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Abstract
Purpose Colorectal cancer (CRC) patients experience several physical and psychological co-occurring symptoms, but little is
known about symptom variation during chemotherapy cycles. Therefore, the aims were (1) to assess the occurrence and severity
of frequently occurring symptoms (worrying, lack of energy, numbness/tingling, nausea, and pain) at multiple time points during
chemotherapy, (2) to investigate differences in symptom trajectories between chemotherapy groups, and (3) to determine whether
selected patient and clinical characteristics are associated with symptom severity throughout the treatment trajectory.
Methods In total, 120 CRC patients receiving chemotherapy with curative or palliative intent completed the Memorial Symptom
Assessment Scale (MSAS), Self-Administered Comorbidity Questionnaire (SCQ-19), and Karnofsky Performance Status (KPS)
scale eight times, during two cycles of chemotherapy and 3 and 6 months after enrolment. Data were analyzed using linear mixed
models for repeated measures to assess the effects of selected variables on outcomes over time.
Results The patients experienced greatest symptom severity in the days following the administration of chemotherapy; these
were lack of energy, numbness/tingling (oxaliplatin group), and nausea. Palliative patients reported significantly higher pain
scores compared with curative patients over time, whereas the severity ofworrying decreased over time in both treatment groups.
Age, sex, educational level, performance status, treatment intent and type of chemotherapy were significantly associated with
symptom severity throughout the chemotherapy trajectory.
Conclusion Clinicians can use these findings to identify and inform patients about risk for more severe symptom burden, in order
to offer supportive care at the right time during the chemotherapy treatment.
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Introduction

A significant number of people are living with colorectal cancer
(CRC), which accounts for the third most frequent cancer

diagnosis worldwide [1]. CRC patients experience a high symp-
tom burden already early in the treatment phase [2, 3] followed
by a range of physical and psychological co-occurring symptoms
during the chemotherapy trajectory [4]. Co-occurring symptoms
are reported to catalyze each other [5], however without system-
atic symptom assessment with Patient-Reported Outcome
Measures (PROMs) during the chemotherapy cycles, symptoms
are at risk of not being detected [6, 7]. Previous research has
shown that patients report lowest levels of symptoms at the day
of chemotherapy [7] whereas chemotherapy triggers the need of
unplanned visits to the general practitioners or hospital in the
days following chemotherapy [8].

Treatment for CRC includes surgery, which is the mainstay
of curative treatment and is often supplemented with radio-
therapy or chemotherapy. Patients operated for colon cancer
stage III are recommended adjuvant chemotherapy, either 5-
fluorouracil (5FU)-based therapy or in combination with
oxaliplatin [9, 10]. Patients receiving palliative chemotherapy
for stage IV disease usually receive combination regimens
with 5FU and oxaliplatin or irinotecan, or 5FU monotherapy,
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often combined with targeted therapy, and often several lines
of chemotherapy until disease progression or toxicity [11].

Chemotherapy is commonly given in cycles, which com-
promises the days of chemotherapy administration (often
over 1–3 consecutive days) followed by a period without
treatment (at home) before the next cycle. Insight into the
self-reported symptoms and their severity are of importance
to give the best supportive care during treatment [12, 13].
Knowledge about the symptoms occurrence and severity
during and between chemotherapy cycles is almost non-
existing in CRC outpatients.

Each chemotherapy regimen has a distinct toxicity profile.
Awell-known side effect of oxaliplatin is peripheral neuropa-
thy [10, 14, 15] which increases with cumulative dose [16], is
often dose-limiting, and may persist after treatment cessation
[15, 16]. Irinotecan and 5FU can cause gastrointestinal toxic-
ity such as diarrhea [10]. Other common side effects of che-
motherapy include neutropenia, nausea, difficulty sleeping [2,
17, 18], cognitive impairment of attention and memory [19],
and lack of energy [2, 20–22]. The disease itself may also
cause pain [3, 21, 23].

Frequent symptom assessments during treatment increase the
chance of capturing symptom fluctuations [6, 7, 24]. In a review
of multiple co-occurring symptoms in CRC patients receiving
chemotherapy, only five studies used a multidimensional symp-
tom assessment instrument [21]. Of these, one studied CRC pa-
tients receiving second-line palliative chemotherapy with a lon-
gitudinal design and found that moderate to severe fatigue was
the most common symptom, whereas pain and nausea improved
slightly over time [18]. Symptom burden at enrolment was re-
ported to be a predictor of symptom burden during chemothera-
py; however, no specification of assessment times were reported
[18]. Other longitudinal studies of CRC patients have assessed
few or single symptoms and have reported increasing fatigue and
depression [22] and decreasing level of anxiety [15, 25] over the
course of chemotherapy, and persisting neuropathy after chemo-
therapy [15]. Small study samples and assessment of only a
single or few symptoms [15, 22, 25] limit the conclusions about
symptom experience that may be drawn from these studies. In a
recently published longitudinal study of gastrointestinal cancers,
the symptoms varied across the course of chemotherapy [4].
However, the time of assessment did not follow the chemother-
apy cycle and therefore does not demonstrate possible symptom
severity between the chemotherapy cycles [7, 8].

