
 Journal of Analytical Oncology, 2023, 12, 29-36 29 

 
 ISSN: 1927-7210 / E-ISSN: 1927-7229/23  © 2023 Neoplasia Research 

Survival Outcomes in High-Risk, Resected Colorectal Cancer with 
and without Maintenance Therapy  

Miklos L. Auber1, Sijin Wen2, Francesca Farran3 and Gerald M. Higa1,3,* 

1Department of Medicine/West Virginia University/Morgantown, WV, USA 
2Department of Biostatistics/West Virginia University/Morgantown, WV, USA 
3Department of Clinical Pharmacy/West Virginia University/Morgantown, WV, USA 

Abstract: Introduction: Deaths due to colorectal cancer are disproportionately higher than either breast or prostate 
cancers even though the majority of new cases are potentially curable at diagnoses. If only half of the losses is due to 
metastatic disease at diagnosis, then a share of the remaining deaths must be attributable to tumor recurrence after 
presumptively curative therapy of early-stage disease. If so, current management of the latter group is suboptimal for a 
considerable number of subjects, a perception which argues for an assessment of maintenance therapy. Moreover, most 
recurrences occur within 24 months after standard surgical and (neo)adjuvant therapies.  

Objective: To assess relapse-free and overall survival among patients with high-risk, resected tumors who did and did 
not receive maintenance therapy following completion of treatment according to accepted guidelines.  

Methods: Pertinent clinical details were collected on 85 subjects, 37 who were, and 48 who were not, treated with 
maintenance therapy. Descriptive statistical analyses related to survival outcomes were performed on accumulated data. 
Wilcoxon rank test and Fisher’s exact test were used to examine the continuous and categorical variables, respectively. 
Kaplan-Meier method and log-rank test were used to analyze between-group relapse-free and overall survival.  

Results: Of the entire cohort, 63 of 85 (74.1%) subjects have no evidence of disease, a median of 5 years from the end 
of adjuvant therapy. Kaplan-Meier analyses indicated statistically, but not necessarily clinically, non-significant 
differences in median 5-year relapse-free survival, 79.8% vs 69.2%, and overall survival, 87.8% vs 81.7% in the treated 
and untreated groups of patients, respectively. A total of 21 subjects died; three of seven (treated group) and all 14 
(untreated group) due to cancer.  

Conclusion: Obscured is the hint that maintenance therapy is clinically more effective than what the p-value intimates. 
The results of this retrospective data collection and analyses suggest that some patients with early-stage, high-risk 
disease, will derive survival benefits with maintenance therapy.  
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INTRODUCTION 

Recent published data estimate 153,000 new 
colorectal cancer (CRC) diagnoses in the United States 
(US) in 2023 [1]. Quantitatively, CRC is the fourth most 
common site-specific solid tumor (after breast, prostate 
and lung) but disease-related deaths are 
disproportionately higher than breast and prostate 
cancers. While the 5-year recurrence-free survival 
(RFS) rate approximates 70% following resection and 
(neo)adjuvant therapy, survival outcomes are not 
uniform among all subsets of stage 3, and stage 2, 
tumors [2]. Still, there is cautious optimism as a 
pragmatic analysis of global trends related to CRC 
indicated a decrease in mortality in countries, including 
the US, with high human development indices (HDI). 
Three components of the HDI associated with the 
improvement in survival include screening 
colonoscopy, molecular analysis (i.e., KRAS, gene  
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methylation, microsatellite instability) and adjuvant 
systemic therapy [3]. Nonetheless, a proportion of 
patients with early-stage disease will not be cured 
despite these efforts. Furthermore, the inference that 
six months of adjuvant chemotherapy is only palliative 
for a significant number of subjects argues for an 
appraisal of extended systemic treatment. 

It is important to note that the concept of 
maintenance therapy in CRC has been investigated, 
though only in patients with metastatic disease [4-7]. 
Variable results have been reported in this setting with 
the majority of studies showing some benefit. However, 
durable well-being was not observed.  

