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Abstract

BACKGROUND

In recent years survival of patients with metastatic colorectal cancer (mCRC),
though still limited, has improved significantly; clearly, when the disease becomes
refractory to standard regimens, additional treatment options are needed. Studies
have shown that mitomycin C (MMC), an antitumor antibiotic, and capecitabine,
a precursor of 5-fluorouracil, may act synergistically in combination. The efficacy
of MMC/ capecitabine has been demonstrated in the first-line setting, but only a
few small studies have tested it in the advanced-line setting, with contradictory
results.

AIM

To summarize our experience using MMC/ capecitabine as an advanced line
treatment for mCRC.

METHODS

A retrospective study was conducted at a tertiary medical center including all
patients with histologically proven mCRC who were treated with MMC/cape-
citabine after at least two previous lines of standard chemotherapy in 2006-2020.
Data on patient demographics and past medical history, laboratory, pathological,
and radiological factors, and treatment and survival were collected from the files.
Survival analyses were performed using the Kaplan-Meier method. The asso-
ciation of patient and tumor characteristics with treatment effectiveness and
toxicity was evaluated with univariate and multivariate proportional hazard Cox
regression analyses. P < 0.05 was considered statistically significant.

RESULTS
The cohort consisted of 119 patients of median age 64 years (range 37-85). Patients
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received a median of 2 MMC/ capecitabine cycles (range 0.5-9.0). Thirty-four patients (28.6%) experienced grade >3
toxicity, including 2 (1.7%) with grade 4; there was no drug-related mortality. The objective response rate was 0.8%,
and the disease control rate, 24.4%. Median progression-free survival (PFS) was 2.1 mo (range 0.2-20.3), and
median overall survival, 4.8 mo (range 0.2-27.5). The 6-month overall survival rate was 44%; 8.7% of patients
remained progression-free. Factors associated with longer PFS were lower gamma-glutamyl transferase level (P =
0.030) and primary tumor location in the left colon (P = 0.017). Factors associated with longer overall survival were
lower gamma-glutamyl transferase level (P = 0.022), left-colon tumor location (P = 0.044), low-to-moderate
histological grade (P = 0.012), Eastern Cooperative Oncology Group performance status 0-1 (P = 0.036), and normal
bilirubin level (P = 0.047).

CONCLUSION
MMC/ capecitabine is an active, available, and relatively safe regimen for use beyond standard lines of therapy in
mCRC. Several clinical and laboratory parameters can identify patients more likely to benefit.

Key Words: Colorectal cancer; Metastatic cancer; Chemotherapy; Mitomycin C/Capecitabine; Advanced line treatment

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Survival with metastatic colorectal cancer has improved significantly. However, when the disease becomes
refractory, patients are left with limited options. Mitomycin C (MMC) and capecitabine combination is a potential treatment
option for metastatic colorectal cancer (mCRC) patients beyond standard lines of treatment. Only a few small studies have
tested it in the advanced-line setting, with contradictory results. We present our experience using the MMC/capecitabine
combination. Our findings suggest that MMC/capecitabine is a safe, generally well-tolerated regimen. Ours is the largest
series on the use of MMC/capecitabine in refractory mCRC. We were able to identify well-defined subgroups which derived
clinical benefit from this combination.
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INTRODUCTION

With about two million new cases a year worldwide, colorectal cancer (CRC) is the third most diagnosed malignancy and
the second cause of cancer related mortality[1]. Despite screening efforts, the disease has often already spread by the time
patients are diagnosed. Altogether, up to 40%-50% present with or progress to metastatic disease (mCRC)[2]; most of
them are considered incurable, and treatment aims at prolonging survival and improving quality of life.

As a consequence of the substantial treatment advances made in recent years, the median overall survival (OS) for
metastatic CRC (mCRC) is now approximately 30 mo, with a 5-year rate of 25%[3,4]. First line regimens for mCRC
include FOLFIRI (5-fluorouracil, leucovorin, irinotecan), FOLFOX (5-fluorouracil, leucovorin, and oxaliplatin) or XELOX
(capecitabine and oxaliplatin)[5]. Combining cytotoxic agents with biologicals such as bevacizumab[6], cetuximab and
panitumumab(7,8] has brought an improvement in objective response rate (ORR), progression-free survival (PFS) and OS.
In the second-line regimen, irinotecan is switched to oxaliplatin or vice versa[9]. When the disease becomes refractory to
standard lines of chemotherapy and biologicals, OS with best supportive care (BSC) is only 4 mo to 6 mo[10]. For these
patients, treatment options are limited and may include, in recent years, regorafenib[11], TAS-102[12], pembrolizumab for
those with microsatellite instability[13,14] and tyrosine kinase inhibitors in carriers of the BRAF V600 mutation[15].