Based on the knowledge gap of multiple symptoms during,
and in the days following chemotherapy administration in CRC
outpatients, the aims of the present study were (1) to assess
prospectively the occurrence and severity of symptoms (worry-
ing, lack of energy, numbness/tingling, nausea, and pain) at mul-
tiple time points during two chemotherapy cycles, and at 3 and
6 months; (2) to investigate the differences in symptom trajecto-
ries between the chemotherapy groups (patients receiving 5FU,
irinotecan/5FU, or oxaliplatin/5FU); and (3) to determine

whether selected demographic and clinical characteristics are as-
sociated with symptom severity during the chemotherapy
trajectory.

Methods

Study procedures

The present study is part of a larger longitudinal study of symp-
tom clusters and quality of life (QoL) in oncology patients (N =
534) (Clinicaltrials.gov, NCT00769301) [3, 26]. Patients with
CRC who were scheduled to receive outpatient chemotherapy
at Oslo University Hospital were included in the present study
(n= 120). Eligible patients received information about the study
from the research nurse, and informed consent was obtained
from all participants.

The patients completed the self-assessment question-
naires before chemotherapy (T1), after 3 (T2) and 7 days
(T3), and before the second chemotherapy cycle (T4), after
3 (T5) and 7 days (T6), at 3 (T7) and 6 months (T8)
(Fig. 1). The enrolment questionnaires were completed be-
fore initiation of the first chemotherapy cycle, and ques-
tionnaires for the next five measurements were given to the
patients. For the last two measurements, the questionnaires
were sent to the patients’ home address along with an ad-
dressed, stamped return envelope. The study nurse
telephoned the patients at T2–T6 to remind them to com-
plete the questionnaires.

Patients

Patients were eligible for inclusion if they were ≥ 18 years of
age, scheduled to start a new chemotherapy regimen for CRC,
and were able to read and write Norwegian. Patients with
brain metastases or diseases affecting their cognitive ability
were excluded.

Data collection

Demographic and clinical characteristics

The patients completed a questionnaire on demography includ-
ing age, sex, marital/cohabitation status, care of children, occu-
pation, sick leave, and level of education. Height and weight
were measured and body mass index (BMI) calculated.
Information of disease, stage, and treatment was obtained from
the medical records, and the treatment intent was registered as
either curative or palliative. Information about survival was ob-
tained from the medical records.

Multiple symptoms To measure multiple symptoms, the
Memorial Symptom Assessment Scale (MSAS) was used.
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MSAS contains of 32 physical and psychological cancer or
treatment symptoms and three optional symptoms [27]. For
each symptom, patients were asked to indicate whether they
had the symptom during the past week (i.e., occurrence), and
to rate its frequency, severity, and distress. Symptom severity
(1 = slight, 2 = moderate, 3 = severe, 4 = very severe) were rat-
ed using four-point scales. Only occurrence and severity were
used in the present study. The reliability and validity of the
MSAS are satisfactory [27], and the MSAS has been used
previously in CRC patients [2, 4] and other Norwegian cancer
patients [26].

The symptom selection was based on the following: wor-
rying and lack of energy were the two most occurring symp-
toms previously reported in the current patient group [3],
numbness/tingling and nausea are known side effects of che-
motherapy, and pain is a common and distressing symptom
and often underreported [17, 23]. Symptom severity was only
presented for the five abovementioned symptoms.

Comorbidity

The Self-Administered Comorbidity Questionnaire
(SCQ-19) comprises 16 common and three optional co-
morbidities [28]. The total number of comorbidities reg-
istered (0–19) was used in the analyses. The SCQ-19
has well-established validity and reliability in patients
with cancer [28] and has been used previously to assess
comorbidity in Norwegian cancer patients [26].

Performance status

The performance status was self-assessed using the Karnofsky
Performance Status (KPS) scale with scores ranging from 40
(i.e., disabled, requires special care and assistance) to 100 (i.e.,
normal no complaints, no evidence of disease). The KPS scale
is used extensively and has well-established validity and reli-
ability in cancer patients [29].

Data analysis

Descriptive statistics are used to present the demographic and
clinical characteristics. Continuous variables are described
with median and range, and mean and standard deviation
(SD) (when normally distributed), and categorical data as pro-
portions and percentages.

To analyze possible differences between treatment groups
after adjusting for possible confounders, and using worrying,
lack of energy, numbness/tingling, nausea, and pain as out-
comes, linear mixed models (LMMs) for repeated measures
were fitted. The outcome variable for each of the selected
symptoms on MSAS was constructed as follows: If a patient
reported not having a symptom, the symptom severity was
coded as zero. If the patients rated severity > 0 despite
reporting Bno^ on symptom occurrence, they were coded as
having the symptom. When a patient reported having a symp-
tom and a level of severity, this level was used as a category in
the new combined occurrence/severity variable. Thus, the new
symptom variable score ranged from 0 (no symptom) to 4 (the
highest possible level of severity).

