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Abstract
Objective To assess the patterns of hospitalizations among early-stage colon cancer patients receiving adjuvant chemotherapy 
and to identify high-risk groups that may benefit from more careful monitoring in a real-world, population-based context.
Methods This is a population-based study using linked administrative databases from the province of Alberta, Canada. Any 
events of hospitalization among patients with non-metastatic colon cancer undergoing upfront surgery followed by adjuvant 
chemotherapy were reviewed. Multivariable logistic regression analysis was used to examine factors associated with risk 
of hospitalization, and the impact of hospitalization on overall survival was assessed through Kaplan–Meier estimates and 
Multivariable Cox regression analysis.
Results A total of 2257 patients were considered eligible and were included in the current analysis, including 483 patients 
(21.4%) who were hospitalized within 6 months of the start of adjuvant chemotherapy, and 1774 patients (78.6%) who were 
not. The following factors were associated with a higher hospitalization risk: older age (OR: 1.02; 95% CI 1.01–1.03), higher 
comorbidity (OR: 1.48; 95% CI 1.31–1.67), women (OR for men versus women: 0.79; 95% CI 0.64–0.98), living in the North 
zone (OR for Edmonton zone versus North zone: 0.60; 95% CI 0.42–0.87), and CAPOX chemotherapy (OR for CAPOX 
versus FOLFOX: 1.50; 95% CI 1.12–2.00). Patients with a history of hospitalization during adjuvant chemotherapy had a 
worse overall survival compared to patients who were not hospitalized (P < 0.001).
Conclusion In this study, one out of five colon cancer patients were hospitalized during adjuvant chemotherapy. Older indi-
viduals, women, those with higher comorbidity, and those receiving adjuvant CAPOX were more likely to be hospitalized.
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Introduction

Colorectal cancer is one of the main causes of mortality and 
morbidity in Canada and the world [1–4]. While surgery 
plays the most important role in the management of non-
metastatic disease, (neo)adjuvant treatment has been shown 
to improve oncological outcomes [5–7].

Although many real-world studies have evaluated the 
attrition, and outcomes of adjuvant chemotherapy in the set-
ting of early-stage disease, assessment of serious side effects 
has been dependent on results from randomized controlled 

trials [8–11]. There is a well-known discordance between 
toxicities reported in randomized controlled trials versus 
those reported in population-based studies, with population-
based studies more likely to report a higher incidence of side 
effects (because of generally older patient population and 
higher comorbidity) [12].

Population-based cancer registries are unable to track and 
record chemotherapy-induced toxicities accurately; there-
fore, we utilized events of hospitalization during chemo-
therapy as a surrogate indicator for the occurrence of serious 
adverse events. There is a paucity of data regarding hos-
pitalizations during adjuvant therapy for colon cancer in a 
universal health care model in the real-world setting. Alberta 
is one of the largest Canadian provinces with a provincial 
single over-arching healthcare system (Alberta Health Ser-
vices). We interrogated administrated datasets from this 
publicly funded, centralized healthcare system to evaluate 

 * Omar Abdel-Rahman 
 omar.abdelsalam@ahs.ca

1 Department of Oncology, Cross Cancer Institute, University 
of Alberta, Edmonton, AB, Canada

2 Department of Oncology, Tom Baker Cancer Centre, 
University of Calgary, Calgary, AB, Canada

/ Published online: 21 May 2021

International Journal of Colorectal Disease (2021) 36:1905–1913

http://orcid.org/0000-0002-5117-2502
http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-021-03952-4&domain=pdf


1 3

real-world events of hospitalizations, including their reasons 
and timing, in relation to receipt of adjuvant chemotherapy.

The current study thus aims to assess the patterns of 
hospitalizations among early-stage colon cancer patients 
receiving adjuvant chemotherapy, and to identify high-risk 
groups that may benefit from more careful monitoring in a 
real-world, population-based context.

Methods

Data sources

This is a retrospective, population-based study based 
on linked administrative databases from the province 
of Alberta, Canada. Cancer care in Alberta is publicly 
funded and centrally managed through a provincial body 
“Cancer Care Alberta.” Selected demographic and clin-
icopathological information for all cancer patients in 
the province is reported to the Alberta Cancer Registry, 
cancer treatments are reported through the provincial 
electronic medical records, and hospital admissions are 
captured through the National Ambulatory Care Report-
ing System (NACRS), a national program with which 
Alberta is a collaborating partner. This study links 
information from all the above sources. Study datasets 
were extracted through Surveillance and Reporting 
team within Cancer Care Alberta and then delivered 
to the authors [13]. The authors did not do any chart 
reviews as part of this study. This study was approved 
by Health Research Ethics Board of Alberta (HREBA.
CC-20–0215).