The combination of mitomycin C (MMC) and capecitabine (MMC/ capecitabine), which has known tolerable toxicity,
serves as a potential treatment option in patients with mCRC who have exhausted standard lines of treatment. MMC is
an antibiotic which inhibits DNA replication and transcription[16,17]; capecitabine is an oral fluoropyrimidine that
converts to 5-fluorouracil by thymidine phosphorylase within the tumor cells[18]. Since thymidine phosphorylase is
regulated by MMC, combining the two drugs may yield a synergistic effect[19]. One study found MMC/ capecitabine to
be comparable in efficacy to 5-fluorouracil/Leucovorin as a first-line treatment in mCRC[18]. At present, however, only a
few small prospective phase II trials and retrospective studies have investigated MMC/ capecitabine as an advanced line
treatment in mCRC.

The aim of this study was to report our experience with MMC/ capecitabine as a third or later line of treatment in
mCRC, focusing on efficacy and toxicity.
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MATERIALS AND METHODS

A retrospective study was conducted at Davidoff Cancer Center, Rabin Medical Center, a large tertiary facility in Israel,
between March 2006 and November 2020. The cohort included all patients with histologically proven mCRC who were
treated with MMC/ capecitabine after at least two previous lines of standard chemotherapy for metastatic disease. The
study was approved by the Institutional Ethics Committee.

Data for the study were collected from the electronic medical records, as follows: patient and tumor characteristics,
surgical interventions, radiation therapy, duration and outcome of previous lines of treatment, and Eastern Cooperative
Oncology Group (ECOG) performance status (PS) at onset of MMC/ capecitabine treatment.

ORR was defined as the proportion of patients with a complete response (CR) or partial response (PR). Disease control
rate (DCR) was defined as the proportion of patients with CR, PR, or stable disease. Duration of disease control (DDC)
was defined as the time from initiation of MMC/ capecitabine to documented clinical or radiological progression or the
last date the patient was known to be progression-free, in patients with CR, PR, or stable disease. PFS was defined as the
time from initiation of MMC/ capecitabine to documented clinical or radiological progression or the last date the patient
was known to be progression-free. OS was defined as the time from initiation of MMC/ capecitabine to the time of death
from any cause or the last date the patient was known to be alive.

Statistical analysis

Survival analyses were performed using the Kaplan-Meier (KM) method for the entire cohort and separately for patients
who did and did not gain disease control with the study treatment. Patient characteristics were compared between the
groups using t-tests and Mann-Whitney tests for continuous variables with and without normal distribution, respectively.
Chi-square tests were used for categorical variables. A similar comparison was made between patients who did or did not
suffer any grade 3 or higher toxicity. The effect of different patient characteristics on PFS and OS was evaluated with
univariate and multivariate proportional hazard Cox regression analysis. P value of < 0.05 was considered statistically
significant.

RESULTS

Patient and tumor characteristics

Between 03/2006 and 11/2020, 119 patients received MMC/ capecitabine as advanced line treatment for mCRC in the
Davidoff Center; all were evaluable. Patient and tumor characteristics at the onset of MMC/ capecitabine are presented in
Table 1. Sixty-eight patients (57.1%) were male. Median age at diagnosis and at initiation of MMC/ capecitabine were 61
years (range: 33-84) and 64 years (range: 37-85), respectively. Eighty-two patients (68.9%) presented with metastatic
disease at diagnosis. Ninety patients (75.6%) had a primary tumor located in the left colon; 97 (81.5%) had liver
metastases. Median duration of previous treatments was 2 years (range: 0.2-9.3 years). Fifty patients (42.0%) received
MMC/ capecitabine as third line treatment, and 69 (58.0%) received it as fourth or later line. Seventy patients (58.8%) had
an ECOG PS of 0-1 at the initiation of MMC/ capecitabine and 105 (88.2%) were capecitabine naive. Most of the patients
(79.1%) underwent surgery at some stage of their disease course. We did not notice any difference in the effectiveness of
the studied drugs related to previous surgery.

