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Abstract
Objective To evaluate the predictors of toxicity-related hospitalization associated with various chemotherapy regimens among
metastatic colorectal cancer patients
Methods This pooled analysis includes patient-level datasets from four randomized clinical studies (NCT00272051;
NCT00305188; NCT00115765; NCT00364013). Through univariate and multivariate logistic regression analyses, factors
predicting the development of serious adverse events, fatal adverse events, and toxicity-related hospitalizations were determined.
Results A total of 2533 patients were included in the current study. A total of 1010 patients (39.9%) experienced one or more
episodes of serious adverse events. These include 914 patients (36.1%) who were hospitalized at least once and 148 patients
(5.8%) who suffered from a fatal adverse event. Within multivariate logistic regression analysis, older age (P < 0.001), higher
ECOG score (P < 0.001), bevacizumab-containing chemotherapy (P < 0.001), and panitumumab-containing chemotherapy
(P < 0.001) were predictive of hospitalization. Similarly, older age (P < 0.001), higher ECOG score (P < 0.001), and
panitumumab-containing chemotherapy (P = 0.003) were predictive of fatal adverse events in multivariate logistic regression
analysis. Moreover, in a multivariate Cox regression analysis, hospitalization was predictive of worse overall survival (P < 0.001)
and progression-free survival (P < 0.001).
Conclusions Older age, poorer performance status, and bevacizumab- and panitumumab-containing regimens are associated with
a higher risk of hospitalization. Moreover, hospitalization is predictive of worse overall and progression-free survival.
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Introduction

The development of serious adverse events and subsequent
hospitalization in the context of systemic therapy for colorec-
tal cancer is a big concern for patients and physicians alike [1].
Moreover, it carries significant cost implications for the health
care system [2].

Previous studies assessing the patterns and predictors of
hospitalization among colorectal cancer patients were based
on registry databases or retrospective institutional studies that
combine early and metastatic cases together and that did not
differentiate between hospital admissions because of toxicities
or hospital admissions because of other reasons [3].Moreover,
there was no clear correlation between patient or treatment
characteristics and rates of hospitalization. Additionally, base-
line performance and comorbidity information were mostly
unknown in these studies and the types of chemotherapy reg-
imens used in these studies were outdated by today’s stan-
dards [4, 5].

Thus, in order to provide a more credible and up-to-date
assessment of the predictors of hospitalization, there is a need
to answer this research question based on prospective datasets
(dedicated for metastatic colorectal cancer patients) which
provide sufficient information about baseline performance
and comorbidity as well as differentiate toxicity-related hos-
pital admissions from other vignettes of hospital admissions.

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

1 Clinical Oncology Department, Faculty of Medicine, Ain Shams
University, Cairo, Egypt

2 Department of Oncology, Tom Baker Cancer Centre, University of
Calgary, Calgary, Alberta T2N4N1, Canada

3 Department of Oncology, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada

International Journal of Colorectal Disease (2019) 34:675–680
https://doi.org/10.1007/s00384-019-03252-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-019-03252-y&domain=pdf
http://orcid.org/0000-0002-5117-2502
mailto:omar.abdelsalam@ahs.ca


The use of de-identified clinical trial datasets seems to pro-
vide a suitable medium to answer the above research question
and it fulfills all the criteria outlined above. Project Data
Sphere (PDS) is one of a number of recent platforms which
provide access to these datasets [6], and it was utilized in the
context of the current study.

The status of colorectal cancer as a leading cause of mor-
tality and morbidity in cancer patients and widespread use of
systemic chemotherapy in the treatment of advanced stages of
the disease give additional weight to the current analysis and
indicate its importance to patients and practicing physicians
alike [7, 8].

The current study aims to evaluate the predictors of serious
adverse events (and hospitalization in particular) associated
with various chemotherapy regimens among metastatic colo-
rectal cancer patients.

Methods

Data sources

The primary sources of data for the current study include de-
identified datasets from four randomized studies
(NCT00272051; NCT00305188; NCT00115765;
NCT00364013) which were downloaded from the PDS plat-
form after relevant approvals. Details of the included studies
are summarized in Table 1. Detailed methodology and eligi-
bility criteria were illustrated in the clinicaltrials.gov records
of each study. Primary results were published elsewhere for
the following two trials (NCT00115765; NCT00364013) [9,
10].

