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Background: There are few treatment options in metastatic colorectal cancer (nCRC) after progression
on standard chemotherapy. Third and fourth line therapies typically consist of regorafenib or trifluridine-
tipiracil, however, clinical benefit of these medications is limited, as progression free survival is approximately
1.9 months for regorafenib (Grothey ez 2/. 2013) and 2.0 months for trifluridine-tipiracil (Mayer et /. 2015).
Another choice in this setting may include the re-initiation of previously used chemotherapy, therefore in
this study we assessed the efficacy and tolerability of chemotherapy re-challenge.

Methods: This was a retrospective, cohort study assessing patients with mCRC who were 18-89 years of
age and treated with re-challenge chemotherapy. Re-challenge chemotherapy was defined as re-initiation of
oxaliplatin or irinotecan-based regimens at least nine months from the end of initial exposure. A minimum
of four chemotherapy cycles was required to qualify as initial exposure. The key endpoints of this study were
clinical benefit rate (CBR), defined as the proportion of patients with partial response or stable disease, and
time to progression (T'TP).

Results: A total of 67 chemotherapy re-challenges were accounted for in 51 patients. The overall CBR was
70.7%. Partial responses occurred in 50.7% cases. The TTP was 6.0 months. For the 51 cases of first re-
challenge, the CBR was 75.5% and TTP was 6.5 months. Fourteen patients had a second re-challenge, and
in these patients, the CBR was 61.5% and TTP was 4.1 months.

Conclusions: Oxaliplatin or irinotecan-based re-challenge should be considered as a third or fourth line
treatment option in select patients with mCRC. CBR and especially TTP compare favorably to approved

third line therapies such as regorafenib or trifluridine-tipiracil.
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Introduction in 2017 (1,2). Although CRC is the fourth most frequently
diagnosed cancer, only 40% of patients are diagnosed

during early stage disease (1,2). Treatment for stage II and
cancer-related deaths in the United States and it is estimated stage III CRC consists of surgery followed by adjuvant

Colorectal cancer (CRC) is the second leading cause of

that approximately 50,000 patients died from this disease chemotherapy with fluoropyrimidines (3). In high risk, early
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stage patients, the addition of oxaliplatin (FOLFOX) to
standard therapy demonstrated an overall survival benefit
as well as a 20% reduction in the risk of relapse in the
MOSAIC trial (4). However, despite the use of aggressive
therapy in stage II and stage III CRC, it is estimated that
approximately 30% of these patients will develop metastatic
disease (2-4).

The standard of care for metastatic colorectal cancer
(mCRC) remains fluoropyrimidine-based therapy, often
given with leucovorin and either oxaliplatin (FOLFOX) or
irinotecan (FOLFIRI) (5-7). These regimens may also be
administered in combination with monoclonal antibodies
such as vascular endothelial growth factor (VEGF)
inhibitors or epithelial growth factor receptor (EGFR)
targeted therapies depending on RAS mutation status
(8-11). Following frontline therapy in the metastatic setting,
patients may elect to have chemotherapy holidays or receive
ongoing maintenance therapy with fluoropyrimidines and a
monoclonal antibody (12-14).

Once there is disease progression in mCRC, it is
recommended to interchange cytotoxic drugs to include
an agent the patient has not yet received (3). This practice
is based on the widely-accepted concept that tumor cells
can develop resistance to chemotherapy resulting in disease
progression during or after a period of time from initial drug
exposure (15,16). Due to acquired drug resistance, a different
drug will be needed to elicit further response (15,16).
Unfortunately, in mCRC the two main cytotoxic drugs
utilized are oxaliplatin and irinotecan and after progression
on both of these medications very few options remain (3).

Currently, the guideline-recommended third and fourth
line therapies for refractory mCRC are regorafenib or
trifluridine-tipiracil (3,17,18). While the development
of these medications has resulted in additional treatment
alternatives, the clinical benefit of these agents is limited,
as progression free survival is approximately 1.9 months for
regorafenib and 2.0 months for trifluridine-tipiracil (17,18).
Furthermore, both regorafenib and trifluridine-tipiracil
yielded minimal objective response rates, suggesting that
these agents may prolong disease stability but are not
optimal for cytotoxicity (17,18).