An unstructured covariance matrix was used to model
dependencies among measurements for the same individual
at different time points to accommodate the uneven spacing
between measurements when fitting LMM. Individual differ-
ences at enrolment were accounted for by a random intercept
parameter. To test whether possible confounders affected the
results, the LMMs were adjusted for covariates measured at
enrolment (sex, age, educational level (primary/secondary
school or high school/university), treatment intent (curative
or palliative), primary tumor site (colon or rectum cancer),
type of chemotherapy (three groups), metastatic sites (0 or ≥
1), SCQ score (0 or ≥ 1 comorbidities, and KPS)), and status
as fixed effects. An interaction term between time (measure-
ment time point) and type of chemotherapy (group 1 = 5FU,
group 2 = irinotecan/5FU, and group 3 = oxaliplatin/5FU
(reference)) was added to evaluate whether the symptom *
time trajectories developed differently among the groups.
The covariates were selected based on previous research

Fig. 1 Timeline of data
collection over 6 months’
chemotherapy

Support Care Cancer (2019) 27:3007–3017 3009



and clinical considerations and tested together in the same
model for each symptom.

The LMMprovides estimates using all available data; thus, no
imputation of missing data was considered necessary. The results
are presented as p values for the overall effects of the variables
when taking the time from the inclusion scores and all seven
additional time points into consideration. The results are also
presented as point estimates of the regression parameter beta with
95% confidence interval (CI). Our analyses were considered ex-
ploratory; thus, no correction for multiple testing was made. For
all tests, a two-sided p value < .05 was considered statistically
significant. Analyses were performed using IBM SPSS Statistics
version 23 (Armonk, NY: IBM Corp).

Results

Patient and disease characteristics

A total of 134 patients were approached; 125 provided in-
formed consent and agreed to participate, 120 completed the
enrolment questionnaires and were included in the analyses,
and 88 completed all eight assessments. Their demographic
and clinical characteristics are presented in Table 1. The me-
dian age was 65 years, 39% were women, and 44% were
retired. The median number of comorbidities (SCQ) was 2.0
(range 0–8), most commonly hypertension (31%). Median
BMI was 25 kg/m2 (range 16–38).

Curative chemotherapy was scheduled for 68 (57%) patients
(adjuvant or neoadjuvant) and palliative chemotherapy for 52
(43%) (Table 1). The primary tumor was in the colon for 72%
of the patients and in the rectum for 28%, and liver was the
predominant metastatic site. Patients received 5FUmonotherapy
(17%), irinotecan/5FU combination (23%) or oxaliplatin/5FU
combination (60%) regimens. Three patients received
bevacizumab or cetuximab in combination with irinotecan.

At the last assessment (T8), 47 patients (39%) were alive with
no evidence of disease, 41 (34%) with stable disease, and 21
(18%) with progression of disease. Five (4%) patients had died.
Six patients withdrew consent before the last assessment (T8).

Symptom occurrence during chemotherapy

The occurrence rates at all assessment times for worrying, lack of
energy, numbness/tingling, pain, and nausea are presented in
Table 2. Worrying was the most occurring symptom at enrol-
ment, and lack of energy at 6 months. Lack of energy, numb-
ness/tingling, and nausea showed a peak in occurrence in the
days and week after each chemotherapy administration and low-
er prevalence before start of the next chemotherapy. Worrying
and pain declined in occurrence during the 6-month treatment.
The occurrence rates for all 32 MSAS symptoms at all eight
assessments are shown in Appendix Table 4.

Symptom severity during chemotherapy

When adjusted for selected covariates, the patients reported
the greatest severity of worrying at enrolment and decreased
with time (Table 3; Fig. 2). Lack of energy increased in sever-
ity 3–7 days after each chemotherapy cycle (Table 3, Fig. 2).
Numbness/tingling increased in severity 3–7 days after each
cycle; however, this symptom also increased markedly with
time for oxaliplatin-based chemotherapy (Table 3; Fig. 2).
Nausea was markedly worst on day 3 of each cycle among
the chemotherapy groups (Table 3; Fig. 2). There were no
significant changes in severity scores for pain with time
(Table 3; Fig. 2).

Worrying

In the adjusted analyses, the severity score for worrying did not
differ significantly between the chemotherapy groups, treatments
groups, or according to educational level (Table 3). Women
scored higher on worrying than men (B = 0.35, 95% CI [0.02–
0.68], p = .04). Age was significantly associated with worrying,
with the highest score among the youngest (B =− 0.02, 95% CI
[− 0.04 to– 0.01], p = .04). The patients scored 0.2 points higher
on worrying for each 10-point decrease in KPS score (B = 0.24,
95% CI [0.12–0.34], p < .01).

Lack of energy

In the adjusted analyses, lack of energy did not differ between
the chemotherapy groups (Table 3). Women scored higher on
lack of energy than men (B = 0.30, 95% CI [0.02–0.58],
p = .04). Age was significantly associated with lack of energy,
with the highest score among the youngest (B = − 0.02, 95%
CI [− 0.03 to – 0.01], p = .03). Palliative patients scored sig-
nificantly higher on lack of energy (B = 0.33, 95% CI [0.01–
0.66], p = .05) compared with curative patients. The patients
scored 0.04 points higher on lack of energy for each 10-point
decrease in KPS score (B = .43, 95% CI [0.03–0.05], p < .01).