For two of the included studies (NCT00272051;
NCT00305188), control arm datasets only were available in
the PDS database; while for the other two studies
(NCT00115765; NCT00364013), datasets of both treatment
arms were available in the PDS database and they were in-
cluded in the current study (Table 1).

Data collection

The following data were collected, where available, from the
included datasets: age at diagnosis; race; gender; ECOG per-
formance status; body mass index; primary tumor location;
number of sites with metastatic disease; type of chemothera-
py; concurrent diabetes mellitus; and hypertension. A serious
adverse event is defined in each of the included studies ac-
cording to the FDA definition [11]. The incidence of serious
adverse events, fatal adverse events, and toxicity-related hos-
pitalizations were recorded in each of the included datasets.
Detailed toxicities which lead to hospitalization were also
recorded.Ta
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Statistical analysis

Frequencies and percentages of different baseline charac-
teristics were first detailed in descriptive statistics. Chi-
squared test was also employed to evaluate the differences
in baseline characteristics between patients who were or
were not hospitalized because of toxicity.

In order to determine factors predicting the development
of serious adverse events; fatal adverse events; and hospi-
talization, univariate and multivariate logistic regression
analyses were conducted (factors with P < 0.05 in the uni-
variate analysis were included in the multivariate logistic
regression analysis). The impact of hospitalization on over-
all and progression-free survival was further assessed in
the univariate and multivariate Cox regression analyses.
Factors with P < 0.05 in the univariate Cox regression
analysis were included in multivariate Cox regression anal-
yses. SPSS statistical software (IBM; NY) version 20.0
was used in all statistical procedures.

Results

Patients characteristics

A total of 2533 patients were included in the current
study. Mean age at diagnosis was 61.05 years (SD,
11.12) and mean body mass index was 26.38 (SD, 5.01).
90.1% of the participants were of the Caucasian race,
60.2% of the participants were men, and 57.8% have an
ECOG score of 0. Additional characteristics (including
the number of sites with distant metastases, primary tumor
site, prior surgery, and chemotherapy treatments) were
clarified in Table 2.

A total of 1010 patients (39.9%) experienced one or
more episodes of serious adverse events. These include
914 patients (36.1%) who were hospitalized at least once
and 148 patients (5.8%) who suffered from a fatal ad-
verse event. Among patients who had fatal adverse
events, 110 patients were hospitalized before death.
Causes of hospitalization included hematological disor-
ders in 7% of cases, cardiac causes in 3% of cases,
gastrointestinal causes in 29% of cases, infections in
13% of cases, neurological disorders in 3% of cases,
respiratory disorders in 7% of cases, renal disorders in
3% of cases, general/ administration site disorders in 9%
of cases, nutritional disorders in 9% of cases, and other
disorders in 17% of cases. Mean follow-up was 19.11
(SD, 11.67).

Comparing patients who were hospitalized versus those
who were not hospitalized, patients who were hospitalized
were more likely to have older age (P < 0.001), higher
ECOG score (P < 0.001), less likely to have prior surgery

(P < 0.001), more likely to be treated with bevacizumab-
containing chemotherapy (P < 0.001) or panitumumab-
containing chemotherapy (P < 0.001), and more likely to
have pre-existing hypertension (P = 0.002). There was no
difference between both groups with regard to race, gender
or primary tumor site, number of organs with distant me-
tastases, or pre-existing diabetes mellitus.

Table 2 Baseline characteristics of included patients in the cohort (2533
patients)

Parameter Number (%)

Age
Mean (SD) 61.05 (11.12)
Missing 0
Gender
Male 1525 (60.2%)
Female 1008 (39.8%)
Race
Caucasian 2281 (90.1%)
Others 252 (9.9%)
Body mass index
Mean (SD) 26.38 (5.01)
Missing 15
ECOG
0 1464 (57.8%)
1 1001 (39.5%)
2 65 (2.6%)
Missing 3 (0.1%)
Primary tumor site
Colon 1726 (68.1%)
Rectum 807 (31.9%)
Number of organs with distant metastases
1 977 (38.6%)
> 2 1552 (61.3%)
Unknown 4 (0.2%)
Prior surgery to the primary
Yes 1205 (47.6%)
No 1328 (52.4%)
Panitumumab-containing chemotherapy
Yes 889 (35.1%)
No 1644 (64.9%)
Bevacizumab-containing chemotherapy
Yes 884 (34.9%)
No 1649 (65.1%)
Diabetes mellitus
Yes 185 (7.3%)
No 1413 (55.8%)
Unknown 935 (36.9%)
Hypertension
Yes 592 (23.4%)
No 1006 (39.7%)
Unknown 935 (36.9%)
SAEs
Yes 1010 (39.9%)
No 1523 (60.1%)
Hospitalization
Yes 914 (36.1%)
No 1619 (63.9%)
FAEs
Yes 148 (5.8%)
No 2385 (94.2%)

