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ABSTRACT

Background. Long-term colon cancer survivors present het-
erogeneous health-related quality of life (HRQOL) outcomes.
We determined unobserved subgroups (classes) of survivors
with similar HRQOL patterns and investigated their stability
over time and the association of clinical covariates with these
classes.
Materials and Methods. Data from the population-based
PROFILES registry were used. Included were survivors with
nonmetastatic (TNM stage I–III) colon cancer (n = 1,489).
HRQOL was assessed with the Dutch translation of the
European Organisation for Research and Treatment of Can-
cer Quality of Life Questionnaire C30 version 3.0. Based on
survivors’ HRQOL, latent class analysis (LCA) was used to
identify unobserved classes of survivors. Moreover, latent
transition analysis (LTA) was used to investigate changes in
class membership over time. Furthermore, the effect of

covariates on class membership was assessed using multi-
nomial logistic regression.
Results. LCA identified five classes at baseline: class 1, excellent
HRQOL (n = 555, 37.3%); class 2, good HRQOL with prevalence
of insomnia (n = 464, 31.2%); class 3, moderate HRQOL with
prevalence of fatigue (n = 213, 14.3%); class 4, good HRQOL with
physical limitations (n = 134, 9.0%); and class 5, poor HRQOL
(n = 123, 8.3%). All classes were stable with high self-transition
probabilities. Longer time since the diagnosis, no comorbid condi-
tions, and male sex were associated with class 1, whereas older
age was associated with class 4. Clinical covariates were not asso-
ciated with class membership.
Conclusion. The identified classes are characterized by dis-
tinct patterns of HRQOL and can support patient-centered
care. LCA and LTA are powerful tools for investigating HRQOL
in cancer survivors. The Oncologist 2021;26:e492–e499

Implications for Practice: Long-term colon cancer survivors show great heterogeneity in their health-related quality of life.
This study identified five distinct clusters of survivors with similar patterns of health-related quality of life and showed that
these clusters remain stable over time. It was also shown that these clusters do not significantly differ in tumor characteris-
tics or received treatment. Cluster membership of long-term survivors can be identified by sociodemographic characteristics
but is not predetermined by diagnosis and treatment.
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INTRODUCTION

Many cancer survivors struggle with long-term symptoms
or diminished physical or psychosocial functioning that neg-
atively affects their health-related quality of life (HRQOL).
For instance, colon cancer survivors can experience nerve
pain and fatigue that affect their psychological health and
social roles during everyday life, primarily because of persis-
tent side effects of the treatment [1, 2]. Cancer survivorship
research has made substantial progress, specifically on the
immediate and late effects of cancer and its treatment
[1, 3, 4]. Long-term follow-up and registry studies on health
status and HRQOL based on an individual’s self-reported
well-being (e.g., the European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire
[EORTC QLQ] C30) [5] have collected a vast amount of data
to understand the outcomes and risks of new and existing
treatments [6–8]. This is of crucial importance because the
number of patients with a cancer diagnosis who will survive
for 10 years or more is growing because of an aging popula-
tion and ongoing advances in screening, diagnosis, and
treatment [9, 10]. Understanding HRQOL is pivotal to health
care professionals and patients in deciding on treatments at
the time of diagnosis.

HRQOL in patients with and survivors of colon cancer is
well studied. However, the majority of studies have only
investigated specific aspects of HRQOL (such as
chemotherapy-induced neuropathy [2, 11] and fatigue [12])
or modeled the subdomains of common HRQOL instru-
ments separately by testing differences in means or using
regression models [13–17]. Other studies have combined
these subdomains into a single HRQOL score [18]. However,
using such methods is problematic as cancer survivors pre-
sent vast heterogeneity in their HRQOL [19, 20]. For exam-
ple, some survivors might maintain optimal physical
functioning after treatment but suffer from declined emo-
tional well-being, whereas other survivors might experience
fatigue or dyspnea. This heterogeneity is not reflected in an
overall HRQOL score and cannot be adequately modeled
when investigating subdomains separately, as information
about the relation of these scales will be lost [21].
Pioneering work on this topic has been done by Kenzik
et al. [19] and Pinheiro et al. [20] using latent class analysis
(LCA) [22, 23] to investigate heterogeneity in HRQOL of lung
and breast cancer survivors. This clustering approach allows
modeling HRQOL by identifying unobservable classes of sur-
vivors with similar HRQOL patterns [23]. Because many
aspects of HRQOL are long lasting or develop years after
the treatment [7, 11], investigating heterogeneity in HRQOL
for long-term survivors is particularly important. However,
to what extent heterogeneity influences our understanding
of HRQOL in long-term colon cancer survivors remains
unknown. For instance, symptoms caused by treatment
might be mitigated after many years, whereas limitations in
functioning might still be prevalent or even increase with
aging.