Treatment delivery

The MMC/ capecitabine regimen was administered in a 42-d cycle. MMC (7 mg/m?) was given intravenously on day 1,
and capecitabine (1250 mg/m? twice daily) was given orally on days 1-14 and 22-36. Treatment delivery is summarized in
Table 2. Patients received a median number of 2 cycles (range 0.5-9.0); the median duration of treatment was 2.8 mo
(range 0.5-20.0). Treatment was started with the full dosage of MMC in 114 patients (95.8%) and with the full dosage of
capecitabine in 45 patients (37.8%). Dose reductions were required in 19 patients (16.0%), mainly for capecitabine, and
delays in treatment for any reasons occurred in 22 patients (18.5%). Median dose intensity for MMC was 1.17 mg/m?/wk
(range 0.6-1.6 mg/m?/wk), and for capecitabine, 9.33 g/m?/wk (4.6-11.9 g/m?/wk), representing 100% and 80% of each
drug’s planned dose intensity, respectively. The main reason for discontinuation of therapy (90.8% of patients) was
disease progression.

Toxicity

All patients were evaluable for toxicity, defined using the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0, with emphasis on the documentation of grade 3 and 4 adverse events (AEs), i.e.,
serious AEs (SAEs). A total of 54 grade > 3 AEs were documented in 34 patients (28.6%), out of which only 4 were grade 4
events, experienced by 2 patients (1.7%). Toxicity details are presented in Table 3. The most common grade 3 AE was
anemia (10.1%); there were 4 events of overt bleeding (3.4%). There were 2 cases of grade 3 and one case of grade 4
neutropenia, none of which were complicated by neutropenic fever. Only one patient (0.8%) received granulocyte colony
stimulating factor (GCSF). The most common non-hematological grade >3 AE was diarrhea (7.6%). A univariate analysis
of the effect of different characteristics on the occurrence of AEs was performed, including patients” medical background
and tumor and treatment characteristics. Only lower albumin levels correlated with higher occurrence of grade >3 AEs (P
= 0.01). Treatment discontinuation due to toxicity occurred in 6 patients (5.0%). There were no treatment related deaths.
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Table 1 Patient and tumor characteristics (n = 119)

Median Range
Age at diagnosis (yr) 61 33-84
Age at MMC/ capecitabine onset (yr) 64 37-85
Previous treatment duration (yr) 2.03 0.2-9.3

n Valid %"
Male gender 68 57.1
Smoking history 68 30.6
Ethnicity
Jewish Ashkenazi 61 B3
Other 58 48.7
Family history of cancer
Any 67 67.7
GI 32 323
Synchronous metastatic disease 82 68.9
Liver metastases 97 815
Tumor grade
Well-moderate 85 71.4
Poor 34 28.6
Tumor location
Right colon 29 244
Left colon 90 75.6
KRAS mutation 44 444
NRAS mutation 3 7.5
BRAF mutation 1 &3
MSI-H/ MMRd 2 74
MMC/ capecitabine line
3 50 420
4t 35 29.4
Subsequent 34 28.6
Previous drug exposure
Oxaliplatin 119 100.0
Irinotecan 118 99.2
5-FU 118 99.2
Capecitabine 14 11.8
Bevacizumab 109 91.6
Cetuximab/ panitumumab 51 429
Regorafenib 14 11.8
TAS-102 7 59
ECOG Ps
0-1 70 58.8
>1 49 412
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1Data were missing on smoking (11 patients), family history (20), KRAS (20), NRAS (79), BRAF (100), and MSI/MMR (92).
N: Number; MMC: Mitomycin C; GI: Gastrointestinal; MSI: Microsatellite instability; MMRd: Mismatch repair deficient; ECOG PS: Eastern cooperative

oncology group performance status; 5-FU: 5-fluorouracil.