Another third or fourth line option for refractory
mCRC may be the re-initiation of previous chemotherapy
(19-23). While chemotherapy re-challenge has become a
common practice in this patient population, there is limited
data to support its efficacy (19-23). A recently published
study assessed oxaliplatin-based retreatment in 83 patients
(REOX) and found that 56.6% of study subjects obtained
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disease control, defined as a composite measure of complete
response, partial response and stable disease (23). The
REOX study also reported a median time to treatment
failure of 6.04 months for oxaliplatin-based re-challenge,
which compares favorably to regorafenib and trifluridine-
tipiracil (17,18,23).

While existing data supporting oxaliplatin-based
chemotherapy re-challenge in the third or fourth line
setting for mCRC is promising, previous studies have not
evaluated the efficacy of irinotecan-based re-challenge.
The utilization of chemotherapy re-challenge in patients
who have previously progressed during initial exposure has
also remained in question. Therefore, further investigation
into the optimal utilization and efficacy of chemotherapy
re-challenge is required. In this retrospective study, the
clinical benefit of an oxaliplatin or irinotecan-based
chemotherapy re-challenge regimen was assessed in
mCRC patients.

Methods

This was a retrospective, cohort study approved by the
Institutional Review Board at a single outpatient cancer
center. Pharmacy medication dispensing records at Banner
MD Anderson Cancer Center from September 30, 2011-
September 30, 2016 were utilized to identify patients who
met inclusion criteria. Eligible patients had to be 18-89
years of age with known mCRC who received chemotherapy
re-challenge. Chemotherapy re-challenge was defined as re-
initiation of oxaliplatin or irinotecan-based regimens at least
nine months from the end of initial exposure. A minimum
of four chemotherapy cycles during the initial exposure was
also required.

The key endpoints of this study were to determine clinical
benefit rate (CBR), which was defined as the proportion
of patients with partial response or stable disease, and time
to progression (TTP). Response was determined through
RECIST criteria and evaluation of previous radiology
reports. T'TP was defined as the time period from the
initiation of re-challenge therapy to discontinuation due to
progression of disease, toxicity, loss to follow-up, or death.
Secondary endpoints included objective response rate, CBR
associated with each re-challenge drug, and overall survival
following chemotherapy re-challenge.

Statistical analysis

Descriptive statistics were used to quantify baseline
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Table 1 Patient demographic information (N=51)

Baseline characteristic Number (%)

Age at diagnosis [median] 22-80 [57]

Gender (female) 26/51 (51.0)
Performance status (median) 1

RAS mutation 28/51 (54.9)

Sites of metastases prior to re-challenge
Liver only 6/51 (11.8)
Lung only 2/51 (3.9)

Multiple liver and lung 26/51 (51.0)

Multiple liver and other 9/51 (17.6)
Multiple other 8/51 (15.7)
Total number of lines of therapy (median) 4

Drug exposure prior to re-challenge

Fluoropyrimidine 51/51 (100)

Oxaliplatin 50/51 (98.0)
Irinotecan 43/51 (84.3)
Bevacizumab 48/51 (94.1)
Cetuximab 9/51 (17.6)
Panitumumab 5/51 (9.8)
Regorafenib 6/51 (11.8)
Trifluridine-tipiracil 1/51 (2.0)

demographic information and general characteristics.
The primary end points were CBR and TTP associated
with chemotherapy re-challenge. Impact on the primary
endpoints by categorical variables such as re-challenge drug,
gender, baseline performance status, RAS mutation status,
and sites of metastases prior to re-challenge were assessed
using the x° or Fisher exact test and logistic regression
analysis. The Kruskall-Wallis test was used to compare the
distributions of different independent variables on TTP.
Correlation between duration of chemotherapy re-challenge
and duration of response was determined by calculating the
R’ or the Pearson correlation coefficient. Time of death
from the end of re-challenge therapy was used to generate
survival analysis using the Kaplan-Meier method.

