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Abstract 

Background  The optimal treatment for metastatic colorectal cancer (mCRC) after the second line is still controver-
sial. Regorafenib has been the standard of care in this setting as it improved overall survival (OS) compared to pla-
cebo. In real-world practice chemotherapy rechallenge is also a preferred option even though supporting evidence 
is not enough. We aim to compare the efficacy of regorafenib and 5-fluorouracil-based (5-FU) rechallenge treatment 
in the third line setting of mCRC.

Methods  In this retrospective multi-institutional trial, mCRC patients from 21 oncology centers who progressed 
after 2 lines of chemotherapy were analyzed. Patients who were treated with regorafenib or rechallenge therapy 
in the third-line setting were eligible. Rechallenge chemotherapy was identified as the re-use of the 5-FU based regi-
men which was administered in one of the previous treatment lines. OS, disease control rate (DCR), progression free 
survival (PFS) and toxicity were analyzed.

Results  Three hundred ninety-four mCRC patients were included in the study. 128 (32.5%) were in the rechal-
lenge, and 266 (67.5%) were in the regorafenib group. Median PFS was 5.82 months in rechallenge and 4 months 
in regorafenib arms (hazard ratio:1.45,95% CI, p = 0.167). DCR was higher in the rechallenge group than regorafenib 
(77% vs 49.5%, respectively, p =  < 0.001). Median OS after the third-line treatment was 11.99 (95% CI, 9.49–14.49) 
and 8.08 months (95% CI, 6.88–9.29) for rechallenge and regorafenib groups, respectively (hazard ratio:1.51, 95% CI, 
p < 0.001). More adverse effects and discontinuation were seen with regorafenib treatment.

Conclusion  Our study revealed that higher disease control and OS rates were achieved with rechallenge treatment 
compared to regorafenib, especially in patients who achieved disease control in one of the first two lines of therapy.
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Background
Colorectal cancer (CRC) contributes highly to cancer-
mortality [1]. De novo metastatic patients compose one 
fourth of CRC patients where 25–30% of patients with 
early-stage or locally advanced disease become meta-
static within 5 years [2]. The 5-year survival is only 6% 
[3]. Fluoropyrimidine-based treatments either with oxali-
platin or irinotecan formed the backbone of metastatic 
CRC (mCRC) for decades [4, 5]. Introduction of targeted 
therapies to backbone treatment prolonged the overall 
survival (OS) up to 30 months [6, 7]. Yet, disease progres-
sion is inevitable. Once the tumor cells develop resist-
ance to two main cytotoxic drugs used consecutively, the 
remaining options are very few [8].

The recommended third-line treatments for mCRC 
are either a multi-targeted tyrosine kinase inhibitor, 
regorafenib, or oral nucleoside analogue, trifluridine/
tipiracil (TAS-102) [8]. While these agents brought an 
alternative to best supportive care, which was the opti-
mal treatment before, they yield minimal response rate 
and short progression free survival (PFS) (1.9 months 
for regorafenib (HR 0.49) and 2 months for trifluridine/
tipiracil (HR 0.48)) and OS (6.4 months for regorafenib 
(HR 0.77) and 7.1 months for trifluridine/tipiracil (HR 
0.68) [9, 10]. The limited efficacy of these treatments 
caused the introduction of chemotherapy rechallenge 
in clinical practice though there is limited data to sup-
port this approach [11–14]. Chemotherapy (CT) rechal-
lenge is reintroduction of the same therapy, after an 
intervening treatment, to which the tumor developed 
resistance. There are studies conducted with limited 
number of patients to assess the efficacy of CT rechal-
lenge [15–17]. The promising results were gained with 
rechallenge of oxaliplatin, irinotecan, bevacizumab 
and cetuximab; however, neither of them compared the 
rechallenge chemotherapy with the standard third-line 
treatment [18–21]. There are only two retrospective stud-
ies comparing regorafenib and rechallenge chemotherapy 
in the third-line which have contradictory results [22, 
23]. In this study, we aimed to evaluate the efficacy of 
regorafenib versus CT rechallenge in the third-line treat-
ment of mCRC.

Methods
Study design and patients
The data of patients with mCRC diagnosed between 2010 
and 2019 in 21 oncology centers were analyzed, retro-
spectively. Patients who were treated with 3 or more lines 
of chemotherapy were included in the study. The demo-
graphic and clinical characteristics of the patients, path-
ological features, mutation status, treatment schedules 
and response, follow-up data about safety of treatment 
and survival data were obtained from medical records. 

Eastern Oncology Group (ECOG) performance status 
of patients with 0 and 1 are evaluated in the same group 
in order to avoid conflict in retrospective data-based 
studies. Patients were grouped as either rechallenge or 
regorafenib according to the third-line treatment they 
received. Oligometastatic disease was defined as up to 5 
lesions.

Rechallenge chemotherapy was defined as re-use of the 
same or the 5-fluouracil based regimen that was admin-
istered in one of the first two lines of mCRC. 5-fluoura-
cil (5-FU) based chemotherapy either with oxaliplatin 
(FOLFOX/XELOX) or irinotecan (FOLFIRI/XELIRI) or 
both (FOLFIRINOX/XELIRINOX) was administered 
as rechallenge. Patients were allowed to receive biologi-
cal treatment consisting of either anti-EGFR antibody 
(cetuximab, panitumumab) or anti-VEGF antibody (bev-
acizumab, aflibercept) in combination with chemother-
apy according to mutation status of KRAS, NRAS and 
BRAF. If patients received maintenance treatment after 
achieving disease control, induction followed by main-
tenance treatment was considered as one line of ther-
apy. Treatment response evaluation was done according 
to RECIST 1.1 criteria. Clinical benefit rate (complete 
response plus partial response plus stable disease) was 
defined as response to previous line of therapies. The pri-
mary end point was OS, and secondary end points were 
PFS and safety of rechallenge and regorafenib treatment. 
Subgroup analyses were done to evaluate factors affecting 
survival.