Numbness/tingling

In the adjusted analyses, patients receiving oxaliplatin scored
significantly higher on numbness/tingling compared with
those receiving 5FU (B = 0.55, 95% CI [0.19–0.90], p < .01)
or irinotecan (B = 0.76, 95% CI [0.43–1.10], p < .01) (Table 3;
Fig. 2). Men scored higher on numbness/tingling compared
with women (B = 0.22, 95% CI [− 0.01–0.44], p = .05).
Numbness/tingling was scored significantly higher in patients
with low educational level (B = 0.26, 95% CI [0.03–0.49],
p = .03).
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Nausea

In the adjusted analyses, the severity of nausea did not differ
significantly between the chemotherapy groups. There was a peak
in severity scores on day 3 after each chemotherapy cycle (Fig. 2).
Women scored significantly higher on nausea comparedwithmen
(B = 0.27, 95% CI [0.05–0.49], p = .02). The patients scored

significantly 0.2 points higher on nausea for each 10-point de-
crease in KPS score (B=0.02, 95% CI [0.01–0.03], p= .01).

Pain

In the adjusted analyses, pain did not differ significantly
between the chemotherapy groups with time (Table 3).

Table 1 Patient and clinical characteristics at enrolment in colorectal cancer patients (n = 120) scheduled to receive chemotherapy

Number Percent Median (range) Mean (SD)

Age, years 64.7 (33–80) 62.8 (10.2)

Sex

Male 73 60.8

Female 47 39.2

Cohabitation

Living alone 38 31.9

Living with someone 81 68.1

Educational level

Primary/secondary 68 58.0

College/university 50 42.0

Occupation

Part-/full-time work 9 8.3

On sick leave 51 47.2

Retired 48 44.4

Treatment intent

Curative 68 56.7

Palliative 52 43.3

Primary tumor site

Colon 86 72.3

Rectum 33 27.7

Previous treatment

Surgery 93 77.5

Chemotherapy 34 28.3

Radiotherapy 18 15.0

Metastasis at enrolment 69 57.5

Metastatic sitesa

Liver 54 45.0

Lung 25 20.8

Lymph nodes 25 20.8

Peritoneum 10 8.3

Other 10 8.3

Type of chemotherapy

5FUb monotherapy 20 16.7

Irinotecan/ 5FU 28 23.3

Oxaliplatin/5FU 72 60.0

Karnofsky Performance Statusb 90 (60–100)

Some frequencies do not account up to full sample size of n = 120 due to missing numbers

5FU fluorouracil, SD standard deviation
aMetastasis could be present at more than one site
b Karnofsky Performance Status range 60 (requires occasional assistance, but able to care for most of his needs)–100 (normal no complaints)
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Palliative patients scored significantly higher on pain
(B = 0.45, 95% CI [0.11–0.79], p = .01) compared with
curative patients. The patients scored 0.3 points signifi-
cantly higher on pain for each 10-point decrease in KPS
score (B = 0.03, 95% CI [0.23–0.45], p < .01).

Clinical characteristics with no significant effect on symptom
trajectories

Cohabitation, marital status, care of children, tumor site (colon
or rectum), number of metastatic sites, and the presence of
comorbidities (SCQ) had no significant effect (p > .05) on
the symptom trajectory for any of the analyzed symptoms
worrying, lack of energy, numbness/tingling, nausea, or pain
(data not shown).

Discussion

This study reports the occurrence and severity of self-reported
physical and psychological co-occurring symptoms at defined
time points during chemotherapy for CRC. The patients reported
the highest symptom severity scores for lack of energy, numbness/
tingling (oxaliplatin group), and nausea in the days following
chemotherapy. Palliative patients reported higher pain scores than
the curative patients with time, whereas the severity of worrying
was reduced with time in all patient groups. Lower performance
status was associated with increased symptom burden.

Symptoms during chemotherapy

Lack of energy, numbness/tingling, and nausea showed in-
creased symptom severity in the days and week after each

Table 3 The effect of the covariates on five selected symptoms (n = 120) measured at enrolment

Source/covariates Dependent variables

Worrying Lack of energy Numbness/tingling Nausea Pain

F p value F p value F p value F p value F p value

Time 2.32 .03 3.83 <.01 7.22 < .01 3.74 < .01 1.30 .26

Chemotherapy group a 0.06 .94 1.54 .22 12.60 < .01 0.71 .49 1.71 .19

Treatment intent b 1.43 .24 4.06 < .05* 0.29 .59 3.01 .09 6.84 .01

Age 4.36 .04 4.60 .03 1.18 .28 0.98 .33 0.11 .74

Sex c 4.53 .04 4.55 .04 3.93 .05 5.99 .02 0.27 .61

Performance status (KPS) 14.97 < .01 67.79 < .01 1.71 .19 17.84 < .01 37.49 < .01

Education group d 0.01 .95 0.33 .57 5.14 .03 0.61 .44 0.37 .55

Time × chemotherapy group 0.65 .81 1.61 .09 3.90 < .01 1.18 .31 1.17 .31

italics = p < .05

F F-test

*p value = .04
a Chemotherapy group = fluorouracil (5FU) monotherapy, irinotecan/5FU, oxaliplatin/5FU (reference)
b Treatment intent = curative or palliative (reference)
cMen as reference; education group
d Primary/secondary (reference) and college/university

Table 2 Occurrence rates for the five selected symptoms at each assessment point

Assessment time Study population (n) T1 120 T2 116 T3 112 T4 110 T5 108 T6 103 T7 98 T8 88