If the belief that anticancer treatment modalities are 
more effective in early stage (low tumor burden) 
disease, then maintenance therapy should be of some 
benefit after standard adjuvant therapy. Nevertheless, 
potential favorable consequences must be balanced 
relative to the costs (physical, emotional and financial) 
associated with possible overtreatment. 

The primary objective of this study is to analyze 
survival outcomes in subjects with high-risk, surgically-
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resected CRC who received or did not receive 
maintenance treatment following adjuvant 
chemotherapy. 

PATIENTS AND METHODS  

A total of 85 patients included in this report had 
cancers of the colon or rectum classified pathologically, 
and clinically, as high-risk tumors. Eighty patients had 
disease staged 2B, 2C, 3A, 3B, or 3C. All subjects in 
these subsets with colon cancer underwent surgery 
followed by standard adjuvant chemotherapy; patients 
with rectal cancer received neo-adjuvant chemo-
radiation therapy followed by surgery and adjuvant 
chemotherapy. Five patients were diagnosed with 
stage 4 tumors, two of who had extrahepatic 
metastases. The three subjects with liver metastases 
received neo-adjuvant radiofrequency ablation (RFA); 
one of these patients was also treated with intrahepatic 
arterial infusion of floxuridine (FUDR). All five subjects 
had no measurable disease following RFA +/- FUDR 
as mentioned, neo-adjuvant chemotherapy, surgery 
and systemic adjuvant therapy. 

All subjects with stage 3 disease received standard 
adjuvant chemotherapy. Notably, post-surgery 
systemic treatment is also recommended for “high-risk” 
stage 2B and 2C tumors; those individuals who 
consented to adjuvant therapy were included in this 
analysis. Despite the proven clinical benefit of adjuvant 
therapy, disease relapse still occurs in a significant 
number of patients. However, current standard does 
not include treatment beyond completion of adjuvant 
therapy. 

Appeal for Maintenance Therapy 

Because of the uncertainty related to cancer 
recurrence, a number of patients expressed a 
preference for further treatment in order to reduce this 
risk. It was in this setting that the implications of 
maintenance therapy for resected CRC was 
contemplated. And weighing the elements of cost, 
route of administration, side effect profile, and quality of 
life, capecitabine was considered an appropriate, and 
reasonably tolerable, treatment option. 

Plain and open discussion was paramount to 
ensure that all interested subjects were fully aware of 
the proposed intervention, the importance of their 
involvement in the decision-making process, the 
standard alternative, and potential risks associated with 
the proposed intervention; the possibility of relapse risk 
reduction was mentioned but not magnified. All of these 
discussion points form the basis of respect for persons, 

beneficence, and justice taken from the Belmont 
Report [8]. Only patients who gave verbal informed 
consent (which was witnessed by GMH and MLA and 
documented in their medical records) were treated with 
capecitabine as maintenance therapy with the 
understanding that treatment would be discontinued if 
the disease progressed, intolerable toxicity developed, 
or patient or physician decided to stop, whichever 
came first.  

Design 

Intervention group - the prescribed dose of 
capecitabine was 1,500 – 2,000 mg/m2/day in divided 
doses for one week, every other week. A priori 
adjustments to this dosage were based on patient age, 
co-morbidities, and performance status. Kidney 
function did not influence drug dose though patients 
with calculated creatinine clearances <30 ml/min were 
not included; body surface area was capped at 2 m2. 
The planned course of maintenance therapy was 60 
months with the stipulation related to stopping 
mentioned previously. 

Non-intervention group - routine follow-up for 
disease assessment 

The co-primary endpoints were between-group 
relapse-free survival (RFS) and overall survival (OS). 
Relapse-free survival is defined as the time from the 
end of adjuvant therapy to relapse, institution of new 
therapy, or death, whichever occurred first; overall 
survival is defined as the length of time from diagnosis 
to death from any cause. The duration of follow-up is 
defined as the number of months from end of standard 
adjuvant therapy until the last follow-up visit or data 
cutoff. 