Statistical analyses
Data were analyzed using SPSS (Statistical Package for 
the Social Sciences) version 25.0 (IBM Corp., Armonk, 
NY, USA). Descriptive statistical methods (number, per-
centage, median, etc.) were used. PFS was defined as the 
interval between the date of first cycle of new treatment 
and the date of progression. OS was calculated from the 
diagnosis until the date of death from any cause or last 
follow-up. OS after third-line treatment was calculated 
from the start of third-line treatment until the date of 
death from any cause or last follow-up. Kaplan–Meier 
method was used for survival estimates. The effects of 
various prognostic factors related to tumor and patient 
characteristics on progression-free and overall survival 
were compared by log-rank test. The influence of mul-
tiple prognostic factors on progression-free and overall 
survival were investigated using the multivariate Cox 
regression test. Categorical comparisons between groups 
were calculated with Chi-Square Tests (Pearson Chi-
Square, Continuity Correction, Fisher’s Exact Test). The 
results were evaluated at the 95% confidence interval and 
two-sided p < 0.05 was considered to indicate statistical 
significance.
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Results
Patient characteristics
A total of 394 patients were included in the study. Of 
these, 128 (32.5%) were in the rechallenge, and 266 
(67.5%) were in the regorafenib group. The median 
age of the patients was 57 (range: 25–84) years. 50% 
of the patients were female. The proportion of female 
patients in the rechallenge group was higher than in 
the regorafenib group (50 vs 35.7%, p = 0.023). The two 
groups’ mutation and metastatic status (synchronous 
or metachronous) were similar. The detailed demo-
graphic and molecular characteristics of patients are 
shown in Table  1. KRAS, NRAS and BRAF mutation 
tests were evaluated in 94.4%, 84.7% and 59.6 of the 
patients, respectively. There was no significant differ-
ence between two groups in terms of mutation status.

Treatment
In the rechallenge group, 60 patients received oxaliplatin-
FU-based chemotherapy like FOLFOX or XELOX (in 
combination with anti-VEGF treatment in 34 patients, in 
combination with anti-EGFR treatment in 18 and with-
out a biological agent in 8). 39 patients received FOLFIRI 
or XELIRI (in combination with anti-VEGF treatment in 
25 patients, in combination with anti-EGFR treatment 
in 10, and without a biological agent in 4). 23 patients 
received FOLFIRINOX (in combination with anti-VEGF 
treatment in 17 patients, in combination with anti-EGFR 
treatment in 2, and without a biological agent in 4). Other 
treatments were as follows: capecitabine monotherapy 
(5 patients) and infusion 5-FU/Leucovorin (1 patient). 
71 patients (55.5%) in the rechallenge group received 
the same chemotherapy as the first-line, and 29 (22.6%) 
patients as the second-line treatment.

In the rechallenge group, 76 (59.3%) patients received 
anti-VEGF treatment in combination with chemother-
apy, whereas 30 patients (23.4%) received anti-EGFR 
treatment in combination with chemotherapy (Table 2). Table 1  Baseline Patient Characteristics

ECOG PS Eastern Oncology Group Performance Scale, MSI microsatellite 
instability, MSS microsatellite stable
a Status at the time of diagnosis

Rechallenge 
(n = 128) 
n(%)

Regorafenib 
(n = 266) 
n(%)

p

Age, median 
(min–max)

55 (33–80) 58 (25–84) .170

Sex Female 64 (50) 95 (37.8) .023

Male 64 (50) 156 (62.2)

ECOG PS 0/1 115 (89.8) 228 (85.7) .253

2 13 (10.2) 38 (14.4)

Tumor side Right colon 18 (14.1) 54 (20.4) .129

Left colon 110 (85.9) 211 (79.6)

Metastatic statusa Metachronous 48 (37.5) 110 (41.4) .464

Synchronous 80 (62.5) 156 (58.6)

Metastatic Sitea Single Site 88 (73.9) 167 (65.7) .112

Multiple Sites 31 (26.1) 87 (34.3)

Liver Only Yes 71 (55.5) 157 (59.1) .503

No 57 (44.5) 109 (40.9)

KRAS Wildtype 71 (55.4) 145(54.5) .337

Mutant 44 (34.3) 112 (42.1)

Missing 13 (10.1) 9 (3.4)

NRAS Wildtype 78 (60.9) 194 (72.9) .122

Mutant 24 (18.7) 38 (14.2)

Missing 26 (20.3) 34 (12.7)

BRAF Wildtype 59 (46) 160 (60.1) .158

Mutant 7 (5.4) 9 (3.4)

Missing 62 (48.4) 97 (36.4)

Microsatellite 
status

MSS 14 (10.9) 43 (16.1) .279

MSI-high 2 (1.6) 2 (0.75)

Missing 112 (87.5) 221 (83.1)

Table 2  Characteristics of Rechallenge Treatment

XELOX capecitabine and oxaliplatin, CR complete response, PR partial response, 
SD stable disease, PD disease progression, VEGF vascular endothelial growth 
factor, EGFR endothelial growth factor receptor
a Others include capecitabine monotherapy, 5-FU/Leucovorin infusion

Rechallenge 
(n = 128)

Chemotherapy, n (%)

  Oxaliplatin based treatment (FOLFOX/XELOX) 60 (46.8)