The aim of this study was to investigate heterogeneity
and stability in HRQOL for a cohort of long-term colon can-
cer survivors. We used three-step LCA [24] (an extension of
traditional LCA) to obtain unbiased estimates of the effects

of covariates on the classification into the latent HRQOL
classes. Furthermore, we used latent transition analysis
(LTA) [23, 25] to investigate if survivors transitioned
between classes at follow-up.

MATERIALS AND METHODS

Data
Data collection was performed within the PROFILES
(Patient-Reported Outcomes Following Initial Treatment
and Long-Term Evaluation of Survivorship) Registry [6]. This
large dynamic population-based registry was set up to
investigate the physical and psychosocial impact of cancer
and its treatment and is continuously updated. Currently, it
contains patient-reported outcomes data of over 25,000
cancer survivors with various tumors. PROFILES data are
directly linked to the population-based Netherlands Cancer
Registry (NCR) [26]. The NCR routinely collects information
of all patients in The Netherlands, such as date of diagnosis,
tumor characteristics, clinical stage, and treatment.

For this study, data of 1,489 survivors were used from
the 2010 PROFILES colorectal cancer survey. Data collection
was described in more detail previously [2]. In summary,
the first wave of data collection started in December 2010.
Additionally, there were three follow-up waves in yearly
intervals, of which two were used for this analysis. Initially,
3,875 survivors diagnosed with colorectal cancer between
2000 and 2009 (as recorded in the NCR) from the southern
region of The Netherlands were invited for participation.
Survivors who already participated in an earlier study and
who had an unverifiable address, cognitive impairment, or
died before the start of the study were excluded [2]. Fur-
thermore, nonrespondents (n = 1,250), survivors diagnosed
with rectal cancer (n = 1,020), with a neuroendocrine tumor
or a tumor in the appendix (n = 19), and those not treated
with curative intent (i.e., survivors with metastatic cancer
[n = 97]) were excluded. This resulted in a final sample of
1,489 colon cancer survivors at the first measurement occa-
sion (Fig. 1).

Measures

Sociodemographic and Clinical Characteristics
Survivors’ age, sex, and clinical information about the diag-
nosis were obtained from the NCR. A survivor’s vital status
was obtained from the civil municipality registers. Com-
orbidities at time of the study were assessed with the
adapted Self-Administered Comorbidity Questionnaire [27].
These include heart condition, stroke, high blood pressure,
chronic obstructive pulmonary disease, diabetes, peptic
ulcer disease, kidney disease, liver disease, anemia, thyroid
disease, depression, arthritis, backache, and rheumatism.
This information was updated at each follow-up wave.
Socioeconomic status was determined by an indicator
developed by Statistics Netherlands, which is based on
aggregated individual fiscal data on the economic value of
the home and household income. This indicator was esti-
mated based on a sample of, on average, 17 households for
each postal code [28]. Socioeconomic status for the
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survivors in this study was determined by linking this infor-
mation to the NCR based on the postal code at the time of
diagnosis.

