ratio, 2.443; 95% CI 1.403–
4.253; P = 0.0008), but final mature PFS/OS results 
and guideline changes are pending publication and 
longer follow-up. 

 

7. Anti-HER2–targeted therapy 
 

HER2 amplification or overexpression occurs in ap-
proximately 2–5% of metastatic colorectal cancers 
and is associated with resistance to anti-EGFR ther-
apy (35). In HER2-positive, RAS/BRAF wild-type 
mCRC, HER2-targeted therapy has emerged as an 
effective third-line alternative to conventional cyto-
toxic or antiangiogenic approaches in this molecu-
larly defined subgroup. 

Multiple phase II studies have established the 
efficacy of HER2-directed regimens in ≥3L mCRC. 
The HERACLES trial (36) demonstrated durable 
responses with trastuzumab plus lapatinib, while the 
MyPathway (37) study reported significant activity 
with trastuzumab combined with pertuzumab. 
More recently, antibody–drug conjugates have 
shown particularly promising results. Trastuzumab 
deruxtecan demonstrated an objective response rate 
in one third of patients, and prolonged disease con-
trol in heavily pretreated patients in the DESTINY-
CRC02 phase II trial (38), leading to its inclusion 
in current treatment guidelines for HER2-positive 
mCRC after failure of standard therapies. These 
regimens are generally well tolerated, though inter-
stitial lung disease remains a notable toxicity requir-
ing careful monitoring, occurring in about 10% of 
patients. Phase III trials (e.g., DESTINY-CRC03) 
are currently active and aim to further demonstrate 
the effectiveness of anti-HER2 therapy in the treat-
ment of mCRC, with prolongation of OS as the pri-
mary objective. 

 
8. KRAS G12C–mutated metastatic colo-
rectal cancer 
 
KRAS G12C mutations are present in approxi-
mately 3–4% of metastatic colorectal cancers and 
define a distinct molecular subgroup with histori-
cally limited targeted treatment options. Unlike in 
non-small cell lung cancer, single-agent KRAS 
G12C inhibition has demonstrated modest activity 
in mCRC due to adaptive resistance mechanisms, 
particularly through EGFR-mediated reactivation 
of the pathway (38). As a result, combination strat-
egies targeting both KRAS G12C and EGFR have 
emerged as the preferred therapeutic approach in 
the refractory setting. 

Clinical evidence supporting this strategy has led 
to its inclusion in current treatment recommendations 
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for previously treated KRAS G12C–mutated 
mCRC. The combination of adagrasib, a selective 
KRAS G12C inhibitor, with cetuximab demon-
strated clinically meaningful antitumor activity in 
heavily pretreated patients, with improved objective 
response rates (46% of patients) and a median pro-
gression-free survival of 7 months, compared with 
historical outcomes of standard ≥3L therapies (39). 
Similar efficacy has been observed with sotorasib 
combined with panitumumab, with an ORR of 
over 25% and mPFS of more than 5 months 
(HR=0.49; 95% CI, 0.30-0.80; P = 0.006), further 
supporting the biological rationale of dual pathway 
inhibition (40). These combinations are generally 
better tolerated than conventional chemotherapy, 
with manageable gastrointestinal, dermatologic, and 
hepatic toxicities. 

While KRAS G12C–targeted therapy repre-
sents a significant advance, responses remain less du-
rable. Resistance eventually develops, and long-term 
disease control remains uncommon. Nevertheless, 
in the third-line or later setting, KRAS G12C inhib-
itor–based combinations provide a valuable, molec-
ularly tailored option with superior efficacy com-
pared to the previous standard of care. 

 

9. Unmet needs and future directions 
 
Despite recent advances, several unmet needs persist 
in ≥3L mCRC. First, overall response rates remain 
low for most later-line therapies, with disease stabili-
zation rather than tumor shrinkage being the predom-
inant outcome. Second, predictive biomarkers for pa-
tient selection are limited; aside from RAS/BRAF 
ctDNA-guided anti-EGFR rechallenge, no validated 
markers reliably identify patients most likely to benefit 
from regorafenib, fruquintinib, or FTD/TPI. Third, 
resistance mechanisms emerge rapidly, particularly in 
targeted therapies such as KRAS G12C inhibitors or 
HER2-directed regimens, limiting the durability of 
responses. Fourth, clinical trial populations often ex-
clude patients with poor performance status, leaving a 
gap in evidence for a substantial proportion of real-
world patients who may not tolerate intensive ther-
apy. Finally, sequencing and combination strategies 
remain poorly defined; while data suggest earlier use 
of certain agents may be beneficial, standardized algo-
rithms integrating molecular profiling, prior therapy 
exposure, and patient fitness are lacking. Addressing 
these gaps through biomarker discovery, novel com-
bination approaches, and adaptive trial designs is es-
sential to improve outcomes and provide truly person-
alized therapy in later-line mCRC. 

 
 
ABBREVIATIONS 
≥3L – Third-line or later treatment 
AE – Adverse event 
BRAF – v-raf murine sarcoma viral oncogene homolog B 
CRC – Colorectal cancer 
ctDNA – Circulating tumor DNA 
DCR – Disease control rate 
ECOG – Eastern Cooperative Oncology Group 
EGFR – Epidermal growth factor receptor 
EGFR-ECD – EGFR extracellular domain 
FTD/TPI – Trifluridine/tipiracil 
HER2 – Human epidermal growth factor receptor 2 
KRAS – Kirsten rat sarcoma viral oncogene homolog 
mCRC – Metastatic colorectal cancer 
mOS – Median overall survival 
mPFS – Median progression-free survival 
MSI – Microsatellite instability 
NTRK – Neurotrophic tropomyosin receptor kinase 
ORR – Objective response rate 
OS – Overall survival 
PDGFR – Platelet-derived growth factor receptor 
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PFS – Progression-free survival 
PS – Performance status 
RAS – Rat sarcoma viral oncogene homolog 
VEGF – Vascular endothelial growth factor 
VEGFR – Vascular endothelial growth factor receptor 
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