  Irinotecan based treatment (FOLFIRI/XELIRI) 39 (30.4)

  Irinotecan and oxaliplatin based treatment (FOL-
FIRINOX)

23 (17.9)

  Othersa 6 (4.6)

Rechallenge chemotherapy regimen (n = 128)
  Same as first-line, n (%) 71 (55.5)

  Same as second-line, n (%) 29 (22.6)

  Both oxaliplatin and irinotecan in rechallenge, n (%) 22 (17.2)

  Only FU-based, n (%) 6 (4.7)

Biological agent combined with chemotherapy, n(%)
  Anti-VEGF 76 (59.3)

  Anti-EGFR 30 (23.4)

  None 22 (17.2)

Prior exposure of the biological agent used in rechallenge, 
(n = 106, %)
  Yes 73 (68.9)

  No 33 (31.1)

  Anti-VEGF in third-line 10 (30)

  Anti-EGFR (cetuximab/panitumumab) in third-line 23 (70)

Prior response to chemotherapy used in rechallenge, n(%)
  CR + PR + SD 112 (70.8)

  PD 16 (29.1)



Page 4 of 10Taşçı et al. BMC Cancer           (2024) 24:16 

Regarding biological agents, 73 (68.9%) patients in the 
rechallenge group were exposed to the same biologi-
cal agent either in the first- or second line. However, 33 
(31.1%) patients received a biological agent that they were 
not exposed to in either previous line. In 16 patients, 
prior response to chemotherapy used in rechallenge was 
progression. Of these, 6 patients received the same bio-
logical agent (3 responded as progressive disease, 2 had 
partial response and 1 had stable disease with the same 
agent in third line) and 10 patients received different bio-
logical agent (3 had stable disease, 1 had partial response 
and 6 had progressive disease).

The ratio of patients responding to both the first- and 
second-line of chemotherapy was similar (64.6 vs. 65.6% 
for the regorafenib and rechallenge group, respectively). 
In the regorafenib group, 5.1% of patients had progressive 
disease as the best response to both lines of treatment. 
At the same time, there were no patients that were resist-
ant to both prior lines of therapy in the rechallenge group 
(Table 3).

43.4% (n = 171) of the patients received fourth-line 
treatment. The rate of forth-line treatment was 58.5% in 
the rechallenge group and 36% in the regorafenib group 
(p =  < 0.001). 46 patients (35.9%) in the rechallenge group 
received regorafenib as fourth-line treatment.

Efficacy
The median follow-up was 42.55 (range, 39.39–45.70) 
months from the diagnosis. Median PFS was 10.7 
months after first-line, 8.4 months after second-line, 
and 4.53 months after third-line treatment for all 
patients. In the third-line treatment, the disease con-
trol rate was higher in the rechallenge treatment group 
than in the regorafenib group (77% vs 49.5%, respec-
tively, p =  < 0.001). The median PFS was 5.82 months 
for rechallenge and 4.01 months for regorafenib group 
in third-line treatment. There was no statistically sig-
nificant difference between two groups (p = 0.167, 
Fig. 1A). The univariate analysis revealed that PFS after 
third-line treatment was significantly longer in women 
(p < 0.001), in patients with metachronous metastasis 
(p = 0.031) (Table 4) and in patients with RAS mutation 

(p = 0.009). Multivariate analysis was performed to 
assess the independent predictors for PFS. Male sex 
[HR = 1.52(1.21–1.91), p < 0.001] and resistance to 
both prior lines of treatment [HR = 3.19(1.72–5.94), 
p < 0.001) were independent predictors of shorter PFS.

During follow-up, 363 (77.2%) patients died due to 
disease progression (Table  5). Median OS from diag-
nosis of metastatic disease was 48.73 months in the 
rechallenge and 37.95 months in the regorafenib group 
(p = 0.001, Fig.  1B). OS after the third-line treatment 
was significantly better in the rechallenge group com-
pared to the regorafenib group (11.99 vs 8.08 months, 
HR:1.51(1.18–1.94), p < 0.001, Fig.  1C). OS after third-
line of treatment was better in females (p = 0.011) and 
in those who responded to first 2 lines of treatment 
(p < 0.001). Although tumor sidedness (right vs left) 
and metastasis status (metachronous vs synchronous) 
were predictive factors for OS after the initial diagnosis 
of metastasis, these factors did not influence OS after 
third-line treatment. RAS mutation status was not a 
predictive factor for OS (p = 0.240).

In the multivariate analysis, the independent deter-
minants of longer OS after diagnosis of metastasis were 
female sex [HR = 0.75 (0.59–0.95), p = 0.023], rechal-
lenge treatment [HR = 0.681 (0.528–0.879), p = 0.003] 
and chemosensitivity to both prior lines of treatment 
[HR = 0.290 (0.167–0.506), p < 0.001]. The independent 
determinants of longer OS after third-line treatment 
were female sex [HR = 0.69 (0.54–0.88), p = 0.003], 
rechallenge treatment [HR = 0.717 (0.556–0.924), 
p = 0.010] and response to both prior lines of treatment 
[HR = 0.428 (0.245–0.748), p = 0.003].

There was no statistically significant PFS differ-
ence between the rechallenge and regorafenib arms 
according to the response to previous lines of therapy 
(Table 6). Median OS was significantly better in rechal-
lenge arm if the patients were sensitive to at least one 
prior line of therapy (p < 0.001 and p = 0.031 for both 
lines and one line, respectively). There was no signifi-
cant survival difference between patients who received 
new biological agent during rechallenge and who 
received the one they were previously exposed to (11.99 
and 11.47 months, respectively, p = 0.942).