Symptoms % % % % % % % %

Worrying 65.0 55.8 52.5 47.5 49.2 48.3 35.8 35.8

Lack of energy 59.2 71.7 65.8 60.8 65.0 63.3 64.2 53.3

Numbness/tingling 22.5 40.8 35.0 30.8 45.8 46.7 43.3 48.3

Nausea 28.3 61.7 52.5 35.8 51.7 54.2 43.3 29.2

Pain 50.8 49.2 45.0 37.5 35.8 35.0 34.2 33.3

T1 = at enrolment before chemotherapy; T2 = 3 days after chemotherapy; T3 = 7 days after chemotherapy; T4 = at second cycle before chemotherapy;
T5 = 3 days after 2nd chemotherapy; T6 = 7 days after 2nd chemotherapy; T7 = 3 months after enrolment; T8 = 6 months after enrolment
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Fig. 2 Graphs presented for each symptom: Worrying, lack of energy, numbness/tingling, nausea, and pain (adjusted for time, chemotherapy groups,
treatment intent, age, sex, KPS, educational groups)



chemotherapy administration, followed by a decrease in se-
verity toward the start of the next cycle (Fig. 2).

A progressive worsening of lack of energy with time is
supported in previous studies with cancer patients [7] as well
as for CRC patients [22]. Lack of energy, a proxy for fatigue
on the MSAS [4], is one of the most frequent [2, 3, 14, 17, 20,
22] and severe reported symptoms by CRC patients [2, 3, 14].
Fatigue occurs during all treatment phases and is often more
prominent as the disease worsens [20] with negative impact
on QoL [30]. Reducing symptoms that interact with fatigue
[14, 20, 22, 31] might help to alleviate fatigue. Despite limited
evidence supporting the use of pharmacological agents to treat
fatigue, physical activity has been shown to have a positive
effect [20].

Numbness/tingling worsened significantly with time in pa-
tients receiving oxaliplatin in the present study. Cumulative
neuropathy is a well-known side effect of oxaliplatin [14–16]
may cause pain [23], chronic neuropathy, and impaired QoL
[15]. Awareness of neuropathy is important in order to make
the necessary dose reductions. The increased severity levels of
nausea 3 and 7 days after chemotherapy administration were
unexpected and raises the question whether adequate anti-
emetic regimens were prescribed, in particular for late-onset
nausea. Recent guidel ines for the prevent ion of
chemotherapy-induced nausea [32] recommend a regimen
with serotonin receptor antagonists and corticosteroids for
2–3 days, which was the institutional practice. In a European
multicenter study, 45% of the cancer patients were inadequate-
ly treated for nausea [33]. In another study including metasta-
tic CRC patients, > 10% reported moderate to severe nausea
[14]. Nausea is one of the most distressing chemotherapy side
effects [32], and nausea occurrence rates > 50% was found at
multiple time point during the treatment in the present study
(Table 2). Systematic symptom assessment at multiple time
points may aid clinicians to offer improved supportive care at
the right time to these patients.

Anxiety is suggested to be a proxy for worrying [34].
Worrying became less severe as the time from enrolment
progressed. This is consistent with previous research in CRC
patients with the highest anxiety scores found in the early treat-
ment phase [2, 3, 25], with gradual decrease over time [25]. An
adaption to the situation or social and psychological support
might reduce the anxiety levels [25].

No significant differences were found for pain with
time. One might speculate that regular chemotherapy ad-
ministration facilitates adequate analgesic treatment. In
addition, the efficacy of chemotherapy in metastatic dis-
ease can result in less pain from metastatic lesions be-
cause of tumor shrinkage [27]. However, the pain occur-
rence rates were high at enrolment (51%) [35]. The fluc-
tuations in symptom severity highlight the importance of
regular self-reported symptom assessment [7, 18, 36] with
correct timing and duration of assessments to capture the

true symptom burden in outpatients with CRC [6, 8].
Symptoms often occur simultaneously [3, 21, 34] and
are likely to catalyze each other resulting in a vicious
circle of symptoms [5]. Symptom assessment may even
be beneficial in terms of increased survival [36].

Differences in symptoms between chemotherapy
groups

Patients receiving 5FU monotherapy reported less severe
symptom scores than patients receiving combination chemo-
therapy regimens. As expected, we found a significant in-
crease in the severity of numbness/tingling in patients receiv-
ing oxaliplatin. Oxaliplatin are shown to cause peripheral neu-
ropathy shortly after chemotherapy and increases with cumu-
lative doses [10, 14].

Demographic and clinical characteristics associated
with symptom severity

Severity scores for lack of energy and pain was higher in
palliative compared with curative patients. More severe
disease, higher disease burden, and the presence of me-
tastases [23] among palliative patients might be one ex-
planation. Being younger and female was associated with
more severe worrying, lack of energy, and nausea. In ad-
dition, lower performance status was associated with
higher severity scores in most of the analyzed symptoms
and combined with multiple symptoms shown to be a
predictor for hospitalization [8].