HRQOL
HRQOL was assessed with the Dutch translation of the EORTC
QLQ-C30 (version 3.0) [29]. This questionnaire contains five
functional scales on physical, role, cognitive, emotional, and
social functioning; a global health status/quality of life scale;
three symptoms scales on fatigue, nausea and vomiting, and
pain; and six single items assessing dyspnea, insomnia, loss of
appetite, constipation, diarrhea, and financial impact. Most of
the functioning and symptom scales consist of two items that
range from 1 (not at all) to 4 (very much), except for the
global quality of life scale, which ranges from 1 (very poor) to
7 (excellent) [30]. For the estimation of the LCA and LTA
models, all scales were treated as ordinal measures. For com-
parison with previous literature, results of the LCA were then
mapped on a scale with a range of 0 to 100.

Statistical Analysis
Sociodemographic and clinical sample characteristics were
quantified using descriptive statistics. LCA was used to iden-
tify clusters of survivors with similar response patterns on
the EORTC QLQ-C30 scales and single items. LCA is a model-
based unsupervised clustering technique that classifies
individuals into unobserved classes based on probability.
That is, for each survivor, a posterior class membership

probability is estimated based on the individual response
pattern at the first time point and the class for which this
probability is highest is assigned. Furthermore, a cross-
sectional multinomial logistic (MNL) regression model was

Figure 1. Inclusion criteria of the data used in the present
study.
Abbreviation: NET, neuroendocrine tumor.

Table 1. Demographic and clinical characteristics at baseline

Characteristic n (%)

Total 1,489

Age

Mean � SD, years 70.5 � 9.2

Missing 0 (0)

Sex

Male 778 (52)

Female 709 (48)

Missing 2 (0)

Socioeconomic status

Low 321 (21)

Medium 589 (39)

High 518 (35)

Missing 61 (5)

Time since diagnosis

Mean � SD, years 5.1 � 2.9

Missing 0 (0)

Number of comorbidities

None 329 (22)

1 394 (27)

> 1 678 (46)

Missing 76 (5)

TNM stage

I 365 (24)

II 664 (45)

III 460 (31)

Missing 0 (0)

Differentiation grade

Poorly differentiated 210 (14)

Moderately differentiated 986 (66)

Well differentiated 160 (11)

Missing 133 (9)

Topography

Distal 812 (55)

Proximal 677 (45)

Missing 0 (0)

Histology

Adenocarcinoma 1,287 (87)

Mucinous 198 (13)

Signet ring cell 4 (0)

Missing 0 (0)

Treatment

Surgery only 1,032 (69)

Surgery and chemotherapy 457 (31)

Missing 0 (0)
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used to assess the effect of covariates such as socio-
demographic and clinical patient characteristics on the class
membership. For this step, the three-step correction proce-
dure proposed by Vermunt [24] was used to account for
uncertainty in the class assignment and to prevent biased
MNL regression estimates. The MNL regression model was
restricted to the first time point to prevent a loss in statisti-
cal power because of dropouts at follow-up. To investigate
dynamic changes in class membership at follow-up, transi-
tion probabilities were estimated using LTA. Because of
the beforementioned dropout of participants at follow-up
(Fig. 1), the measurement model of the LTA was estimated
on data from the first measurement occasion only. The clas-
sification rule obtained from this model was then applied to
the observed response patterns at follow-up where classifi-
cations were considered missing values in subsequent
analyses for survivors who dropped out. Based on these
classifications, the transition probabilities over the three
measurement occasions were estimated. LTA is particularly
suited for this situation as missingness at random can be

assumed. A detailed description of three-step LCA and LTA
is provided as supplemental online Appendix 1.

To determine the statistically optimal number of classes,
the number of classes was increased stepwise, and model fit
was evaluated using the Bayesian information criterion, Akaike
information criterion (AIC), AIC3, consistent AIC, and bivariate
residuals. The model with the number of classes that mini-
mized these information criteria was selected using multiple
starting values to avoid local minima. Analyses were performed
in R (version 3.6.0) [31] and Latent GOLD 5.1 [32]. Model syn-
tax for R and Latent GOLD are available on GitHub [33].

RESULTS

Sociodemographic and Clinical Characteristics
In total, 1,489 survivors completed the questionnaire in
2010, 902 (61%) survivors in 2011, and 794 (53%) survivors
in 2012 (Fig. 1). Descriptive statistics of this cohort are pres-
ented in Table 1.