Table 3  Response to Prior Lines in Regorafenib and Rechallenge Groups

CR complete response, PR partial response, SD stable disease

Regorafenib (n = 266) Rechallenge (n = 128) p

Response to both prior lines of treatment (CR + PR + SD), n(%) 172 (64.6) 84 (65.6) .851

Response to one prior line of treatment (CR + PR + SD), n(%) 79 (29.6) 44 (34.3) .348

Progression under both lines of treatment, n(%) 15(5.1) 0(0) .004
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Fig. 1  A Progression Free Survival after the Initiation of Third-line Treatment. B Overall Survival from the Diagnosis. C Overall Survival 
from the Initiation of Third-line Treatment
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Safety
Adverse events (AE) were observed in 308 (78.2%) 
patients. Grade 3 and 4 AE were seen in 70 (17.8%) and 
9 (2.3%) patients. The incidence of AE in the regorafenib 
group was statistically higher than the rechallenge group 
(84.2% vs 65.6%, p =  < 0.001). Dose reduction was done in 
155 (60.7%) patients in the regorafenib group. 74 (47.7%) 
of these reductions were 25% of the original dose. In the 

regorafenib group, patients whose dose were reduced 
by 50% or more had a shorter OS (6.05 vs 11.21 months 
respectively, p = 0.003). Nausea, diarrhea, mucositis, 
acneiform rash, and hepatotoxicity were significantly 
higher in the regorafenib group, while neuropathy was 
higher in the rechallenge (p < 0.001). 25 (10.1%) patients 
in regorafenib and 3 (4.2%) patients in the rechallenge 
group discontinued treatment due to side effects. No 

Table 4  Progression Free Survival after Third-line Treatment

ECOG PS Eastern Oncology Group Performance Scale
a  = at the time of diagnosis

n Median PFS, months (95%CI) p

Treatment Rechallenge 128 5.82 (4.97–6.66) .167

Regorafenib 266 4.01 (3.48–4.53)

Age, years < 60 226 4.47 (3.85–5.09) .555

≥ 60 165 4.57 (3.28–5.85)

Sex Female 159 5.75 (4.59 – 6.91) < .001

Male 219 4.11 (3.46 – 4.76)

ECOG PS 0/1 267 4.69 (3.95 – 5.44) .133

2 51 3.94 (2.84–5.08)

Tumor side Right colon 72 4.37 (3.47 – 5.27) .925

Left colon 320 4.69 (4.04 – 5.35)

Metastases statusa Synchronous 236 4.37 (3.56 – 5.09) .031

Metachronous 157 4.79 (3.95 – 5.65)

Response to prior 2 lines Disease control in both lines 256 4.86 (4.24–5.49) < .001

Disease control in one line 123 4.01 (3.02–4.99)

Resistant to both lines 15 2.96 (2.75–3.16)

Table 5  Overall Survival after Diagnosis and  Third-line Treatment

ECOG PS Eastern Oncology Group Performance Scale
a Status at the time of diagnosis

n Median Survival from 
diagnosis, months (95%CI)

p Median Survival after 
third-line, months (95%CI)

p

Treatment Rechallenge 123 48.73 (42.12–55.33) .001 11.99 (9.49–14.49) < .001

Regorafenib 259 37.95 (34.65–41.24) 8.08 (6.88–9.29)

Age, years < 60 218 44.49 (39.72–49.25) .101 9.43 (7.86–10.99) .557

≥ 60 163 40.27 (34.83–45.67) 10.05 (8.27–11.83)

Sex Female 157 44.91 (43.17–46.64) .011 11.30 (9.09–13.51) < .001

Male 215 39.33 (36.03–42.26) 8.08 (6.20–9.96)

ECOG PS 0/1 260 42.78 (37.96–47.59) .199 10.58 (8.63–12.52) .138

2 48 37.65 (24.04–51.26) 6.64 (4.89–8.38)

Tumor side Right 69 32.33 (23.88–40.78) .024 7.62 (5.67–9.58) .074

Left 312 44.65 (41.61–47.69) 10.05 (8.66–11.45)

Metastases statusa Synchronous 229 34.07 (29.72–38.43) < 0.001 9.43 (8.12–10.74) .164

Metachronous 153 57.66 (49.38–65.94) 9.63 (7.17–12.08)

Response to first 2 lines Disease control in both lines 248 47.08 (43.63–50.53) < .001 10.74 (9.59–11.89) .001

Disease control in 1 line 119 31.80 (24.37–39.24) 7.56 (5.64–9.47)

Resistant to both lines 15 14.92 (11.59–18.23) 3.94 (2.82–5.06)
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treatment-related deaths occurred. Adverse events are 
summarized in Table 7.

Discussion
The most powerful treatment against mCRC is 5-FU 
based treatments. However, progression after two lines of 
doublet chemotherapy is unavoidable. Contribution with 
biological agents has little impact in improvement of OS. 
In this setting, rechallenge treatment was started to be 
investigated. Although regorafenib is the standard third-
line treatment of mCRC in guidelines, it is still not clear 
if it is the optimal approach since it was just compared to 
placebo instead of an active treatment arm [8].

In this study, rechallenge treatment showed better dis-
ease control rate and OS compared to regorafenib treat-
ment in third-line. However, the difference in PFS was 
not statistically significant. The cancer-specific survival 
data is missing in our study. There was no significant 
survival difference between patients who received a new 
biological agent during rechallenge and who received the 

one they were previously exposed to. So the efficacy of 
rechallenge treatment can only be attributed to rechal-
lenge chemotherapy. Another possible reason of the 
lower survival rates seen with regorafenib may be the 
need for dose reduction related to adverse events. 60% of 
regorafenib patients required ≥ 50% dose reduction due 
to intolerance. The decrease in efficacy with inadequate 
doses of regorafenib is a well-known entity. Regorafenib 
was also shown to cause more toxicity resulting in dis-
continuation of treatment. As a result, fourth-line treat-
ment chance is higher with rechallenge treatment. Our 
study also revealed that chemosensitivity to prior lines 
of treatment was a major factor in choosing between the 
treatment options.