Limitations and strength

The study has some limitations. There was no Btrue^
baseline because some patients had received previous che-
motherapy. Comorbidity was patient-reported. Advanced
stratification analyses were not performed due to the lim-
ited number of patients, although the number of patients
was considered adequate for the exploratory study design.
The patient sample was restricted to CRC outpatients, and
these results might not be generalizable to other cancer
types or treatments.

The strengths of the present study include the use of reli-
able, validated, and multidimensional PROMs completed at
multiple defined time points during the treatment, which en-
abled a comprehensive symptom severity assessment.

Conclusion

In this study, we explored symptoms at several time
points during chemotherapy cycles. We found highest
symptom severity in the days following chemotherapy
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administration, in particular lack of energy, nausea, and
numbness/tingling for patients receiving oxaliplatin.
Clinicians can use this knowledge of symptom fluctua-
tions to offer improved symptom management at the right
time. Covariates like age, sex, performance status, educa-
tional level, and type of chemotherapy were associated
with symptom severity. Therefore, we recommend using
PROMs in routine oncology practice to capture the chang-
es in symptom burden [12, 13] and to ensure the day-to-
day symptom control in outpatients.
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Appendix A

Table 4 Occurrence rates of 32
symptoms from the memorial
symptom assessment scale
(MSAS) in the total study
population (n = 120) over
6 month treatment trajectory

Assessment time study
population (n)

T1
120

T2
116

T3
112

T4
110

T5
108

T6
103

T7
98

T8
88

MSAS symptom
Worrying 65.0 55.8 52.5 47.5 49.2 48.3 35.8 35.8
Lack of energy 59.2 71.7 65.8 60.8 65.0 63.3 64.2 53.3
Pain 50.8 49.2 45.0 37.5 35.8 35.0 34.2 33.3
Numbness/tingling in hands/feet 22.5 40.8 35.0 30.8 45.8 46.7 43.3 48.3
Nausea 28.3 61.7 52.5 35.8 51.7 54.2 43.3 29.2
Lack of appetite 34.2 49.2 45.8 35.8 40.0 42.5 26.7 25.0
Feeling drowsy 54.2 65.8 58.3 51.7 55.8 56.7 59.2 44.2
Difficulty sleeping 50.0 48.3 47.5 41.7 44.2 40.0 38.3 35.0
Diarrhea 25.0 34.2 37.5 34.2 35.0 36.7 35.0 26.7
Problems with sexual interest 34.2 40.8 35.0 28.3 34.2 31.7 38.3 31.7
Feeling bloated 53.3 55.8 50.0 44.2 49.2 47.5 40.0 39.2
Feeling irritable 20.8 25.8 26.7 21.7 24.2 21.7 18.3 18.3
Sweats 30.8 35.8 26.7 25.0 27.5 20.0 25.8 21.7
Difficulty concentrating 37.5 44.2 45.8 37.5 40.0 41.7 37.5 35.8
Constipation 22.5 38.3 33.3 27.5 35.0 32.5 27.5 24.2
Problems with urination 12.5 17.5 13.3 11.7 12.5 13.3 9.2 10.8
Feeling sad 41.7 49.2 45.0 34.2 40.8 37.5 36.7 25.0
Dry mouth 33.3 41.7 40.8 40.8 38.3 43.3 43.3 35.0
Feeling nervous 42.5 38.3 33.3 30.8 30.0 31.7 20.8 22.5
Cough 23.3 31.7 30.0 30.0 21.7 26.7 22.5 16.7
Itching 19.2 20.8 15.0 19.2 17.5 20.8 11.7 15.0
Shortness of breath 21.7 27.5 27.5 21.7 25.8 26.7 28.3 21.7
Dizziness 20.8 32.5 28.3 23.3 28.3 27.5 27.5 24.2
Weight loss 25.8 30.0 30.0 25.8 26.7 30.0 14.2 18.3
Food tastes different 18.3 32.5 32.5 23.3 35.8 41.7 35.8 29.2
Changes in skin 14.2 16.7 15.8 17.5 21.7 24.2 22.5 22.5
BI do not look like myself^ 10.0 15.8 14.2 15.0 21.7 17.5 17.5 14.2
Swelling of arms or legs 8.3 7.5 8.3 5.8 9.2 9.2 9.2 7.5
Mouth sores 4.2 12.5 17.5 16.7 19.2 26.7 15.8 15.8
Vomiting 7.5 12.5 10.0 8.3 19.2 17.5 14.2 6.0
Hair loss 10.0 6.7 8.3 11.7 13.3 16.7 26.7 21.7
Difficulty swallowing 5.0 15.0 12.5 10.0 15.8 14.2 13.3 6.7

T1 = At enrolment before chemotherapy; T2 = 3 days after chemotherapy; T3 = 7 days after chemotherapy; T4 =
at second cycle before chemotherapy; T5 = 3 days after 2nd chemotherapy; T6 = 7 days after 2nd chemotherapy;
T7 = 3 months after enrolment; T8 = 6 months after enrolment

Support Care Cancer (2019) 27:3007–3017 3015



Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A
(2015) Global cancer statistics, 2012. CA Cancer J Clin 65(2):87–
108

2. Pettersson G, Bertero C, Unosson M, Borjeson S (2014) Symptom
prevalence, frequency, severity, and distress during chemotherapy
for patients with colorectal cancer. Support Care Cancer 22(5):
1171–1179