Selection criteria for patients included in the current 
analysis are (1) diagnosis with non-metastatic colon ade-
nocarcinoma, (2) upfront treatment with radical surgery 
(only those surgeries with lymph node assessments were 
considered to avoid inadvertent inclusion of patients under-
going palliative surgeries), and (3) adjuvant chemotherapy 
with one of the following adjuvant chemotherapy regimens 
(Capecitabine, 5FU/FA (5-fluorouracil and folinic acid), 
FOLFOX (infusional 5-fluorouracil, leucovorin and oxali-
platin), CAPOX (capecitabine and oxaliplatin), FLOX 
(5-fluorouracil, leucovorin and oxaliplatin)) started within 
4 months of surgery. Patients with rectal primaries were 
not included, and patients who received postoperative radi-
otherapy (in addition to chemotherapy) were not included; 
this was done to limit the confounding effect of radiother-
apy toxicity on the rates of hospitalization. In cases of two 
primary colon cancers, only the first diagnosed tumor was 
included (regardless of the time of the diagnosis of the 
subsequent cancer).

From a healthcare perspective, Alberta is divided into 
five health zones (North zone, Edmonton zone, Central 
zone, Calgary zone, and South zone). North zone has the 
lowest population/landmass ratio with limited access to 
tertiary healthcare facilities. Further demographic and 
health service differences between the five zones were pro-
vided elsewhere. The two main urban centers in Alberta 
are Edmonton and Calgary where the majority of tertiary 
healthcare centers are located.

Data collection

The following data were included (where available): age at 
diagnosis, sex, stage, primary site/side, Charlson comor-
bidity index, zone of residence, and adjuvant chemother-
apy regimen. Hospital admissions (starting from the date 
of start of adjuvant chemotherapy until 6 months after 
chemotherapy receipt) were reviewed, including number, 
date, and admission diagnoses. Admission diagnoses were 
reported per the ICD coding system, and it is possible 
for patients to have more than one admission diagnosis. 
As this study utilized databases without chart reviews, 
we were not able to ascertain details regarding treatment 
discontinuation.

Statistical analysis

Descriptive statistics were initially used to examine the 
differences between individuals with or without any 
episode of hospitalizations through chi-squared test-
ing for categorical variables and independent t-test for 
continuous variables. Further descriptive analyses were 
conducted for the following three admission diagnoses: 
infection: identified by ICD codes of A00-B99; diges-
tive toxicities: identified by ICD codes of K00-K93; and 
circulatory disorders: identified by ICD codes of I00-I99. 
It has to be noted that many patients have more than one 
admission diagnosis (i.e., they are not mutually exclu-
sive). Multivariable logistic regression analysis was then 
used to examine the association between some demo-
graphic and clinical variables and hospitalization risk. 
The following variables were included in this model: 
age, sex, side of primary, adjuvant chemotherapy regi-
men, Charlson comorbidity index, stage, and zone of 
residence.

In order to examine the impact of hospitalization on 
overall survival, Kaplan–Meier survival estimates and log-
rank testing were used to compare overall survival between 
individuals who have any hospital admission versus those 
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who have none while receiving adjuvant chemotherapy. 
Moreover, multivariable Cox regression analysis was con-
ducted, and the model included age, sex, side of primary, 
type of adjuvant chemotherapy, Charlson comorbidity 
index, stage, hospitalization, and zone of residence. All 
analyses were conducted through SPSS statistical software 
(version 26.0, IBM, NY).

Results

Patients’ characteristics

Figure 1 provides an algorithm for the study selection 
process of included patients. A total of 2257 patients 
were considered eligible and were included in the current 

Data of 28252 records of colorectal cancer cases
diagnosed 2004-2018 were available from Alberta 
Cancer Registry

A total of 10808 patients with the following characteristics were further considered:

Stage I to III; adenocarcinoma/ its variants, upfront surgery with complete information about lymph node 
status (i.e. radical surgery), no postoperative radiotherapy and not a second primary colon cancer

Assessed for eligibility= 18343

A total of 9909 records with rectal/ 
recto-sigmoid primary were 
excluded.