Statistical Analyses 

Descriptive statistical analyses were performed on 
the two cohorts to summarize data related to time from 
end of adjuvant therapy to last assessment, respective-
group disease status, and RFS and OS at the time of 
this report including summary tables, and median and 
standard deviations. Wilcoxon rank test and Fisher’s 
exact test were used to examine the continuous 
variables and categorical variables, respectively. 
Kaplan-Meier method and log-rank test were used to 
examine RFS and OS between treatment groups. 

RESULTS 

Thirty-seven of the 85 subjects included in this 
report were, or continue to be, treated with capeci-
tabine as maintenance therapy. Numbers of colon and 
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rectal cancer cases were 58 and 27, respectively. A 
summary of key data is shown in Table 1. 

Duration of follow-up from the end of adjuvant 
therapy is shown in Figure 1. Median duration for the 

group as a whole was approximately 5 years, though 
the medians for the treated and untreated groups 
differed, 3.75 years and 8.46 years, respectively. Of the 
treated cohort, 29 subjects have no evidence of 
disease at their last clinic visit. Twenty of these 29 

Table 1: Demographics of Treated and Untreated Subjects  

Treated Untreated 
Variables 

n (%) n (%) 

Gender 

F 14 (37.8) 25 (52.1) 

M 23 (62.2) 23 (47.9) 

Stage (in detail) 

2B  0  1 (2.1) 

2C 3 (8.1) 3 (6.2) 

3A 3 (8.1)  5 (10.4) 

3B 15 (40.5) 32 (68.7) 

3C 12 (32.4)  6 (10.4) 

4 4 (10.8) 1 (2.1) 

Disease.status at time of data collection 

NED 29 (78.4) 34 (70.8) 

Metastatic  8 (21.6) 14 (29.2) 

Died from metastatic disease 3 (8.1) 14 (100) 

 Median (range) Median (range) 

Age 59 (40, 87) 64 (40, 87) 

SEER 5-year survival rate 0.33 (0.13, 0.73) 0.33 (0.13, 0.73) 

Duration capecitabine (months) 27 (3, 60)  

Time, end of adjuvant therapy to last seen (years)  3.75 (0.42, 19) 8.46 (0.33, 23.83) 

 
Figure 1: Water-fall plot of time from end of adjuvant therapy to last assessment (median 5 years). 
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patients received capecitabine >27 months, none of 
who relapsed; all eight of the relapses occurred within 
24 months following the end of adjuvant therapy. 
Comparatively, there were 14 relapses in the untreated 
group, 10 of which occurred less than 24 months of 
ending adjuvant therapy. Based on Kaplan-Meier (K-M) 
method, 5-year RFS was 79.8% (95% CI: 67.5% - 
94.4%) in the treated cohort and 69.2% (95% CI: 
56.8% - 84.1%) in the untreated group (Figure 2), p = 

0.49; K-M estimates for 5-year OS were 87.8% (95% 
CI: 74.9% - 99.9%) in the treated group and 81.7% 
(95% CI: 71% - 94.1%) in the untreated group, p = 0.17 
(Figure 3). 

A total of 21 subjects have died at the time of data 
analysis. Of the seven deaths in the treated group, four 
patients had no evidence of disease (NED) at the time 
of their passing. In contrast, all 14 deaths among the 

 
Figure 2: Comparative Kaplan-Meier plots of RFS between treated and untreated groups. 

 

 
Figure 3: Comparative Kaplan-Meier plots of OS between treated and untreated groups. 
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untreated subjects were due to metastatic disease. Of 
note also, all five subjects with stage 4 disease at 
diagnosis were still alive with NED after more than four 
years of follow up. Four of the latter five patients 
received maintenance capecitabine for at least 48 
months; the other subject was treated similarly for more 
than a year. The most common side effect observed 
was grade 1/2 hand-foot syndrome which occurred in 
nearly all of the treated subjects. The relatively low-
grade toxicity responded to, or resolved with, dose 
reduction (500 mg of the total daily dose). None of the 
capecitabine-treated patients discontinued therapy due 
to drug intolerance. 