The CORRECT and CONCUR trials proved OS 
improvement with regorafenib against placebo after ≥ 2 
or more lines of therapy (1.4 and 2 months, respec-
tively) [9, 24] The PFS and OS with regorafenib treat-
ment in our study (4.01 and 8.08 months, respectively) 
were comparible with the findings of CONCUR trial (3.2 

Table 6  Progression free and Overall Survival according to Response to Prior Lines of Therapy

PFS progression free survival, OS overall survival

Rechallenge (n = 128) Regorafenib (n = 266) p

Median PFS
  Responded to both lines of prior therapy 6.57 (4.95–8.20) 4.3 (3.70–4.9) .170

  Responded to one line of prior therapy 4.37 (1.97–6.77) 3.94 (2.77–5.12) .763

  Resistant to both 2.96 (2.75–3.16)

Median OS after third-line of treatment
  Responded to both lines of prior therapy 11.99 (9.49–14.49) 8.08 (6.88–9.29) < .001

  Responded to one line of prior therapy 8.15 (0.01–17.81) 6.97 (4.62–9.31) .031

  Resistant to both 3.94 (2.83–5.06)

Table 7  Adverse events

Rechallenge (n = 128) Regorafenib (n = 266) p p

Any Grade Grade3/4 Any Grade Grade3/4 Any Grade Grade 3/4

n(%)

Hematological
  Neutropenia 48 (37.5) 16 (12.5) 83 (31.2) 33 (12.4) .214 .979

  Thrombocytopenia 37 (28.9) 5 (3.9) 87 (32.7) 10 (3.8) .447 .943

  Anemia 58 (45.3) 0 (0) 148 (55.6) 9 (3.4) .055 .034

Non-hematological
  Nausea 55 (43) 3 (2.3) 174 (65.4) 26 (9.8) < .001 .007

  Diarrhea 37 (28.9) 2 (1.6) 154 (39.1) 21 (7.9) < .001 .011

  Mucositis 28 (21.9) 0 (0) 141 (53) 17 (6.4) < .001 .002

  Acneiform rash 7 (5.5) 1 (0.8) 69 (25.9) 10 (3.8) < .001 .112

  Hepatotoxicity 10 (7.8) 0 (0) 186 (30.1) 5 (1.9) < .001 .179

  Renal toxicity 12 (9.4) 0 (0) 30 (11.3) 2 (0.8) .566 > .999

  Neuropathy 55 (43) 8 (6.3) 57 (21.4) 4 (1.5) < .001 .023
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and 8.8 months, respectively). The higher PFS results 
in real-world studies can be attributed to the treatment 
response evaluation intervals (6–8 weeks in CORRECT 
and CONCUR trial vs 3–4 months in our study group). 
Main shortcoming of CONCUR and CORRECT tri-
als were comparing regorafenib with placebo instead of 
active-control. The PFS benefit is probably attributable to 
the ineffectiveness of control group. Most of the mCRC 
patients has performance score of 0–1 even after the sec-
ond-line of treatment and are eligible for systemic treat-
ments. Therefore, placebo would be an under-treatment 
for this population.

Before the approval of regorafenib in mCRC treatment, 
few studies questioned the role of chemotherapy rechal-
lenge in third-line. In an explanatory study, promising OS 
benefit was seen with oxaliplatin rechallenge therapy in 
patients who had received previous oxaliplatin and iri-
notecan therapy [25]. The rechallenge therapies assessing 
the efficacy of irinotecan also reported survival benefit 
with median OS of 6 and 7.3 months [19, 26]. The limi-
tation of these studies was not using 5-FU as the back-
bone treatment in the rechallenge. In our study, 95% of 
the patients in the rechallenge arm received 5-FU based 
chemotherapy. Although it is not a valid approach to do 
indirect comparisons, OS rates are better in the literature 
when irinotecan or oxaliplatin are used in combination 
with 5-FU derivatives rather than used as a single agent. 
Our study supports using 5FU based regimens in later 
lines of treatment.

The effect of rechallenge is well documented but not 
compared to standardized third-line treatment before 
2019. There are three retrospective trials in the litera-
ture with controversial results comparing the efficacy 
of regorafenib with chemotherapy rechallenge in the 
third-line setting [22, 23]. The PROSERpINA study 
[17] (n = 341), although underpowered and retrospec-
tive, showed the survival benefit of rechallenge against 
regorafenib and TAS-102 in small number of patients. 
Ergun et  al. [22] (n = 61) couldn’t find any significant 
difference between rechallenge and regorafenib treat-
ment in the third-line setting of mCRC in terms of OS 
and PFS, nevertheless, recommended rechallenge as an 
alternative treatment option to regorafenib in progres-
sive disease. They showed a better trend for survival with 
chemotherapy rechallenge if time to rechallenge was 
more than 6 months, but this also did not reach statisti-
cal significance. Kostek et al. [23] (n = 104), on the other 
hand, revealed that rechallenge is more effective than 
regorafenib in terms of PFS and OS, especially in patients 
with partial response or stable disease after first- and 
second-line therapies. These studies constitute the most 
similar design with rechallenge arm of our study however 
the main disadvantage of these studies is small sample 

size which should be cautiously interpreted. The full-text 
of PROSERpINA study has not been published so we 
cannot reach the details to make comparisons. Our study 
had similar characteristic in terms of ethnicity, mean 
age and performance status compared to other retro-
spective series. Our study reports the highest number of 
patients in literature comparing the two treatments and 
having OS benefit. One of the most likely explanations 
of OS benefit is the possibility of access to more lines 
of treatment after rechallenge therapy, whereas most of 
the patients are not eligible for further treatment after 
regorafenib treatment. The ongoing randomized FIRE-4 
trial [27] is the first prospective trial seeking the answer 
of rechallenge vs regorafenib in mCRC in the third-line 
setting. While waiting for the results of FIRE-4 trial, 
considering the lack of proactive data, the rechallenge 
therapy is another alternative treatment in the third-line 
treatment of mCRC.