Table 2. Goodness-of-fit indices for one-to-seven–class models at baseline

No. of classes No. of parameters LL BIC AIC AIC3 CAIC

1 45 −16,727.8 33,784.4 33,545.6 33,590.6 33,829.4

2 61 −14,483.5 29,412.6 29,088.9 29,149.9 29,473.6

3 77 −14,097.5 28,757.6 28,349.0 28,426.0 28,834.6

4 93 −13,980.8 28,641.0 28,147.5 28,240.5 28,734.0

5 109 −13,903.3 28,602.9 28,024.5 28,133.5 28,711.9

6 125 −13,858.5 28,630.2 27,966.9 28,091.9 28,755.2

7 141 −13,820.2 28,670.5 27,922.4 28,063.4 28,811.5

The selected model is in bold.
Abbreviations: AIC, Akaike information criterion; BIC, Bayesian information criterion; CAIC, consistent Akaike information criterion; LL, log-likelihood.

Figure 2. Means and confidence intervals of all five health-related quality of life classes for the 15 European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire C30 dimensions. The symptom and single item scales were reversed.
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HRQOL
For the first measurement occasion, a five-class solution
was identified (Table 2).

The classes were characterized as follows.
Class 1: Excellent HRQOL (n = 555, 37.3%); very high prob-

abilities for the highest scores on all 15 EORTC QLQ-C30
dimensions. This class exceeds average HRQOL scores of the
Dutch normative population matched for age and gender [34].

Class 2: Good HRQOL with prevalence of insomnia
(n = 471, 31.6%); very high probabilities for high scores on
the EORTC QLQ-C30 symptom scales and slightly lower
scores on the functioning scales. Survivors of this class are
more likely to experience insomnia than survivors with
comparable overall HRQOL.

Class 3: Moderate HRQOL with limitations in the func-
tioning scales and fatigue (n = 209, 14.0%); high probabili-
ties for moderate to good scores on most symptom scales
and high probabilities for moderate scores on the function-
ing scales with prevalence of fatigue.

Class 4: Good HRQOL with physical limitations (n = 133,
8.9%); very high probabilities for the highest scores on emo-
tional, cognitive, social functioning, and most symptom
items but significantly lower scores on physical functioning,
role functioning, fatigue, pain, and dyspnea.

Class 5: Poor HRQOL with severe limitations (n = 121,
8.1%); high probabilities for moderate scores on most
symptom scales and low scores on the functioning scales.
High probabilities for severe limitations in role functioning,
social functioning, and fatigue.

Figure 2 shows the class-specific means and their confi-
dence intervals for each dimension of the EORTC QLQ-C30
measure. Table 3 presents the exact values for these means
with reference values for an age-matched norm-population
[34] and indicates clinically relevant differences [35].

Male survivors were more likely than female survivors
to be classified into class 1. Furthermore, the probability of
being classified into class 1 increased with time passed
between receiving the diagnosis and completing the ques-
tionnaire, whereas older survivors were more likely to be
classified in class 4. A strong effect can be observed for the
prevalence of comorbid conditions: with more than one
comorbidity, the probability of poorer HRQOL outcome clas-
ses increases substantially. Clinical tumor characteristics
and the indicator for receiving chemotherapy did not yield
significant effects on class membership (Table 4).

Results from the LTA indicate that the probabilities of
staying in one class over the three measurement occasions are
high with 86.9% for class 1, greater than 75% for classes 2 and
5, and greater than 65% for classes 3 and 4 (Fig. 3). Further
survivors were more likely to transition into a better HRQOL
outcome class than into a worse HRQOL outcome class.

DISCUSSION

We identified five distinct classes of HRQOL for long-term
colon cancer survivors. The first class was homogenously
characterized by an excellent HRQOL that even exceeded
average HRQOL in the normal population (matched for age
and sex). The narrow confidence intervals around the
means (Fig. 2) show that almost all survivors in this class Ta
b
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answered with the highest score on all dimensions of the
EORTC QLQ-C30. This class was also the most prevalent one
(37%), which suggests an exceptional prognosis for HRQOL
for a large group of patients who survive their disease. Sur-
vivors in this class likely had better than average HRQOL
already before their diagnosis and a good prognosis for

survival, which could explain the high prevalence in this
cohort. Additionally, response shift is a well-documented
phenomenon in cancer survivorship research. Facing a dis-
ease such as cancer might shift a survivor’s view on his or
her own HRQOL. High HRQOL as found in this study might
reflect to some extent changes in one’s internal standards,
changes in importance attributed to specific domains of
HRQOL, or a general redefinition of HRQOL [36].