DISCUSSION 

Randomized clinical trials demonstrate near 
doubling of relative disease-free survival with the 
addition of oxaliplatin to fluorouracil-based adjuvant 
therapy for colon cancer [9,10]. And though arguable, 
some oncologists prefer an oxaliplatin-based regimen 
for all patients with resected rectal cancer, an approach 
consistent with the National Comprehensive Cancer 
Network guidelines. In addition, oxaliplatin-containing 
adjuvant therapy has also been reported to be 
associated with improved survival in real-world 
community-based settings of older and ethnically-
diverse subjects who were treated at the discretion of 
treating clinicians [11-14]. Still, the number of annual 
CRC deaths is approximately a third of the annual 
incidence, a percentage that is more than double the 
mortality rates of breast and prostate cancers in their 
respective incident populations. While differences in 
tumor biology may partially explain the poorer disease 
outcomes, extended duration systemic therapy may 
also impact survival endpoints. It has been clearly 
shown that addition of adjuvant endocrine therapy has 
improved disease-free and overall survival in patients 
with operable hormone-sensitive breast cancer [15,16]. 
Indeed, durations of endocrine therapy exceeding five 
years confer even greater survival benefits. 
Furthermore, patient age, anatomic stage, tumor size, 
lympho-vascular invasion, extent of nodal involvement, 
tumor grade, and genomic signature are used to 
identify women with estrogen receptor-positive tumors, 
some of who will benefit from addition of 
chemotherapy. Significant benefit in prostate cancer-
specific survival has also been observed with longer 
hormone deprivation therapy [17,18]. 

Consistent with previous reports was the finding in 
our study that most recurrences occurred within the 
first two years after completion of standard therapy. Of 
the 22 recurrences in the entire population, 18 (81.8%) 

occurred within 24 months. And even though not 
statistically significant, the numerical difference 
between the two groups (8, treated group; 14, 
untreated group) may be inherently meaningful. For 
example, that disease relapse has not been observed 
among subjects who received capecitabine exceeding 
two years with a follow-up approaching four years 
suggest that some of the early (and even late) 
recurrences may be pre-empted. Support for this belief 
comes from the common dataset of the German 
Cancer Society restricted to patients with colorectal 
cancer. In this large retrospective population-based 
cohort study, investigators detected significantly better 
recurrence-free and overall survival in women 
compared with men [19]. These outcomes are even 
more telling when considering that right-sided tumors 
were more common, tumors were of higher grade and 
stage, and treatment with chemotherapy occurred less 
frequently among women. Of note, this particular 
finding is consistent with the lower recurrence rate in 
women compared to men, 20% and 39.1%, 
respectively, among the untreated subjects in our 
study. What is particularly interesting is if female 
gender is innately advantageous, then, logically, 
women should derive less benefit from maintenance 
therapy. This logic is corroborated by the finding of a 
very modest difference (regarding recurrence) between 
females in the treated and untreated cohorts, 18.8% 
and 20%, respectively, again, in our study population. 
Conversely, a lower recurrence rate (and greater 
benefit) was observed among males in the treated and 
untreated groups, 22.7% and 39.1%, respectively. 
Because gender may impact survival outcomes, the 
question whether the greater number of women in the 
untreated cohort could have affected RFS is not a 
rhetorical one. 