The adverse events seen with rechallenge and 
regorafenib may change the course of treatment. In 81 
patients, regorafenib dose was reduced by ≥ 50% and this 
reduction was related to worse survival (6.05 vs 11.21 
months, respectively). In a study done by Dane et al. [28], 
regorafenib related toxicities led to treatment discontinu-
ation in 17% of patients which is compatible with the lit-
erature. The most common side effect of chemotherapy 
rechallenge was neuropathy which may sometimes be 
handled just with palliative treatment or dose reduc-
tion. The poorly tolerated treatments may cause non-
compliance, decrease efficacy and cause these patients 
to lose their opportunity to continue with fourth-line of 
treatment.

After the introduction of rechallenge in 2015 for the 
first time, ESMO guidelines mentioned the possibility 
of reintroducing the same therapy that the tumor has 
already been exposed to [29]. The mechanism under-
neath the success of chemotherapy rechallenge is still a 
question mark. It can be explained by the cellular hetero-
geneity of the cancer [30]. Tumor harbors cells that are 
resistant and sensitive to the treatment at the same time. 
Second line therapies may sensitize patients to the previ-
ous therapies by promoting the growth of sensitive clones 
to first line treatment or epigenetic changes may result in 
reversable tumor resistance after drug holiday [31].

The major limitation of our study is its retrospec-
tive nature. The medical records reached from differ-
ent centers may host bias. One of the most important 
data on treatment decisions, ECOG PS, is not fully reli-
able in data-based studies. Another possible limitation 
that cause lack of PFS benefit might be biased informa-
tion regarding the timing of disease progression. This 
can affect the accuracy of PFS measurements. Another 
one is the unmeasured confounding variables or factors 
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that influence disease progression but are not consid-
ered in the analysis. OS, being a more comprehensive 
endpoint, accounts for a broader range of factors that 
contribute to overall survival. Nevertheless, our patient 
population is representative of daily practice and when 
the efficacy of regorafenib in patients who progressed 
after multiple lines of therapy is considered, reintro-
duction of chemotherapy is a good third-line scenario 
to increase the treatment options in mCRC until rand-
omized studies are designed or prospective studies are 
concluded.

Conclusion
In the absence of data from prospectively randomized 
trials, comparing the rechallenge treatment with 
regorafenib in mCRC, our study contributes valuable 
data to literature. Higher disease control and OS rates 
were achieved with rechallenge treatment compared 
to regorafenib, especially in patients who achieved 
disease control in one of the first two lines of therapy. 
Rechallenge treatment should be preferred as a valu-
able option in patients with mCRC in third-line against 
approved therapies.

Abbreviations
CRC​	� Colorectal cancer
mCRC​	� Metastatic colorectal cancer
PFS	� Progression free survival
OS	� Overall survival
CT	� Chemotherapy

Acknowledgements
Special thanks to Turkish Oncology Group (TOG)

Authors’ contributions
EŞT, and BO, ÖS designed the study. EŞT, and BO wrote the manuscript. AUM 
made the statistical analysis. All other authors collected data and reviewed the 
manuscript.

Funding
All authors have no funding to declare.

Availability of data and materials
The database of the study is available in the corresponding author and will be 
sent when requested by e-mail.

Declarations

Ethics approval and consent to participate
This study approved by Ethical Committee of Acıbadem MAA University. 
Due to retrospective nature of the study, Ethical Committee waived off the 
informed consent in our study. All methods/ protocols were performed in 
accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Medical Oncology, Saglık Bilimleri University, Kanuni Sultan 
Süleyman Research and Training Hospital, Istanbul, Turkey. 2 Department 
of Medicine, Acıbadem MAA University, Istanbul, Turkey. 3 Department 
of Medical Oncology, Haseki Education and Research Hospital, Istanbul, Turkey. 
4 Department of Medical Oncology, Medipol Bahçelievler Hospital, Istanbul, 
Turkey. 5 Department of Medical Oncology, Konya City Hospital, Konya, Turkey. 
6 Department of Medical Oncology, Faculty of Medicine, Gaziantep University, 
Gaziantep, Turkey. 7 Meram Faculty of Medicine, Department of Medical Oncol-
ogy, Necmettin Erbakan University, Konya, Turkey. 8 Department of Medical 
Oncology, Mardin Education and Research Hospital, Mardin, Turkey. 9 Depart-
ment of Medical Oncology, Tekirdağ Dr. İsmail Fehmi Cumalıoğlu City Hospital, 
Tekirdağ, Turkey. 10 Department of Medical Oncology, Şişli Kolan Hospital, 
Istanbul, Turkey. 11 Department of Medical Oncology, Antalya Education 
and Research Hospital, Antalya, Turkey. 12 Department of Medical Oncology, 
Medical Park Hospital, Istanbul, Turkey. 13 Department of Medical Oncology, 
Sakarya University Research and Education Hospital, Sakarya, Turkey. 14 Depart-
ment of Medical Oncology, University of Health Sciences Umraniye Education 
and Research Hospital, Istanbul, Turkey. 15 Department of Medical Oncology, 
Binali Yıldırım University, Erzincan, Turkey. 16 Department of Medical Oncology, 
Mersin City Hospital, Mersin, Turkey. 17 Department of Medical Oncology, Der-
ince Education and Research Hospital, Kocaeli, Turkey. 18 Department of Medi-
cal Oncology, Adana City Hospital, Adana, Turkey. 19 Department of Medical 
Oncology, Anadolu Medical Center, Kocaeli, Turkey. 20 Department of Medical 
Oncology, Ankara City Hospital, Ankara, Turkey. 21 Department of Medical 
Oncology, Koç University Hospital, Istanbul, Turkey. 22 Department of Medical 
Oncology, Namık Kemal University, Tekirdağ, Turkey. 23 Department of Medical 
Oncology, Necip Fazıl City Hospital, Kahramanmaraş, Turkey. 24 Department 
of Medical Oncology, Bilim University, Istanbul, Turkey. 25 Department of Medi-
cal Oncology, Medical Park Bahçelievler Hospital, Istanbul, Turkey. 