BMI, body mass index; SD, standard deviation; SAE, serious adverse event;
FAE, fatal adverse event
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Predictors of serious adverse events
and hospitalization

The following parameters were assessed in the univariate lo-
gistic regression analysis as possible predictors of serious ad-
verse events: race, gender, age at diagnosis, ECOG score,
body mass index; pre-existing diabetes mellitus and hyperten-
sion, bevacizumab-containing chemotherapy, and
panitumumab-containing chemotherapy. The following fac-
tors were predictive of serious adverse events in the univariate
analysis (P < 0.05): age, ECOG score, pre-existing diabetes
mellitus and hypertension, bevacizumab-containing chemo-
therapy, and panitumumab-containing chemotherapy. When
these factors were evaluated in the multivariate logistic regres-
sion analysis, older age (P < 0.001), higher ECOG score
(P < 0.001), bevacizumab-containing chemotherapy
(P < 0.001), and panitumumab-containing chemotherapy
(P < 0.001) were predictive of the development of serious ad-
verse events (Table 3).

The same group of parameters was evaluated in the univar-
iate logistic regression analysis as predictors of fatal adverse
events, and among these parameters, only age at diagnosis,
ECOG score, pre-existing hypertension, and panitumumab-
containing chemotherapy were predictive of fatal adverse
events (P < 0.05). After including these factors into the multi-
variate logistic regression analysis, older age (P < 0.001),
higher ECOG score (P < 0.001), and panitumumab-
containing chemotherapy (P = 0.003) were predictive of fatal
adverse events (Table 4).

Likewise, the same group of parameters was evaluated
in the univariate logistic regression analysis as predictors
of hospitalization. The following factors were predictive
of hospitalization in the univariate analysis (P < 0.05):
ag e , ECOG sco r e , p r e - ex i s t i ng hype r t en s i on ,
b e v a c i z uma b - c o n t a i n i n g c h emo t h e r a p y, a n d
panitumumab-containing chemotherapy (P < 0.05). After
including these parameters in the multivariate logistic re-
gression analysis, older age (P < 0.001), higher ECOG
score (P < 0.001), bevacizumab-containing chemotherapy
(P < 0.001), and panitumumab-containing chemotherapy
(P < 0.001) were predictive of hospitalization (Table 5).

Table 3 Multivariate logistic regression analysis for factors predicting
serious adverse events

Parameters OR (95% CI) P value

Age (continuous) 1.015 (1.007–1.023) < 0.001

ECOG

0 Reference

1 1.613 (1.363–1.908) < 0.001

2 2.329 (1.399–3.878) 0.001

Pre-existing hypertension

Yes Reference

No 0.839 (0.671–1.050) 0.125

Pre-existing diabetes mellitus

Yes Reference

No 0.919 (0.662–1.276) 0.614

Concurrent panitumumab treatment

Yes Reference < 0.001

No 0.593 (0.490–0.717)

Concurrent bevacizumab treatment

Yes Reference < 0.001

No 0.653 (0.519–0.821)

OR, odds ratio

Table 4 Multivariate logistic regression analysis for factors predicting
fatal adverse events

Parameters OR (95% CI) P value

Age (continuous) 1.046 (1.028–1.064) < 0.001

ECOG

0 Reference

1 1.979 (1.396–2.805) <0.001

2 3.570 (1.512–8.428) 0.004

Pre-existing hypertension

Yes Reference

No 0.714 (0.475–1.072) 0.104

Concurrent panitumumab treatment

Yes Reference 0.003

No 0.589 (0.414–0.838)

OR, odds ratio

Table 5 Multivariate logistic regression analysis for factors predicting
hospitalization