A total of 2257 patients who received 
postoperative chemotherapy within 4 
months of surgery were finally included

Fig. 1  Flowchart of the patient selection process
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analysis, including 483 patients (21.4%) who were hos-
pitalized within 6 months of the start of adjuvant chemo-
therapy and 1774 patients (78.6%) who were not. Compar-
ing both groups together, patients who were hospitalized 
were likely to be older (P < 0.001), had a higher comorbid-
ity (P < 0.001), lived in the North zone (P = 0.021), and 
received adjuvant CAPOX (P = 0.036) (Table 1). Percent-
age of patients on different regimens who were hospital-
ized (out of the total number of patients receiving this spe-
cific regimen) was as follows: FOLFOX: 18.9%; CAPOX: 
24.8%; Capecitabine: 22%; 5FU/FA: 21.3%; FLOX: 0%. A 
total of 136 patients (6%) had an infection as one of their 
admission diagnoses, 272 patients (12.1%) had one of the 
digestive toxicities as one of their admission diagnoses, 
and 204 patients (9%) had circulatory disorders as one of 
their admission diagnoses. Figure 2 provides the distribu-
tion of the three admission diagnoses according to sex, 
sidedness, and adjuvant chemotherapy regimen. Women 

were more likely than men to experience infection as an 
admission diagnosis (P = 0.007), right-sided tumors were 
more likely than left-sided tumors to experience infection 
as an admission diagnosis (P = 0.041), and patients receiv-
ing CAPOX or capecitabine as an adjuvant treatment were 
more likely to experience digestive toxicities as one of the 
admission diagnoses (P < 0.001).

Association between hospitalization risk 
and demographic/treatment characteristics

The following factors were associated with a higher hos-
pitalization risk: older age (OR 1.02; 95% CI 1.01–1.03), 
higher comorbidity (OR 1.48; 95% CI 1.31–1.67), women 
(OR for men versus women 0.79; 95% CI 0.64–0.98), living 
in the North zone (OR for Edmonton zone versus North zone 
0.60; 95% CI 0.42–0.87), CAPOX chemotherapy (OR for 
CAPOX versus FOLFOX 1.50; 95% CI 1.12–2.00) (Table 2).

Table 1  Baseline characteristics 
of included non-metastatic 
colon cancer patients according 
to hospitalizations during 
adjuvant chemotherapy

* Zone of residence: Z1: South zone; Zone 2: Calgary zone; Zone 3: Central zone; Zone 4: Edmonton zone; 
Zone 5: North zone; **Percentage of patients on different regimens who were hospitalized (out of the total 
number of patients receiving this specific regimen: FOLFOX: 18.9%; CAPOX: 24.8%; Capecitabine: 22%; 
5FU/FA: 21.3%; FLOX: 0%)

Parameters History of hospitalization 
(483 patients)

No history of hospitalization 
(1774 patients)

P value

Age (mean; SD) 65.05; 12.22 62.03; 11.66  < 0.001
Sex 0.128
  Men 242 (50.1%) 958 (54%)
  Women 241 (49.9%) 816 (46%)
Charlson comorbidity index 

(mean, SD)
0.65; 1.03 0.34; 0.71  < 0.001

Stage 0.650
  I 2 (0.4%) 8 (0.5%)
  II 74 (15.3%) 303 (17.1%)
  III 407 (84.3%) 1463 (82.5%)
Side of primary 0.096
  Proximal 293 (60.7%) 980 (55.2%)
  Distal 187 (38.7%) 778 (43.9%)
  Unknown 3 (0.6%) 16 (0.9%)
Zone of  residence* 0.021
  Z1 37 (7.7%) 102 (5.7%)
  Z2 153 (31.7%) 615 (34.7%)
  Z3 61 (12.6%) 174 (9.8%)
  Z4 178 (36.9%) 735 (41.4%)
  Z5 54 (11.2%) 148 (8.3%)
Type of  chemotherapy** 0.036
  FOLFOX 140 (29%) 601 (33.9%)
  CAPOX 117 (24.2%) 355 (20%)
  Capecitabine 213 (44.1%) 755 (42.6%)
  5FU/FA 13 (2.7%) 48 (2.7%)
  FLOX 0 15 (0.8%)
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Impact of hospitalization on overall survival

Using Kaplan–Meier estimates, patients with a history of 
hospitalization during adjuvant chemotherapy had worse 
overall survival compared to patients who were not admit-
ted to hospital (P < 0.001) (Fig. 3). Within a multivari-
able Cox regression analysis, history of hospitalization 
was also associated with worse overall survival (HR for 

no hospitalization versus hospitalization 0.70; 95% CI 
0.58–0.85). Other factors associated with worse overall 
survival include older age (HR 1.02; 95% CI 1.01–1.03), 
men (HR 1.22; 95%CI 1.03–1.45), higher comorbidity 
(HR 1.14; 95% CI 1.04–1.24), higher stage (HR for stage 
II versus stage III 0.57; 95% CI 0.44–0.76), and proximal 
side of the primary (HR for distal versus proximal side 
: 0.74; 95% CI 0.62–0.89) (Table 3).