Received: 21 February 2023   Accepted: 21 December 2023

References
	1.	 Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D, 

et al. ESMO consensus guidelines for the management of patients with 
metastatic colorectal cancer. Ann Oncol. 2016;27:1386–422.

	2.	 Shah MA, Renfro LA, Allegra CJ, André T, de Gramont A, Schmoll HJ, et al. 
Impact of patient factors on recurrence risk and time dependency of 
oxaliplatin benefit in patients with colon cancer: analysis from modern-
era adjuvant studies in the Adjuvant Colon Cancer End Points (ACCENT) 
database. J Clin Oncol. 2016;34:843–53.

	3.	 Coco C, Zannoni GF, Caredda E, Sioletic S, Boninsegna A, Migaldi M, et al. 
Increased expression of CD133 and reduced dystroglycan expression are 
strong predictors of poor outcome in colon cancer patients. J Exp Clin 
Cancer Res. 2012;31:71.

	4.	 Barone C, Nuzzo G, Cassano A, Basso M, Schinzari G, Giuliante F, et al. 
Final analysis of colorectal cancer patients treated with irinotecan and 
5-fluorouracil plus folinic acid neoadjuvant chemotherapy for unresect-
able liver metastases. Br J Cancer. 2007;97:1035–9.

	5.	 Grothey A, Sargent D. Overall survival of patients with advanced colo-
rectal cancer correlates with availability of fluorouracil, irinotecan, and 
oxaliplatin regardless of whether doublet or single-agent therapy is used 
first line. J Clin Oncol. 2005;23:9441–2.

	6.	 Heinemann V, von Weikersthal LF, Decker T, Kiani A, Vehling-Kaiser U, 
Al-Batran SE, et al. FOLFIRI plus cetuximab versus FOLFIRI plus beva-
cizumab as first-line treatment for patients with metastatic colorectal 
cancer (FIRE-3): a randomised, open-label, phase 3 trial. Lancet Oncol. 
2014;15:1065–75.

	7.	 Venook AP, Niedzwiecki D, Lenz HJ, Innocenti F, Mahoney MR, O’Neil BH, 
et al. CALGB/SWOG 80405: Phase III trial of irinotecan/5-FU/leucovorin 
(FOLFIRI) or oxaliplatin/5-FU/leucovorin (mFOLFOX6) with bevacizumab 
(BV) or cetuximab (CET) for patients (pts) with KRAS wild-type (wt) 
untreated metastatic adenocarcinoma of the colon or rectum (MCRC). J 
Clin Oncol. 2014;32:Abstr LBA3.



Page 10 of 10Taşçı et al. BMC Cancer           (2024) 24:16 

	8.	 Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor KK, 
et al. Colon Cancer, Version 2.2021, NCCN Clinical Practice Guidelines in 
Oncology. J Natl Compr Canc Netw. 2021;19:329–59.

	9.	 Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou M, et al. 
Regorafenib monotherapy for previously treated metastatic colorectal 
cancer (CORRECT): an international, multicentre, randomised, placebo-
controlled, phase 3 trial. Lancet. 2013;381:303–12.

	10.	 Mayer RJ, Van Cutsem E, Falcone A, Yoshino T, Garcia-Carbonero R, 
Mizunuma N, et al. Randomized trial of TAS-102 for refractory metastatic 
colorectal cancer. N Engl J Med. 2015;372:1909–19.

	11.	 D’Alpino Peixoto R, Kumar A, Lim HJ. Palliative oxaliplatin-based chemo-
therapy after exposure to oxaliplatin in the adjuvant setting for colon 
cancer. J Gastrointest Oncol. 2015;6:487–91.

	12.	 Tonini G, Imperatori M, Vincenzi B, Frezza AM, Santini D. Rechallenge 
therapy and treatment holiday: different strategies in management of 
metastatic colorectal cancer. J Exp Clin Cancer Res. 2013;32:92–100.

	13.	 Townsend AR, Bishnoi S, Broadbridge V, Beeke C, Karapetis CS, Jain K, 
et al. Rechallenge with oxaliplatin and fluoropyrimidine for metastatic 
colorectal carcinoma after prior therapy. Am J Clin Oncol. 2013;36:49–52.

	14.	 Tournigand C, Cervantes A, Figer A, Lledo G, Flesch M, Buyse M, et al. 
OPTIMOX1: a randomized study of FOLFOX4 or FOLFOX7 with oxaliplatin 
in a stop-and-go fashion in advanced colorectal cancer - A GERCOR 
study. J Clin Oncol. 2006;24:394–400.