Parameters OR (95% CI) P value

Age (continuous) 1.015 (1.007–1.023) < 0.001

ECOG

0 Reference

1 1.597 (1.346–1.894) < 0.001

2 2.089 (1.247–3.484) 0.005

Pre-existing hypertension

Yes Reference

No 0.816 (0.654–1.019) 0.073

Concurrent panitumumab treatment

Yes Reference < 0.001

No 0.612 (0.505–0.742)

Concurrent bevacizumab treatment

Yes Reference < 0.001

No 0.609 (0.481–0.771)

OR, odds ratio
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Impact of hospitalization on survival outcomes

An additional assessment of the impact of hospitalization on
overall and progression-free survival was conducted through
the Cox regression analysis. This survival analysis was re-
stricted to patients who did not experience fatal adverse events
(2385 patients).

The univariate Cox regression analysis for overall survival
included the following factors: age, race, gender, ECOG
score, body mass index, primary tumor site, number of organs
with distant metastases, bevacizumab-containing chemother-
apy and panitumumab-containing chemotherapy, pre-existing
diabetes mellitus, and pre-existing hypertension and hospital-
ization. The following factors were significant in the univari-
ate analysis (P < 0.05): ECOG score, body mass index,
bevacizumab-containing treatment, and hospitalization. In a
multivariate Cox regression model adjusted for (ECOG score,
body mass index, and bevacizumab-containing treatment),
hospitalization was predictive of worse overall survival (haz-
ard ratio, 1.487; 95% CI, 1.340–1.649; P < 0.001).

Similarly, the same group of factors was used in the uni-
variate Cox regression analysis for progression-free survival
and the following factors were significant (P < 0.05): race,
ECOG score, body mass index, bevacizumab-containing che-
motherapy, pre-existing diabetes mellitus, and hospitalization.
In a multivariate model adjusted for race, ECOG score, body
mass index, bevacizumab-containing chemotherapy, and pre-
existing diabetes mellitus, hospitalization was predictive of
worse progression-free survival (hazard ratio, 1.272; 95%
CI, 1.162–1.392; P < 0.001).

Discussion

The current study provides an assessment of the predictors of
hospitalization among patients receiving different chemother-
apy combinations as the first-line treatment of metastatic co-
lorectal cancer. Older age, poorer performance status, and
bevacizumab- and panitumumab-containing regimens are as-
sociated with a higher risk of hospitalization. Moreover, hos-
pitalization is associated with worse overall and progression-
free survival in the multivariate Cox regression model.

There are several weaknesses in the current analysis that
need to be clarified; first, hospitalization rates and predictors
were not the primary research question of the included studies.
Thus, the current study remains technically a retrospective
study of prospectively collected datasets. Additionally, some
relevant prognostic and predictive information is not available
in the current dataset including RAS, BRAF, and MSI status-
es. These weaknesses need to be seen through the lens of
possible strengths which include the reliance on well-
controlled prospectively collected datasets as well as the

exclusion of patients with comorbid serious illnesses as part
of the eligibility assessment of included studies.

An important caveat for understanding the current study is
the highly selective nature of patients included in clinical tri-
als. It is thus expected that—in real-world settings—with
older patient population, poorer performance status, higher
rates of comorbidity, and less meticulous follow-up, the prob-
ability of serious adverse events and hospitalization would be
higher.

The fact that more than one-third of all included patients
were hospitalized at least once, the point to important cost
considerations with regard to the hospitalization of cancer
patients [12]. In the context of ongoing discussions about
reducing health care costs and optimizing the use of available
health care resources, it is important to consider reducing the
rates of hospitalization as a possible cost-reducing measure.
This might be an important topic for future health care quality
projects and research.

The higher rates of hospitalization associated with some
patient subsets should be an important discussion point when
counseling patients about their systemic therapy options. This
is even more relevant given that the aim of treatment in most
of those patients is palliative and quality of life is considered
as an equally important outcome to survival outcomes in those
patients.

The observation of worse overall and progression-free sur-
vival among hospitalized patients might be partly related to
the fact that some forms of disease progression might manifest
as a serious adverse event and subsequently hospitalization
(e.g., cancer pain, small bowel obstruction). This indicates
the need to meticulously screen hospitalized cancer patients
for possible disease progression.

Conclusions

Older age, poorer performance status, and bevacizumab- and
panitumumab-containing regimens are associated with a
higher risk of hospitalization.Moreover, hospitalization is pre-
dictive of worse overall and progression-free survival.
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