Results

A total of 67 administrations of chemotherapy re-challenge
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Figure 1 Efficacy of chemotherapy re-challenge.

were identified in 51 patients. Baseline demographics and
distribution of exposure to different cytotoxic drugs prior
to initiation of chemotherapy re-challenge are illustrated
in Table 1. Overall, 51 patients received at least one re-
challenge chemotherapy regimen and 14 of those 51 (27.4%)
patients received multiple re-challenge regimens. The
median age was 57 and median ECOG performance status
was 1. The median total number of lines of therapy was 4,
including chemotherapy re-challenge.

The overall CBR with chemotherapy re-challenge
was 70.7% with 50.7% of patients experiencing a partial
response and 20.0% having stable disease (Figure 1). No
complete responses were observed. CBR was higher during
the first re-challenge at 75.6% and then decreased during
the second re-challenge to 61.5%. Similarly, the median
TTP after the initiation of first chemotherapy re-challenge
was 6.6 months, which decreased to 4.2 months after the
second re-challenge. Overall TTP was 6.0 months (Table 2).
Median time of death from the end of chemotherapy re-
challenge was approximately 10.7 months (Figure 2).

Independent variables such as gender, performance
status, cytogenetics, and sites of metastases did not have
a statistically significant impact on CBR (7able 3). The
efficacy of each re-challenge drug was also assessed. During
the first re-challenge, 66.7% of the chemotherapy regimens
contained oxaliplatin and 33.3% irinotecan (Table 4).
Median TTP with oxaliplatin was 171.50 days versus 240.00
days with irinotecan (P=0.258). CBR was higher with
irinotecan at 88.2% versus 70.5% with oxaliplatin, but this
difference was not statistically significant (P=0.317). TTP
was also compared for patients who experienced a partial
response during first re-challenge to those patients who
obtained stable disease (Figure 3). Median TTP was 279.11
days in the partial response group and 157.91 days in the
stable disease group (P=0.003).
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There were 10 cases of chemotherapy re-challenge
administered in patients who had previously progressed
during the initial exposure (Table 5). The re-challenge
partial response rate in these patients was 30.0%, and
40.0% of patients had stable disease. This CBR of 70.0%
was similar to the overall CBR of 70.7%, however, the
partial response rate was lower than the 50.7% overall
partial response rate.

Table 2 Median time to progression

Category Time (months)
Overall 6.0
First re-challenge 6.6
Second re-challenge 4.2

Table 3 Univariate analysis of the impact of independent variables
on clinical outcomes

Variable CBR (%) Log-rank (P value)
Gender 0.523
Male 72.0
Female 80.8
Performance status 1.000
0 78.9
1 75.0
Cytogenetics 0.749
RAS WT 73.9
RAS mutation 78.6
Sites of metastases prior to 0.127
re-challenge
Liver only 5/6 (83.3)
Lung only 2/2 (100.0)
Multiple liver and lung 17/26 (65.4)
Multiple liver and other 7/9 (77.8)
Multiple other 8/8 (100.0)
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Reasons for discontinuation of chemotherapy re-
challenge included disease progression (52.2%),
chemotherapy holiday (8.9%), toxicity (23.9%), or
transition to maintenance therapy (13.4%). There was
also one patient who was receiving ongoing chemotherapy
re-challenge at the time of data analysis.

Discussion

Our study evaluated the efficacy associated with
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Figure 2 Overall survival from the end of chemotherapy
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Figure 3 Time to progression based on response.
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Table 4 Efficacy of re-challenge drug
Re-challenge Partial Stable Progression Log-rank Median TTP Log-rank.
drug response disease (P value for CBR) (days) (P value for median TTP)
Oxaliplatin 52.9% 17.6% 29.4% 0.317 171.50 0.258
Irinotecan 58.8% 29.4% 11.8% 240.00

CBR, clinical benefit rate; TTP, time to progression.