Fig. 2  Distribution of admis-
sion diagnoses according to a 
sex, b sidedness, and c type of 
adjuvant chemotherapy
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Table 2  Multivariable logistic regression analysis for factors associ-
ated with hospitalization risk

* Because of very small number of patients who received FLOX, this 
was not reported in this table

Parameters OR (95% CI)

Age 1.02 (1.01–1.03)
Sex
  Women Reference
  Men 0.79 (0.64–0.98)
Charlson comorbidity index 1.48 (1.31–1.67)
Stage
  III Reference
  I 1.03 (0.21–4.95)
  II 1.05 (0.77–1.41)
Side of primary
  Proximal Reference
  Distal 0.87 (0.70–1.07)
Zone of residence
  Z5 Reference
  Z1 0.94 (0.57–1.56)
  Z2 0.73 (0.50–1.06)
  Z3 0.87 (0.56–1.36)
  Z4 0.60 (0.42–0.87)
Type of  chemotherapy*

  FOLFOX Reference
  CAPOX 1.50 (1.12–2.00)
  Capecitabine 0.93 (0.71–1.22)
  5FU/FA 0.98 (0.51–1.90)

Fig. 3  Overall survival accord-
ing to occurrence of hospitaliza-
tion within 6 months of starting 
adjuvant chemotherapy

Table 3  Multivariable Cox regression analysis for factors associated 
with worse overall survival

Because of very small number of patients who received FLOX, this 
was not reported in this table

Parameters HR (95% CI)

Age (mean; SD) 1.02 (1.01–1.03)
Sex
  Women Reference
  Men 1.22 (1.03–1.45)
Charlson comorbidity index 1.14 (1.04–1.24)
Stage
  III Reference
  I 1.25 (0.40–3.92)
  II 0.57 (0.44–0.76)
Side of primary
  Proximal Reference
  Distal 0.74 (0.62–0.89)
Zone of residence
  Z5 Reference
  Z1 1.69 (1.11–2.57)
  Z2 0.88 (0.63–1.23)
  Z3 0.82 (0.54–1.25)
  Z4 0.78 (0.57–1.09)
Type of chemotherapy
  FOLFOX Reference
  CAPOX 0.82 (0.61–1.10)
  Capecitabine 1.13 (0.91–1.40)
  5FU/FA 1.17 (0.77–1.79)
Hospitalization during chemotherapy
  Yes Reference
  No 0.70 (0.58–0.85)
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Discussion

The current study evaluates patterns of hospitalizations 
among patients with non-metastatic colon cancer within 
6 months of starting adjuvant chemotherapy. It showed that 
within this study cohort, one out of five colon cancer patients 
were hospitalized during adjuvant chemotherapy. Older indi-
viduals, women, those with higher comorbidity, those living 
in the North zone (i.e. less urban areas), and those receiving 
adjuvant CAPOX are more likely to be hospitalized. This 
data can be relevant when counseling patients about the real-
world risks associated with adjuvant chemotherapy in the 
setting of colon cancer.

Association of older age with higher hospitalization 
risk is in line with many prior studies (both randomized 
and population-based) highlighting the heightened toxicity 
risks associated with chemotherapy in older individuals 
[14, 15]. Although biological age (rather than chrono-
logical age) is the standard assessment tool for chemo-
therapy eligibility, elderly individuals are likely to have 
more comorbid conditions, and therefore, higher risks of 
side effects from chemotherapy. Likewise, prior studies 
have described sex-based differences in chemotherapy 
side effects in the setting of gastrointestinal cancers, with 
women having higher risks of hematologic and gastroin-
testinal side effects [16, 17]. Results from the current study 
are consistent with the findings from these other studies 
and suggests that further work on gender-based tailoring 
of treatment is warranted; this may require chemotherapy 
dosing based on lean body mass. In the interim, clinicians 
may choose to monitor women and older patients more 
closely for treatment-related toxicities. On the other hand, 
higher hospitalization risks among individuals living in 
the North zone can potentially be explained by limited 
access to specialist care in this area of the province. This 
could have led to patients presenting to emergency depart-
ments to discuss their health concerns instead of contact-
ing their primary care providers and/or their specialist 
physicians.