Table 2 Treatment delivery and subsequent therapies

Mullin G et al. MMC/ capecitabine in metastatic CRC

Median Range n %

MMC/ capecitabine 2.0 0.5-9.0
Cycles administrated
Duration of treatment (mo) 2.8 0.5-20.0
Patients beginning Tx at full dosage
MMC
Capecitabine 114 95.8

45 37.8
Dose reductions
MMC 3 25
Capecitabine 16 135
Any 19 16.0
Dose intensity (median)
MMC (mg/m?/wk) 117 0.6-1.6
Capecitabine (g/m?2/wk) 9.33 4.6-11.9
Treatment delay (>3 d)
Yes 22 18.5
No 97 81.5
Reason for discontinuation
Progression 108 90.8
Toxicity 6 5.0
Other/unknown 5 42
Subsequent therapies
Any B5) 294
Oxaliplatin 12 10.1
Irinotecan 8 6.7
5-FU 18 15.1
Bevacizumab 3 25
Cetuximab/ panitumumab 6 5.0
Regorafenib 5 42
TAS-102 5 42
Other/clinical trial 8 6.7
None 84 70.6
MMC: Mitomycin C; Tx: Treatment; 5-FU: 5-fluorouracil.
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Efficacy

All 119 patients were evaluable for efficacy (Table 4): PR was achieved in 1 patient (0.8%) and SD was noted in 28 (23.5%).
Therefore, the ORR was 0.8% and the DCR was 24.4%. Thirty-five patients (29.4%) went on to receive further lines of
therapy after discontinuing MMC/ capecitabine. Subsequent therapies consisted mainly of re-challenging with previously
used chemotherapies. At the time of analysis, 115 patients (96.6%) have died of the disease and 4 were lost to follow-up
(3.4%). Median DDC was 4.2 mo (range: 2.4-20.3) and median PFS of the entire cohort was 2.1 mo (range: 0.2-20.3).
Median OS of the entire cohort was 4.8 mo (range: 0.2-27.5) and extended to 12.3 mo (range: 3.9-25.2) in the disease
control subgroup. The estimated 6 mo OS rate was 44% and the estimated 6 mo PFS was 8.7%. The estimated 12 mo PFS
rate was 2.5% and the estimated 12 mo OS rate was 15.8%. Of note, we also analyzed our results in two different time
periods. For patients who began treatment between the years 2006-2012 (n = 53) DCR was 30.2%, median PFS was 2.3 mo
and median OS was 4.9 mo. For patients who began treatment between the years 2013-2020 (n = 62) DCR was 21%,
median PFS was 1.8 mo and median OS was 4.3 mo. ECOG PS during treatment was known in 82 patients (68.9%), in
whom it either improved (2 patients) or stabilized (37 patients).

Patient and tumor characteristics and disease control

Univariate analysis of the effect of patient and tumor characteristics on the achievement of disease control was
performed. The DCR was significantly higher in patients with metachronous vs synchronous metastatic disease (40.5% vs
17.1%, P = 0.006). Lower pre-treatment serum gamma-glutamyl transferase (GGT) levels (P = 0.013), normal hemoglobin
levels (P = 0.039) and higher albumin levels (P = 0.008) also correlated with disease control. For example, DCR in patients
with lower pre-treatment GGT levels (< 60 IU/L) was 39.1% compared with 20.8% in those with higher GGT levels (= 60
IU/L).

Patient and tumor characteristics and survival

Univariate and multivariate analyses of the effects of various patient and tumor characteristics on survival outcomes were
performed. In a univariate analysis, several features correlated with PFS and OS, including factors related to patient
history, tumor molecular and pathological characteristics, PS, and various laboratory values. In multivariate analyses,
however, fewer statistically significant correlations were found. PFS correlated with left tumor location (HR = 0.50, P =
0.017) and lower GGT levels (HR = 0.53, P = 0.030). OS correlated with histological grade (HR = 0.53, P = 0.012), left tumor
location (HR = 0.52, P = 0.044), ECOG PS (HR = 0.59, P = 0.036), lower GGT levels (HR = 0.52, P = 0.022) and normal
serum bilirubin levels (HR = 0.47, P = 0.047). For example, the median PFS in patients with lower GGT levels (< 60 IU/L)
was 2.9 mo compared with 1.7 mo in patients with higher GGT levels (= 60 IU/L), and the median OS was 8.4 mo and 4.1
mo, respectively. KM survival curves by the various prognostic factors are presented (Figures 1-3).

DISCUSSION

The present study shows that the combination of MMC and capecitabine may serve as a feasible advanced-line treatment
option in patients with mCRC.