Table 5 Estimated cost of treatment* (24)

Regimen/drug

Monthly cost for average male (Wt: 89 kg, BSA 2.09)

Monthly cost for average female (Wt: 76.5 kg, BSA 1.86)

FOLFOX $283.94
FOLFIRI $273.64
Bevacizumab $6,690.74
Cetuximab $12,038.40
Panitumumab $11,777.68

Regorafenib $18,764.04 (#84 of 40 mg tablets)

Trifluridine-tipiracil $12,616.73 (#60 of 20 mg/8.19 mg tablets)

$253.70
$244.48
$5,751.04
$10,713.60
$10,123.52

*, costs reflect the 2017 reported average sale price +6% of each drug and may not represent reimbursement values for specific institutions.

chemotherapy re-challenge for refractory mCRC at a
single, outpatient cancer center. Results from this study
indicate that up to 70% of patients may experience clinical
benefit from chemotherapy re-challenge as a third or fourth
line option for mCRC despite prior exposure to irinotecan
or oxaliplatin.

One of the first studies looking at the re-initiation
of previously used chemotherapy in mCRC was the
OPTIMOX1 trial published in 2006 (22). In this study, six
hundred and twenty patients were randomized to receive
FOLFOX every 2 weeks until progression or FOLFOX
for 6 cycles, then maintenance therapy without oxaliplatin
for 12 cycles, followed by reintroduction of FOLFOX (22).
The main rationale for the design of this study was to
assess whether a stop-and-go approach of oxaliplatin in
mCRC could yield similar clinical outcomes as continuous
therapy and minimize oxaliplatin induced neurotoxicity (22).
Results from this trial determined that the difference in
overall survival was not statistically significant between the
two treatment arms nor was the rate of grade 3 sensory
neuropathy (22). Furthermore, in the 89 patients in the
OPTIMOXI trial who were re-introduced to FOLFOX
after progression, 49.4% of these patients experienced
response or stabilization of disease, which was a lower
CBR than the results of this study (22). Our study also

© Journal of Gastrointestinal Oncology. All rights reserved.

demonstrated a longer TTP of 25 weeks on chemotherapy
re-challenge compared to the OPTIMOXI1 trial, which
reported a median PFS with oxaliplatin of 12 weeks (22).
These differences may be attributable to the continued
use of monoclonal antibodies with concurrent cytotoxic
therapy in our study population, only chemotherapy was
administered in the OPTIMOXI1 subjects (22).

Another study which assessed the efficacy of chemotherapy
re-challenge was the RE-OPEN trial (23). In this phase II
study, thirty-three patients who had progressed on prior
chemotherapy with oxaliplatin and irinotecan were given
oxaliplatin >6 months from the time of progression (23).
Overall disease control rate was reported in 66.7% of
patients following 12 weeks of oxaliplatin re-exposure (23).
The median PFS was 98.0 days and median OS was
300.0 days (23). Interestingly, in the multivariate analysis
for the RE-OPEN trial, factors that made a statistically
significant impact on OS and PFS included ECOG
performance status, number of metastatic sites, and
gender (23). Specifically, patients who were male, had
only 1 site of metastases, or an ECOG performance status
of 0 were more likely to have favorable outcomes (23).
Conversely, in the multivariate analysis for this study,
there was no statistical significance detected with these
demographic factors and influence on OS or T'TP.
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One unique aspect of the RE-OPEN trial was the
inclusion of patients known to have confirmed progression
on previous oxaliplatin-based therapy (23). The response
rate of oxaliplatin re-challenge for these patients was
reported at 6.1%, while 33.3% had stable disease and
54.5% progressed at 12 weeks (23). A majority of patients in
our study did not have confirmed progression during initial
exposure, and front-line therapy was typically stopped due
to toxicity or to transition to a chemotherapy holiday or
maintenance therapy. However, we were able to identify
10 cases of chemotherapy re-challenge in patients who
had previously progressed on the same cytotoxic regimen.
Thirty percent of patients achieved a partial response,
while 40.0% of patients had stable disease and 30.0% of
patients progressed. Although the partial response rate in
this specific patient group was lower when compared to the
50.7% of overall responses in our study, the findings of the
RE-OPEN trial and our study indicate that even patients
with prior progression on chemotherapy may derive clinical
benefit from re-challenge (23). The ability of previously
failed chemotherapy to yield clinical benefit as a subsequent
line of therapy suggests that colorectal tumor cells may
undergo a series of genetic changes throughout treatment
duration that alter drug sensitivity and resistance patterns.
Mechanisms for these genetic changes still have yet to be
well defined.