Adjuvant CAPOX seems to be associated with a higher 
risk of hospitalizations compared to adjuvant FOLFOX. 
This is shown in the current study to be driven by a higher 
risk of digestive toxicities (likely driven by the capecit-
abine component of the regimen as capecitabine was also 
associated with a higher risk of digestive toxicities). It 
should be noted that most of the patients in the current 
study were treated before 2018 (i.e., before the publica-
tion of the IDEA trial results). Thus, it is not known if 
3 months of CAPOX (the currently favored regimen for 
low-risk stage III patients) will be associated with the 
same higher risks of hospitalizations as the 6-month regi-
men. Nevertheless, this study suggests that if a 6-month 

regimen is indicated, FOLFOX has a lower risk of hospi-
talization, which should be considered when counselling 
patients. Electronic patient self-reporting of adverse events 
compared to usual care has not yet been shown to reduce 
hospitalizations for patients on adjuvant chemotherapy, 
but this is an area that should continue to be investigated 
[18]. Although the current study was in the pre-COVID-19 
era, one important topic for health services research in the 
future  is the potential impact of increasing use of virtual 
care in oncology practices on the risk of serious adverse 
events and subsequent hospitalizations among cancer 
patients receiving systemic therapy [19].

Prior studies have shown that a number of factors are 
linked to higher toxicity of adjuvant chemotherapy of colon 
cancer. These include decreased muscle mass, and Cauca-
sian ethnicity (compared to African American ethnicity). 
Given the way the Alberta Cancer registry is organized and 
coded, these two factors could not be evaluated in the cur-
rent study [20, 21].

Ten patients with stage I colon cancer were reported to 
have received adjuvant chemotherapy in the current dataset. 
This is not consistent with the current treatment guidelines 
for colon cancer in Alberta or elsewhere [22]. It is unclear 
if there were specific risk features and/or stage uncertainty 
for those individuals that required the use of adjuvant 
chemotherapy.

Hospitalizations during adjuvant chemotherapy have 
been shown to predict worse overall survival among 
included patients. There are a number of factors which 
may have contributed to this excess mortality, including 
the direct and/or indirect impact of toxicities, underlying 
hospitalizations, the fact that hospitalized patients are 
likely to have other adverse prognostic features (e.g., older 
age and higher comorbidity), possible dose reduction/
treatment interruptions resulting from treatment-related 
hospitalizations, inability to administer effective salvage 
chemotherapy at the time of relapse (because of prior 
severe side effects experienced during adjuvant chemo-
therapy), or possibly to a combination of the above factors. 
Men were also shown to have worse overall survival com-
pared to women in the current study. Prior studies have 
suggested that this difference is related to a possibly higher 
comorbidity burden among men versus women rather than 
to a particularly aggressive disease biology among men 
versus women [23]. This also adds to the body of literature 
highlighting gender-based differences in gastrointestinal 
cancer.

Some limitations of the current study need to be considered.  
First, hospitalizations in the current study were used as a sur-
rogate indicator of treatment -emergent toxicities. However,  
it is possible that some of these hospitalizations were for  
non-treatment-related reasons (this is something that cannot be 
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differentiated without a dedicated chart review which has not 
been done in the current study). It is possible also that hospi-
talization rates are affected by other non-medical issues (e.g., 
zone of residence and access to timely primary care). Second, 
some patients with significant toxicities might have presented 
with toxicities to their family physicians, oncologists, or other 
healthcare providers in a non-hospital setting. These events 
would not be captured in the current study unless they are asso-
ciated with subsequent hospitalizations (which is not necessar-
ily the case for every patient). Third, the evaluated datasets are 
only related to provincial administrative databases in Alberta. 
Thus, if a patient did have a treatment-related hospitalization in 
another jurisdiction (while they are receiving chemotherapy in 
an Alberta cancer center), this information will not have been 
captured in the current study. Fourth, despite our best efforts, 
there is a still a possibility of miscoded information in any of the 
accessed databases (and such miscoding can only be detected 
with a chart review which was not done in the current study). 
These limitations need to be weighed against the strengths of 
the current study, including the reliance on administrative data-
sets from a single-payer healthcare system where all patient 
encounters within this system are expected to be captured.

In conclusion, this study demonstrated that adjuvant 
chemotherapy for colon cancer can be  associated with sig-
nificant toxicities, with one in five patients requiring hos-
pitalization. Individuals with older age, women, those with 
higher comorbidity, those living in the North zone (with 
potentially limited access to specialist care), and those 
receiving adjuvant CAPOX were more likely to be hospi-
talized. These risks should be taken into consideration when 
discussing adjuvant chemotherapy options with  patients.
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