3. Rohrl K, Guren MG, Miaskowski C, Cooper BA, Diep LM,
Rustoen T (2016) No differences in symptom burden between co-
lorectal Cancer patients receiving curative versus palliative chemo-
therapy. J Pain Symptom Manag 52(4):539–547

4. Tantoy IY, Cooper BA, Dhruva A et al (2018) Changes in the
occurrence, severity, and distress of symptoms in patients with gas-
trointestinal cancers receiving chemotherapy. J Pain Symptom
Manag 55(3):808–834

5. Lee SE, Vincent C, Finnegan L (2017) An analysis and evaluation
of the theory of unpleasant symptoms. ANS Adv Nurs Sci 40(1):
E16–E39

6. Kristensen A, Solheim TS, Amundsen T et al (2017) Measurement
of health-related quality of life during chemotherapy—the impor-
tance of timing. Acta Oncol 56(5):737–745

7. Giesinger JM, Wintner LM, Zabernigg A, Gamper EM,
Oberguggenberger AS, Sztankay MJ, Kemmler G, Holzner B
(2014) Assessing quality of life on the day of chemotherapy ad-
ministration underestimates patients’ true symptom burden. BMC
Cancer 14:758

8. Foltran L, Aprile G, Pisa FE, Ermacora P, Pella N, Iaiza E, Poletto
E, Lutrino SE,MazzerM, GiovannoniM, Cardellino GG, Puglisi F,
Fasola G (2014) Risk of unplanned visits for colorectal cancer
outpatients receiving chemotherapy: a case-crossover study.
Support Care Cancer 22(9):2527–2533

9. Andre T, de Gramont A, Vernerey D et al (2015) Adjuvant fluoro-
uracil, leucovorin, and oxaliplatin in stage II to III colon cancer:
updated 10-year survival and outcomes according to BRAF muta-
tion and mismatch repair status of theMOSAIC study. J Clin Oncol
33(35):4176–4187

10. Schmoll HJ, Van Cutsem E, Stein A et al (2012) ESMO consensus
guidelines for management of patients with colon and rectal cancer.
A personalized approach to clinical decision making. Ann Oncol
23(10):2479–2516

11. Van Cutsem E, Cervantes A, AdamR et al (2016) ESMO consensus
guidelines for the management of patients with metastatic colorectal
cancer. Ann Oncol 27(8):1386–1422

12. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P,
Rogak L, Bennett AV, DueckAC, Atkinson TM,Chou JF, Dulko D,
Sit L, Barz A, Novotny P, Fruscione M, Sloan JA, Schrag D (2016)
Symptom monitoring with patient-reported outcomes during rou-
tine cancer treatment: a randomized controlled trial. J Clin Oncol
34(6):557–565

13. Gensheimer SG, Wu AW, Snyder CF, Group P-EUGS, Group P-
EUGW (2018) Oh, the places we’ll go: patient-reported outcomes
and electronic health records. Patient 11:591–598. https://doi.org/
10.1007/s40271-018-0321-9

14. Cleeland CS, Zhao F, Chang VT, Sloan JA, O'Mara AM, Gilman
PB, Weiss M, Mendoza TR, Lee JW, Fisch MJ (2013) The symp-
tom burden of cancer: evidence for a core set of cancer-related and
treatment-related symptoms from the Eastern Cooperative
Oncology Group Symptom Outcomes and Practice Patterns study.
Cancer 119(24):4333–4340

15. Ventzel L, Jensen AB, Jensen AR, Jensen TS, Finnerup NB (2016)
Chemotherapy-induced pain and neuropathy: a prospective study in
patients treated with adjuvant oxaliplatin or docetaxel. Pain 157(3):
560–568

16. Seretny M, Currie GL, Sena ES, Ramnarine S, Grant R, MacLeod
MR, Colvin LA, Fallon M (2014) Incidence, prevalence, and pre-
dictors of chemotherapy-induced peripheral neuropathy: a system-
atic review and meta-analysis. Pain 155(12):2461–2470

17. Walling AM, Weeks JC, Kahn KL, Tisnado D, Keating NL, Dy
SM, Arora NK, Mack JW, Pantoja PM, Malin JL (2015)
Symptom prevalence in lung and colorectal cancer patients. J Pain
Symptom Manag 49(2):192–202

18. Walker MS, Pharm EY, Kerr J, Yim YM, Stepanski EJ,
Schwartzberg LS (2012) Symptom burden & quality of life among
patients receiving second-line treatment of metastatic colorectal
cancer. BMC Res Notes 5:314

19. Vardy JL, Dhillon HM, Pond GR, Rourke SB, Bekele T, Renton C,
Dodd A, Zhang H, Beale P, Clarke S, Tannock IF (2015) Cognitive
function in patients with colorectal cancer who do and do not re-
ceive chemotherapy: a prospective, longitudinal, controlled study. J
Clin Oncol 33(34):4085–4092

20. Berger AM, Mitchell SA, Jacobsen PB, Pirl WF (2015) Screening,
evaluation, and management of cancer-related fatigue: ready for
implementation to practice? CA Cancer J Clin 65(3):190–211