	15.	 Suenaga M, Mizunuma N, Matsusaka S, Shinozaki E, Ozaka M, Ogura M, 
et al. Phase II study of reintroduction of oxaliplatin for advanced colorec-
tal cancer in patients previously treated with oxaliplatin and irinotecan: 
RE-OPEN study. Drug Des Devel Ther. 2015;9:3099–108.

	16.	 Byrne M, Saif MW. Selecting treatment options in refractory metastatic 
colorectal cancer. Onco Targets Ther. 2019;12:2271–8.

	17.	 Calegari MA, Zurlo IV, Basso M, Orlandi A, Bensi M, Camarda F, et al. 
Chemotherapy rechallenge or reintroduction (CTr/r), regofenib (REG) and 
TAS-102 for metastatic pretreated colorectal cancer (mCRC) patients (pts): 
A propensity score analysis of treatment beyond second-line (PROSER-
pINA Study). J Clin Oncol. 2019;37:3556.

	18.	 Chibaudel B, Tournigand C, Bonnetain F, Maindrault-Goebel F, Lledo 
G, André T, et al. Platinum–sensitivity in metastatic colorectal cancer: 
towards a definition. Eur J Cancer. 2013;49:3813–20.

	19.	 Spindler KL, Pallisgaard N, Andersen RF, Jakobsen A. Changes in muta-
tional status during third-line treatment for metastatic colorectal cancer–
results of consecutive measurement of cell free DNA, KRAS and BRAF in 
the plasma. Int J Cancer. 2014;135:2215–22.

	20.	 Santini D, Vincenzi B, Addeo R, Garufi C, Masi G, Scartozzi M, et al. Cetuxi-
mab rechallenge in metastatic colorectal cancer patients: how to come 
away from acquired resistance? Ann Oncol. 2012;23:2313–8.

	21.	 Chaix M, Vincent J, Lorgis V, Ghiringhelli F. FOLFIRINOX bevacizumab is 
a promising therapy for chemorefractory metastatic colorectal cancer. 
Oncology. 2014;87:148–58.

	22.	 Ergün Y, Bal Ö, Doğan M, Uçar G, Dirikoç M, Açıkgöz Y, et al. The compari-
son of oxaliplatin or irinotecan rechallenge treatment with regorafenib in 
the third-line treatment of metastatic colorectal cancer. Acta Oncologıca 
Turcıca. 2018;52:17–24.

	23.	 Köstek O, Hacıoğlu MB, Sakin A, Demir T, Sarı M, Ozkul O, et al. 
Regorafenib or rechallenge chemotherapy: which is more effective in the 
third-line treatment of metastatic colorectal cancer? Cancer Chemother 
Pharmacol. 2019;83:115–22.

	24.	 Li J, Qin S, Xu R, Yau TC, Ma B, Pan H, et al. Regorafenib plus best sup-
portive care versus placebo plus best supportive care in Asian patients 
with previously treated metastatic colorectal cancer (CONCUR): a ran-
domised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 
2015;16:619–29.

	25.	 Matsuda C, Honda M, Tanaka C, Fukunaga M, Ishibashi K, Munemoto Y, 
et al. Multicenter randomized phase II clinical trial of oxaliplatin reintro-
duction as a third- or later-line therapy for metastatic colorectal cancer- 
biweekly versus standard triweekly XELOX (The ORION Study). Int J Clin 
Oncol. 2016;21:566–72.

	26.	 Gebbia V, Del Prete S, Borsellino N, Ferraù F, Tralongo P, Verderame F, et al. 
Efficacy and safety of cetuximab/irinotecan in chemotherapy-refractory 
metastatic colorectal adenocarcinomas: a clinical practice setting, multi-
center experience. Clin Colorectal Cancer. 2006;5:422–8.

	27.	 Stintzing S, Weikesthal L, Fuchs M, Kaiser F, Heinrich K, Modest DP, et al. 
Randomized study to investigate a switch maintenance concept with 

5-FU plus bevacizumab after FOLFIRI plus cetuximab induction treatment 
versus continued treatment with FOLFIRI plus cetuximab: Report of a 
secondary endpoint of the phase-III FIRE-4 study (AIO KRK-0114). J Clin 
Oncol. 2022;16:3519.

	28.	 Dane F, Ozgurdal K, Yalçın Ş, Benekli M, Aykan NF, Yücel İ, et al. Safety and 
efficacy of regorafenib in patients with treatment-refractory metastatic 
colorectal cancer in Turkey: the single-arm, open-label REGARD study. 
BMJ Open. 2020;10:e027665.

	29.	 Van Cutsem E, Cervantes A, Nordlinger B, Arnold D. Metastatic colorectal 
cancer: ESMO clinical practice guidelines for diagnosis, treatment and 
follow-up. Ann Oncol. 2014;25:1–9.

	30.	 Artale S, Sartore-Bianchi A, Veronese SM, Gambi V, Sarnataro CS, Gam-
bacorta M, et al. Mutations of KRAS and BRAF in primary and matched 
metastatic sites of colorectal cancer. J Clin Oncol. 2008;26:4217–9.

	31.	 Strauss J, Figg WD. Using epigenetic therapy to overcome chemotherapy 
resistance. Anticancer Res. 2016;36:1–4.

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


	Comparing the efficacy of regorafenib and 5-fluorouracil-based rechallenge chemotherapy in the third-line treatment of metastatic colorectal cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and patients
	Statistical analyses

	Results
	Patient characteristics
	Treatment
	Efficacy
	Safety

	Discussion
	Conclusion
	Acknowledgements
	References