The progress made in the management of patients with mCRC in recent years has led to longer survival[20]; however,
there remains an unmet need for well-tolerated regimens that further prolong OS and maintain quality of life. The choice
between active treatment or BSC is complex and should be based on baseline functional status and comorbidities of the
patient as well as the balance between the efficacy and the potential toxicity of the different available regimens. These are
important aspects to consider in all cancer patients, and more so in the unique population of patients with mCRC who
have progressed beyond the standard lines of treatment and are commonly frail.

MMC/ capecitabine may be a suitable regimen in this clinical setting. Currently, no phase III trials have been
conducted and only three small prospective phase II and three retrospective trials have evaluated MMC/ capecitabine as
third or later line of treatment in mCRC, with variable results (Table 4). This variation can be attributed to the fact that all
studies were based on small cohorts of 15-61 patients as well as the nature of retrospective analyses. The phase II trials
reported ORR of 4.8%-15.2%, PFS of 2.6-5.4 mo and OS of 6.0-9.3 mo[2,17,19] and the retrospective studies reported ORR
of 5%-20%, PFS of 2.7-3.3 mo and OS of 5.4-9.3 mo[21-23]. In all these studies, prospective or retrospective, toxicity was
mild and tolerable. In light of these findings, we investigated and summarized our own experience with MMC/
capecitabine as third or further line of treatment in mCRC.

Our results revealed median PFS and OS of 2.1 mo and 4.8 mo, respectively, for the entire cohort, slightly lower values
compared to previous reports. While the DCR in our cohort was 24.4%, consistent with earlier studies, the ORR was
lower than previously reported, 0.8%. This can mostly be attributed to the fact that our patients were more heavily
pretreated than in previous studies (Table 4). When analyzing separately the group that achieved disease control, we
observed a substantial clinical benefit, durable in some patients, with median PFS and OS reaching 4.2 mo and 12.3 mo,
respectively. Furthermore, at 6 mo from the onset of treatment the OS rate reached 44% and 8.7% survived without
disease progression, and at 12 mo the OS rate was 15.8% and the PFS rate was 2.5%. As expected, the disease control
achieved with MMC/capecitabine was accompanied by a clinical benefit: 47.5% of the patients either maintained or
improved their ECOG PS during treatment. While less toxic, the efficacy of MMC/ capecitabine seems to be comparable to
the registered treatment options in this setting: The ORRs in the CORRECT trial, evaluating regorafenib, and in the
RECOURSE trial, evaluating TAS-102, were 1.0% and 1.6%, respectively, and the median OS in these trials was 6.4 mo
and 7.1 mo, respectively[11,12].
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CTCAE grade 23 CTCAE grade 4
n % n %
Any 34 28.6 2 1.7
Hematological (n = 25)
Leukopenia
Neutropenia 4 34 1 0.8
Thrombocytopenia 8 25 1 0.8
Anemia 6 5.0 1 0.8
12 10.1 0 0
Non-hematological (1 = 29)
Bleeding
Diarrhea 4 3.4 0 0
Nausea 9 7.6 1 0.8
Vomiting 3 25 0 0
Stomatitis 6 5.0 0 0
Dermal 2 1.7 0 0
HFS 1 0.8 0 0
4 3.4 0 0

CTCAE: Common terminology criteria for adverse events; HFS: Hand-foot syndrome; SAEs: Serious adverse events.

Table 4 Previous studies of mitomycin C/capecitabine as advanced line therapy in metastatic colorectal cancer

. . : : . 1-yr
Line of Number of patients Study period Grade=3 ORR DCR Median Median OS y
Ref. Phase 0 0 o 0S
treatment (evaluable) (molyr) AEs (%) (%) (%) PFS (mo) (mo) (%)
0
Prospective studies
Chongetall2], 1I 3 36 (33) 07/2001- NR! 152 637 54 93 30.6
2005 11/2003
Lim et al[19], I 3 21 (19) 03/2003- NR! 4.8 263 26 6.8 NR
2005 03/2004
Scartozzietal 1T 3 61 NR NR' 8.0 480 3.0 6.0 NR
[17], 2006
Retrospective studies
Chuaetal[23], - 3 18 (14) 06/2003- 16.7 0 110 27 5.4 NR
2008 06/2007
Saif et al2?], - 4 15 07/2007- 0 200 530 NA NA NR
2013 02/2013
Martorana etal - 3 61 01/2008- 9.0 5.0 295 33 93 NR
[21], 2017 12/2014
Current, 2023 - 23 119 03/2006- 28.6 08 244 21 42 15.8
11/2020