The composition of class 4 is highly interesting.
Although survivors in this class maintain an excellent emo-
tional and cognitive functioning, they experience severe
limitations in their physical and role functioning, symptoms
of fatigue, insomnia, pain, and dyspnea. Results from the
MNL regression show that older age is a significant predic-
tor for this class. The composition of class 4 also highlights
the advantages of using LCA for analyzing HRQOL out-
comes. A survivor group with such peculiar values of
HRQOL would have been extremely difficult to identify by
analyzing the dimensions of the EORTC QLQ-C30 separately.
Moreover, LCA allows us to identify dimensions of HRQOL
that are important for clinical practice. Generally, it can be
observed that scores on the functioning scales are lower
than on the symptom scales, indicating that the long-term
effects of colon cancer relate to limitations in functioning
rather than prevalence of symptoms. However, although
symptoms of nausea, constipation, diarrhea, and appetite
loss seem to be less relevant for long-term survivors, they

Table 4. Odd ratios and 95% confidence intervals of factors associated with latent classes of health-related quality of life

Covariates
Class 2, OR
(95% CI)

Class 3, OR
(95% CI)

Class 4, OR
(95% CI)

Class 5, OR
(95% CI)

Intercept (ref = class 1) 0.33 (0.06–1.66) 0.38 (0.05–2.73) 0.00 (0.00–0.02)a 0.05 (0.00–0.61)a

Sex (ref = male): Female 1.63 (1.14–2.32)a 2.01 (1.31–3.10)a 1.48 (0.82–2.69) 1.86 (1.13–3.07)a

Age, years 1.00 (0.98–1.02) 0.98 (0.96–1.01) 1.07 (1.02–1.14)a 1.00 (0.96–1.03)

Socioeconomic status (ref = low)

Medium 1.31 (0.80–2.13) 0.82 (0.48–1.39) 0.60 (0.29–1.26) 1.18 (0.62–2.25)

High 0.99 (0.60–1.64) 0.55 (0.31–0.98)a 0.95 (0.47–1.92) 0.96 (0.49–1.89)

No. comorbid conditions (ref = none)

One 1.76 (1.09–2.85)a 1.45 (0.73–2.87) 3.75 (0.82–17.16) 3.09 (1.07–8.89)a

More than one 4.34 (2.67–7.05)a 7.66 (4.20–13.98)a 17.66 (4.27–73.11)a 20.67 (7.72–55.38)a

Time since diagnosis, years 0.92 (0.87–0.98)a 1.00 (0.92–1.07) 0.94 (0.85–1.04) 0.84 (0.77–0.93)a

TNM stage (ref = stage I)

Stage II 1.08 (0.69–1.67) 1.20 (0.66–2.19) 0.98 (0.49–1.95) 0.82 (0.42–1.57)

Stage III 1.48 (0.76–2.91) 2.07 (0.84–5.13) 1.27 (0.44–3.64) 2.11 (0.86–5.19)

Differentiation grade (ref = moderately
differentiated)

Poorly differentiated 0.92 (0.51–1.64) 0.77 (0.39–1.52) 1.67 (0.51–5.41) 1.04 (0.45–2.37)

Well differentiated 0.81 (0.39–1.69) 0.91 (0.40–2.09) 1.59 (0.37–6.78) 1.41 (0.52–3.80)

Topography (ref = distal): Proximal 1.23 (0.84–1.79) 1.26 (0.80–1.98) 0.98 (0.56–1.73) 1.68 (0.98–2.86)

Histology (ref = adenocarcinoma):
Mucinous

1.20 (0.69–2.08) 0.84 (0.42–1.68) 1.41 (0.60–3.28) 1.87 (0.96–3.62)

Treatment (ref = surgery only): Surgery and
adjuvant chemotherapy

0.82 (0.45–1.50) 0.76 (0.33–1.72) 0.56 (0.20–1.52) 0.55 (0.25–1.23)

Odds ratios reported in this table are based on a multinomial logistic regression and therefore adjusted for all other covariates in the model.
Covariates with missing cases (see Table 1) were imputed using mean imputation.
aStatistically significant effects.
Abbreviations: CI, confidence interval; OR, odds ratio.