21. Tantoy IY, Cataldo JK, Aouizerat BE, Dhruva A, Miaskowski C
(2016) A review of the literature on multiple co-occurring symp-
toms in patients with colorectal cancer who received chemotherapy
alone or chemotherapy with targeted therapies. Cancer Nurs 39(6):
437–445

22. Berger AM, Grem JL, Visovsky C, Marunda HA, Yurkovich JM
(2010) Fatigue and other variables during adjuvant chemotherapy
for colon and rectal cancer. Oncol Nurs Forum 37(6):E359–E369

23. Ripamonti C, Santini D, Maranzano E, Berti M, Roila F, Group
EGW (2012) Management of cancer pain: ESMO clinical practice
guidelines. Ann Oncol 23(Suppl 7):vii139–vii154

24. Hilarius DL, Kloeg PH, van der Wall E, van den Heuvel JJ, Gundy
CM, Aaronson NK (2012) Chemotherapy-induced nausea and
vomiting in daily clinical practice: a community hospital-based
study. Support Care Cancer 20(1):107–117

25. Schneider A, Kotronoulas G, Papadopoulou C, McCann L, Miller
M, McBride J, Polly Z, Bettles S, Whitehouse A, Kearney N,
Maguire R (2016) Trajectories and predictors of state and trait anx-
iety in patients receiving chemotherapy for breast and colorectal
cancer: results from a longitudinal study. Eur J Oncol Nurs 24:1–7

26. Astrup GL, Hofso K, Bjordal K et al (2017) Patient factors and
quality of life outcomes differ among four subgroups of oncology
patients based on symptom occurrence. Acta Oncol 56(3):462–470

27. Portenoy RK, Thaler HT, Kornblith AB, Lepore JM, Friedlander-
Klar H, Kiyasu E, Sobel K, Coyle N, Kemeny N, Norton L (1994)
The memorial symptom assessment scale: an instrument for the
evaluation of symptom prevalence, characteristics and distress.
Eur J Cancer 30A(9):1326–1336

28. Sangha O, Stucki G, Liang MH, Fossel AH, Katz JN (2003) The
self-administered comorbidity questionnaire: a new method to as-
sess comorbidity for clinical and health services research. Arthritis
Rheum 49(2):156–163

29. Schag CC, Heinrich RL, Ganz PA (1984) Karnofsky performance
status revisited: reliability, validity, and guidelines. J Clin Oncol
2(3):187–193

30. Brandenbarg D, Korsten J, Berger MY, Berendsen AJ (2018) The
effect of physical activity on fatigue among survivors of colorectal
cancer: a systematic review and meta-analysis. Support Care
Cancer 26(2):393–403

31. Agasi-Idenburg SC, Thong MS, Punt CJ, Stuiver MM, Aaronson
NK (2017) Comparison of symptom clusters associated with

3016 Support Care Cancer (2019) 27:3007–3017

https://doi.org/10.1007/s40271-018-0321-9
https://doi.org/10.1007/s40271-018-0321-9


fatigue in older and younger survivors of colorectal cancer. Support
Care Cancer 25(2):625–632

32. Roila F, Molassiotis A, Herrstedt J, Aapro M, Gralla RJ, Bruera E,
Clark-Snow RA, Dupuis LL, Einhorn LH, Feyer P, Hesketh PJ,
Jordan K, Olver I, Rapoport BL, Roscoe J, Ruhlmann CH, Walsh
D,Warr D, van derWeteringM, participants of theMASCC/ESMO
Consensus Conference Copenhagen 2015 (2016) 2016 MASCC
and ESMO guideline update for the prevention of chemotherapy-
and radiotherapy-induced nausea and vomiting and of nausea and
vomiting in advanced cancer patients. Ann Oncol 27(suppl 5):
v119–v133

33. Laugsand EA, Jakobsen G, Kaasa S, Klepstad P (2011) Inadequate
symptom control in advanced cancer patients across Europe.
Support Care Cancer 19(12):2005–2014

34. Hofso K, Rustoen T, Cooper BA, Bjordal K, Miaskowski C (2013)
Changes over time in occurrence, severity, and distress of common
symptoms during and after radiation therapy for breast cancer. J
Pain Symptom Manag 45(6):980–1006

35. Gibson S, McConigley R (2016) Unplanned oncology admissions
within 14 days of non-surgical discharge: a retrospective study.
Support Care Cancer 24(1):311–317

36. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C,
Schrag D (2017) Overall survival results of a trial assessing
patient-reported outcomes for symptom monitoring during routine
cancer treatment. JAMA 318:197–198

Support Care Cancer (2019) 27:3007–3017 3017


	Symptoms during chemotherapy in colorectal cancer patients
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study procedures
	Patients
	Data collection
	Demographic and clinical characteristics
	Comorbidity
	Performance status

	Data analysis

	Results
	Patient and disease characteristics
	Symptom occurrence during chemotherapy
	Symptom severity during chemotherapy
	Worrying
	Lack of energy
	Numbness/tingling
	Nausea
	Pain
	Clinical characteristics with no significant effect on symptom trajectories


	Discussion
	Symptoms during chemotherapy
	Differences in symptoms between chemotherapy groups
	Demographic and clinical characteristics associated with symptom severity
	Limitations and strength


	Conclusion
	Appendix A
	References