IStudies reported the rates of each AE individually and did not report the total proportion of patients who experienced adverse events.
MMC: Mitomycin C; mCRC: Metastatic colorectal cancer; AE: Adverse event; ORR: Objective response rate; DCR: Disease control rate; PFS: Progression
free survival; OS: Overall survival; NR: Not reported; NA: Not available.
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Figure 1 Tumor location and progression-free survival and overall survival. A: Progression-free survival; B: Overall survival. OS: Overall survival;
PFS: Progression-free survival; HR: Hazard ratio; 95%Cl: 95% confidence interval.
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Figure 2 Serum gamma-glutamyl transferase and progression-free survival and overall survival. A: Progression-free survival; B: Overall survival.
GGT: Gamma-glutamyl transferase; OS: Overall survival; PFS: Progression-free survival; HR: Hazard ratio; 95%Cl: 95% confidence interval.

To identify subgroups of patients who may benefit more from MMC/ capecitabine, we investigated the correlation
between various patient and tumor characteristics and several outcome measures. In terms of patient-related predictive
factors, our results were consistent with the existing literature, suggesting consideration of well-established, readily
available parameters to improve patient selection: ECOG PS 0-1, lower pretreatment serum GGT levels, higher serum
albumin levels, and normal serum hemoglobin and bilirubin levels all correlated with better outcome. As these
parameters largely represent the general condition of the patient, it comes as no surprise that those who had a better
nutritional status as well as a higher functional level at onset of treatment fared better.

With regard to tumor related factors, as could be expected, left tumor location (including the descending colon,
sigmoid colon, and rectum), well-to-moderate tumor grade, and metachronous metastases, all were associated with better
patient outcome. This is in line with multiple previous studies[24-27]. It should be emphasized however that these
parameters represent general favorable prognostic factors and not necessarily tumor responsiveness to MMC/
capecitabine.

In heavily pretreated patients, choosing a regimen with a tolerable toxicity profile is of the highest priority, as their
ability to withstand the treatment is crucial. Our results showed that MMC/capecitabine is generally well-tolerated
regimen with mild toxicity. We observed similar rates of CTCAE grade 3/4 AEs to previous studies, including those that
tested the regimen as first- or second-line therapy[28-30]. For example, in the phase I trial by Hofheinz et al[29] invest-
igating MMC/ capecitabine as second-line therapy, 4 patients (13.3%) exhibited AEs at the phase II recommended-dose
level. Chong et al[2], Lim et al[19] and Scartozzi et al[17] reported partial information regarding toxicity: None specified
the proportion of patients who experienced AEs, but rather reported the prevalence of each AE separately. Martorana et al
[21], in a retrospective study, reported grade 3/4 AEs in 9% of patients without specifying the prevalence of each type of
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Figure 3 Overall survival by tumor histological grade, performance status, and bilirubin. A: Tumor histological grade; B: Performance status; C:
Bilirubin. PS: Performance status; OS: Overall survival; HR: Hazard ratio; 95%Cl: 95% confidence interval.

event (Table 4).

In comparison, in our larger cohort of 119 heavily pre-treated patients, grade 3/4 AEs occurred in 28.6% of the patients
and grade 4 in only 1.7%; there were only 6 treatment discontinuations due to toxicity and there were no toxicity related
deaths (Table 3). Notably, in line with earlier reports[31], lower albumin levels correlated with occurrence of severe
toxicity, emphasizing normal albumin levels as an important factor in patient selection. When comparing MMC/
capecitabine to the available alternatives, 51% of the patients treated with regorafenib in the CORRECT trial[11]
experienced grade 3 AEs and 3% experienced grade 4 events. In the RECOURSE trial evaluating TAS-102, the rate of
grade 3 or higher AEs was even higher, 69%[12].

The main limitation of our study is the retrospective design. As capecitabine is an oral agent, the accurate assessment
of patient compliance with the prescribed schedule and dosage is challenging. Additionally, the occurrence of AEs that
are clinically based (nausea, vomiting, etc.) and not laboratory-based (anemia, neutropenia, etc.) is harder to assess
retrospectively.