The efficacy of chemotherapy re-challenge was also
assessed in the retrospective REOX trial (25). In this
study, eighty-three patients were included if they had
re-exposure to an oxaliplatin-containing regimen after
previous failure (25). The median time to treatment failure
after re-exposure was reported as 6.04 months, which
was comparable to the TTP of 6.60 months associated
with first chemotherapy re-challenge in our study and the
overall TTP of 6.00 months (25). However, higher CBRs
were associated with our study cohort versus the 56.6% of
REOX patients who achieved disease control (25). Of note,
similar to our study, there was no statistically significant
impact associated between age, gender, cytogenetics, or
performance status and favorable clinical outcomes (25).

When assessing other factors that may influence
TTP and OS in chemotherapy re-challenge patients,
one predictor identified in this study was the type of
clinical benefit experienced. Specifically, patients who
had a partial response to chemotherapy re-challenge were
more likely to have a longer T'TP than those patients
with disease stabilization. This finding may be helpful in
identifying individuals likely to gain the most benefit from
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chemotherapy re-challenge, especially in the setting of
heavy pretreatment and concerns for cumulative toxicity.
In the cohort evaluated in this study, 23.9% of re-challenge
therapy was discontinued due to toxicity, indicating that
a majority of patients were able to tolerate chemotherapy
re-challenge but had to stop therapy due to progression
(52.2%).

In comparison to the other aforementioned studies, a
few unique aspects of our study included assessment of the
efficacy of both oxaliplatin and irinotecan as re-challenge
agents and analysis of patients who received multiple
re-challenge regimens. While there was no statistically
significant difference in the efficacy of oxaliplatin versus
irinotecan re-challenge, the increase of median TTP with
irinotecan may be suggestive of a possible added benefit
with the use of irinotecan over oxaliplatin in the re-
challenge setting. Persistent, chronic oxaliplatin-induced
neurotoxicity may also be a concern when re-initiating
therapy. For patients who received multiple re-challenge
regimens, clinical benefit decreased with subsequent lines of
treatment, however, because there were only fourteen cases
of multiple re-challenge, further investigation with larger
sample sizes is needed to draw conclusions on this outcome.
Interestingly, the TTP associated with second re-challenge
was 4.2 months, which compares favorably to the PFS
associated with agents such as regorafenib and trifluridine-
tipiracil. Ideal candidates for chemotherapy re-challenge
may also be younger patients who have maintained a
good performance status as the median ages in previously
published studies was 53.5-62 and ECOG 0-1 (22,23,25).

Limitations of this study were primarily its retrospective
nature and dependence on available documentation in the
electronic medical record. Another limitation was the small
number of patients who met inclusion criteria. Due to this
small number, our findings may be hypothesis generating
but cannot definitively determine the ideal utilization and
role of chemotherapy re-challenge in this patient population.
For the demographic and efficacy analysis, the completion of
surgical procedures for the treatment of metastases during or
after chemotherapy re-challenge was not recorded but may
have been an impactful factor on clinical outcomes. It may
be useful to also consider the re-challenge of monoclonal
antibodies in subsequent analyses. Future studies should
focus on the direct comparison of chemotherapy re-
challenge to approved therapies such as regorafenib or
trifluridine-tipiracil. Examination of pharmacoeconomic
value benefit should also be measured in future investigations
considering the sizeable differences in cost (7zble 5) between
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therapies used in refractory mCRC (24).

Conclusions

Oxaliplatin or irinotecan-based re-challenge is a viable
option as a third or fourth line treatment in select patients
with mCRC. CBR and especially TTP compare favorably
to approved third line therapies such as regorafenib or
trifluridine-tipiracil.
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