Another comparable finding relates to the 5-year 
RFS (69.2%) in the absence of maintenance therapy in 
our study which is nearly identical to the 70% reported 
by other investigators [20]. In addition, while the 10% 
between-group difference (79.8%, treated vs 69.2%, 
untreated) from our data is not significant statistically, 
this may not be the case clinically when applied to a 
larger population of patients. Notable also is the 
perceptibly greater benefit of capecitabine on OS 
although it is not statistically significant due to the small 
sample size. In this context, even though between-
group number of deaths (7, treated; 14, untreated) did 
not differ significantly, the number of cancer-related 
deaths were appreciably lower with maintenance 
therapy (i.e. 3 of 7, treated; 14 of 14, untreated). 
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Lastly, all five subjects with metastatic disease (at 
diagnosis) and NED >5 years from end of adjuvant 
therapy suggest that this outcome may be partially 
attributable to continued systemic therapy. Despite this 
small number, it is important to emphasize that median 
overall survival of patients with metastatic colorectal 
cancer (mCRC) is approximately 30 months. [21] 

Although a formal quality of life tool was not utilized, 
none of the subjects had their treatment discontinued 
because of unmanageable side effects. One other 
concern of maintenance therapy relates to the 
development of second malignancies. A single 
institution reported a small number of patients treated 
for CRC who were subsequently diagnosed with acute 
leukemia or myelodysplasia [22]. However, limited data 
precluded any conclusive statement regarding a causal 
relationship between prior therapy and incident 
hematologic malignancies. Instead, the authors 
speculated that incorporation of oxaliplatin, rather than 
fluorouracil, may be the link between anticancer 
therapy and latent marrow aberrances. Adding further 
credence to their notion regarding the lack of culpability 
of the fluoropyrimidine is the absence of any reported 
premalignant marrow findings or leukemogenic effect 
associated with capecitabine therapy. 

A number of study limitations were considered in 
conjunction with the assessment of the clinical data. 
First, retrospective data collection using medical 
records frequently limits access to all facets related to 
patient care. However, the subjects in this report were 
patients of only one oncologist. Meticulous accounting 
of patient-related information including date of, and 
stage at, diagnosis, all anticancer treatments, blood 
and radiographic assessments, and follow-up visits 
support the accuracy of the data collected. 
Nonetheless, some information such as the cause of 
the unexpected deaths regarding four treated subjects 
(NED) was not available. Even so, CRC patients tend 
to be elderly and many of them have assorted 
comorbidities and competitive risks of death. Second, 
while subjects who received capecitabine were 
“selected” based on having tumors with high-risk 
features for relapse and provision of verbal consent to 
receive maintenance therapy the results were not 
biased by selection based on “best” individual 
outcomes. Third, a relapse-free interval of 5 years 
generally approximates cure. While the majority of 
patients in the untreated group met this endpoint, only 
35% (13 of 37) of the treated patients met this criterion. 
Still, 31 (83.7%) of the latter group have follow-ups 
exceeding two years, a cardinal numeric in that tumor 

recurrences in patients occur most frequently within 24 
months. Fourth, the selection of a lower than FDA-
approved dose (i.e., 2,500 mg/m2/day) was justified 
based on clinical experience that most patients were 
unable to tolerate this dosage regimen. Furthermore, a 
dose-response relationship has not been established 
for capecitabine; and lower drug dose is not only 
associated with a better therapeutic index [23] but may 
also inhibit angiogenesis and immune escape [24]. 
Fifth, the small sample size precludes making any 
definitive statement regarding therapeutic efficacy. 
Even so, the data in this report related to patients 
receiving standard therapy only are remarkably similar 
to other previously studies; even the modest benefits 
observed among our treated group are consistent with 
findings involving maintenance capecitabine in triple 
negative breast cancer [25]. 

CONCLUSION 

While the role of maintenance therapy has been 
established in several cancers, testing of the same 
concept has not occurred in patients with surgically-
resected, high-risk CRC. Because of its approval for 
the treatment of mCRC, capecitabine could be also 
beneficial after standard adjuvant therapy. The initial 
results of this retrospective analysis suggest that some 
patients with early-stage, low-tumor burden but high-
risk disease, will derive survival benefits with extended 
duration systemic therapy. Even though the optimal 
dose and duration is not known, the use of 
capecitabine, at reduced doses, following standard 
adjuvant therapy is practicable, tolerable, and 
potentially life-sustaining. 
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