Nonetheless, our study has several strengths. Primarily, our cohort is by far the largest to be examined in this setting.
All patients were treated in a single center by the same medical team, with the same protocols and methods. Furthermore,
all medical records were available for data collection including detailed and accurate information on the clinical course
and toxicity, and all patients were evaluable for efficacy and safety. This is even more important considering the limited
pre-existing data on the overall rate of severe toxicities with the use of MMC/ capecitabine in advanced lines. Finally,
treated in a large tertiary center, all of our patients had been exposed to the best available regimens before receiving
MMC/ capecitabine.

CONCLUSION

In summary, MMC/ capecitabine in the advanced line setting for mCRC patients is a safe, generally well-tolerated and
affordable regimen, with substantial DCR and durable effect on QoL and OS. Our study identified some readily available
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clinical and laboratory-based parameters, previously validated in multiple clinical settings, which may define subgroups
of patients more likely to benefit from this combination. We believe that larger scale evaluation of MMC/ capecitabine in
the advanced setting is warranted.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) represents one of the most common and lethal solid tumors. When diagnosed in an early stage,
surgery +/- adjuvant chemotherapy may result in cure; however, up to half of all patients present or develop metastases
during the course of the disease (mCRC). Standard chemotherapy combinations in use for the treatment of metastatic
disease include FOLFIRI, FOLFOX, and XELOX, frequently administered with biological agents such as bevacizumab and
cetuximab, resulting in an improved outcome. However, once the disease becomes resistant to standard lines, the
prognosis is dismal and further treatment options are limited. In the present study we retrospectively examined the
effectiveness and tolerability of mitomycin C (MMC)/capecitabine as an advanced line in patients with mCRC who had
progressed on standard systemic regimens.

Research motivation

To determine whether the MMC/ capecitabine regimen, a potentially synergistic combination, could represent a valid
therapeutic option in patients with refractory mCRC. The use of this combination in this setting has not been fully invest-
igated as yet.

Research objectives

Ours is the largest study published so far on the use of MMC/ capecitabine as third or further line of treatment in mCRC.
We were able to determine the antitumor activity of this regimen as well as the adverse events resulting from its adminis-
tration.

Research methods

This was a retrospective analysis which included 119 patients with previously treated mCRC cared for at a single tertiary
facility in Israel over a period of 14 years (2006-2020). Data on patient and tumor characteristics at the onset of MMC/
capecitabine and prior treatments were retrieved from the patients” medical records. A detailed analysis on the delivery
of MMC/ capecitabine including number of cycles, duration of treatment, dose intensity, its efficacy and toxicity, was
carried out. Univariate and multivariate analyses on the impact of various patient and tumor characteristics on response
and survival outcomes were performed.

Research results

All 119 patients were evaluable for efficacy and toxicity. One patient (0.8%) achieved a partial remission and 28 patients
(23.5%) had stable disease for a disease control rate of 24.3%. Median duration of disease control, progression-free
survival (PFS) and overall survival (OS) were 4.2 mo, 2.1 mo, and 4.8 mo, respectively, with an estimated 6-mo OS rate of
44.0% and of PFS of 8.7%. The disease control rate was higher in patients with metachronous than with synchronous
metastatic disease, and in patients with lower pre-treatment GGT levels, normal hemoglobin, and higher serum albumin
levels. PFS correlated with left tumor location and lower GGT levels, while OS correlated with those two parameters as
well as with histological grade, performance status and normal bilirubin levels.

Research conclusions

MMC/ capecitabine as an advanced line in patients with mCRC is generally well tolerated and notwithstanding the
almost universally lack of objective responses, about one quarter of our patient population achieved disease control.
Moreover, the efficacy and safety features of this easily accessible regimen seem comparable to the two approved
treatment options in this setting, regorafenib and TAS-102. Importantly, based on simple and readily available clinical
and laboratory parameters, we were able to identify subgroups of patients more likely to benefit from the administration
of MMC/ capecitabine.

Research perspectives

Based on our results, we believe that evaluation of MMC/ capecitabine as an advanced line in mCRC should be further
pursued. At the same time, intensive research should focus on identifying active novel combinations as this remains an
unmet need in refractory mCRC.
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