Figure 3. Transition probabilities between classes from baseline to
follow-up. For example, in this case the probability of transitioning
from class 3 at baseline to class 2 at follow-up is 0.22.
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experience higher levels of fatigue, insomnia, pain, and dys-
pnea, as well as more limitations in role functioning for
almost all classes. This is especially relevant because many
of these symptoms (e.g., pain) can be successfully managed
and should be screened for in subsequent care paths after
initial treatment [37].

Results of the MNL regression and the LTA show that
HRQOL after colon cancer increases with time. Probabilities of
class membership decreased for classes with poorer HRQOL
with increasing time between the diagnosis and filling out the
questionnaire. Furthermore, although the probabilities of
staying in the same class over the two follow-up years were
high and especially high for class 1 with excellent HRQOL,
probabilities for transitioning to better HRQOL classes were
considerably higher than for transitioning to poorer HRQOL
classes. The results from the MNL regression indicate survivor-
ship bias in the data. However, LTA revealed that even for
these long-term survivors HRQOL increases in some cases.
Moreover, the MNL regression model did not identify clinical
predictors for class membership: the type of tumor and receiv-
ing adjuvant chemotherapy had no effect on HRQOL as
assessed with the EORTC QLQ-C30 in long-term colon cancer
survivors. These results support the findings of Kenzik and col-
leagues [19], which indicate that long-term effects in HRQOL
might not be of major concern when choosing treatment.
Although it is important to note that the absence of long-term
effects is conditional on long-term survival, it is valuable infor-
mation at the time of decision making that colon cancer and
its treatment do not affect long-term HRQOL. Furthermore,
comorbid conditions are an important factor for determining
HRQOL, and attention to them needs to have a prominent role
in the follow-up care path of colon cancer survivors.

We believe that this study greatly contributes to the
understanding of HRQOL in long-term colon cancer survivors.
However, there are a couple of shortcomings that are worth
discussing. Patients in our cohort survived on average 5 years
before they filled in the questionnaire for the first time. Survi-
vorship bias limits the generalizability of our results. Addition-
ally, all effects of potential predictors of class membership are
conditional on survival. For example, we do not know if there
is a treatment effect on distinct HRQOL classes close to the
treatment itself. Especially for patients with a poorer progno-
sis, this would be relevant information and therefore limits
our findings. This type of analysis requires a relatively large
number of observations. Although even for less prevalent clas-
ses we had adequate cell counts for all categories of the
covariates, it is possible that weak effects on the class mem-
bership could not be detected.

Because the presented results are based on an observa-
tional study, we propose the use of LCA in randomized con-
trolled trials for consecutive studies to further evaluate the
effect of treatment on HRQOL in cancer survivors.

Additionally, the usability of causal inference techniques in
the context of LCA applied to data such as presented in this
study could be investigated.

CONCLUSION

In this study, we showed that LCA is a powerful method to
investigate HRQOL in cancer survivors taking into account
the multidimensionality of the construct and the heteroge-
neity of the data. Our model allowed us to discriminate five
classes of long-term colon cancer survivors, which composi-
tions yielded a clinically meaningful explanation of HRQOL
in this cohort. Furthermore, we used three-step LCA to cor-
rectly estimate the effect of covariates on class membership
and showed the stability of our class solution over time
using LTA. We found that tumor characteristics and receiv-
ing adjuvant chemotherapy had no effect on class member-
ship in this population of long-term survivors. Although this
poses a limitation for using this information in decision
making, it also suggests that most survivors return to good
or excellent HRQOL after surviving colon cancer.
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