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ABSTRACT
Background: Variations in symptom development among breast cancer (BC) survivors are under-
studied. We examined: (Q1) Symptom trajectories of pain, fatigue, insomnia, breast, and arm symp-
toms in BC survivors, (Q2) possible patterns or cluster-like associations between trajectory classification
of different symptoms, and (Q3) characteristics of survivors assigned to high-burden symptom
trajectories.
Material and methods: Participants were 968 women (mean age ¼ 59.6 years) treated for early-stage
BC and followed across a three-year postoperative period. As part of routine follow-up procedures,
patients reported symptom burden and functioning levels at each hospital visit using the European
Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ-C30)
and the BC-specific module (QLQ-BR-23). Growth mixture modeling (GMM) analysis was used to differ-
entiate potential subgroups of individuals with similar longitudinal symptom patterns, i.e., symptom
trajectories (Q1). With this approach, groups experiencing persistent, highly distressing cancer- and
treatment-related late effects (LEs) may be identified. Latent class analysis (LCA) was used for Q2 and
logistic regression analysis for Q3.
Results: GMM identified two relatively parallel trajectories across the tested symptoms: The majority
of the sample exhibited a low-burden symptom trajectory (74.4–89.2%) and a minority by a high-bur-
den symptom trajectory (10.8–25.6%). LCA revealed that approximately one in five women (18.8%)
were likely to be members of the high-burden symptom trajectory across all tested symptoms. In add-
ition to a high probability of being burdened over time across multiple symptoms, these women were
also characterized by poorer self-reported physical and social functioning.
Conclusion: A substantial minority followed a high-burden symptom trajectory for several years follow-
ing BC treatment. Associations were found in trajectory classification across symptoms, indicating that
cancer-related LEs appear in clusters of multiple concurrent symptoms.
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Background

Breast cancer (BC) is the most common (non-skin) cancer,
accounting for one-quarter of all cancers in women [1]. Due
to improved screening and intensified treatment, the current
nine-year survival rate is 93% in approximately two-thirds of
patients with early-stage BC who are diagnosed with small
cancers without lymph node metastasis [2]. Thus, the num-
ber of BC survivors is increasing [3]. However, improved sur-
vival is often obtained at a cost, as more intensive
treatments may result in persistent symptoms and late
effects (LEs). Despite the high overall quality of life (QoL) in
BC survivors, a range of adverse symptoms have been
reported up to several years after primary diagnosis [4].
Commonly identified LEs include BC treatment-specific phys-
ical symptoms, e.g., impaired arm functioning and breast
fibrosis [2,5,6]. Other more general LEs experienced across

several cancer types include pain, fatigue, and insomnia
[7–10] together with functional and cognitive impairment,
poor body image, and sexual dysfunction [11–13].

Research in LEs most often presents average scores for
entire samples, with longitudinal studies capturing overall
increase or decrease in symptom severity. This approach
may, however, hide the underlying heterogeneity in symp-
toms as they develop over time. In contrast, trajectory ana-
lysis identifying multiple latent subgroups of individuals
presenting similar longitudinal patterns may provide a
deeper understanding of the data [14]. Most available trajec-
tory studies with BC survivors have focused on depression
[15–19] or general psychological distress [20–25]. For func-
tional domains, trajectories have been established for cogni-
tive and sexual functioning [26–28] and more nonspecific
mental and physical functioning [29,30]. The physical symp-
toms investigated include sleep disturbance [31–33], fatigue
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[33–39], and general and breast-specific pain [33,40]. Within
BC trajectory studies, a diverse picture emerges regarding
the number of identified symptom trajectories. For example,
while most studies on fatigue have resulted in the identifica-
tion of two symptom trajectories [34–37], other studies have
identified three to five separate trajectories [33,38,39].
Variations across the literature may reflect different recruit-
ment procedures and sample sizes, different study time-
frames, and different instruments used to assess LEs. Given
how certain subgroups (e.g., younger vs. older patients,
early- vs. late-stage BC) may differ in symptom burden,
underlying differences in study populations may also drive
differences in the number of trajectories. Still, across the
studied outcomes, studies repeatedly demonstrate that a
majority of BC survivors follow a trajectory characterized by
a relatively insignificant degree of LEs (i.e., low symptom bur-
den/high functioning across time), while a substantial minor-
ity express a clinically significant degree of LEs (i.e., high
symptom levels/impaired functioning across time). Such find-
ings illustrate the importance of looking beyond the sample
average when exploring the lasting effects of BC disease
and treatment.

Although existing trajectory studies provide important
insights into distinct symptom courses following BC treat-
ment, the available research primarily focuses on the shorter-
term post-diagnosis or post-treatment period [15,21,31,36].
Few studies included follow-ups beyond the initial two years
post-surgery, limiting our knowledge of the long-term conse-
quences of BC. Moreover, BC trajectory studies generally
examined relatively small samples, thereby restricting the
robustness of the results. Standing out are three US studies
investigating cognitive functioning (n¼ 1280), fatigue
(n¼ 191), and sexual functioning (n¼ 896), respectively, with
5–7-year follow-up, together with a Portuguese study exam-
ining sleep quality over 3 years (n¼ 458) [26,28,32,38]. The
remaining studies relied on 6–24months follow-up and
investigated sample sizes with a median of around 300 par-
ticipants. Lastly, most studies have investigated LEs in isola-
tion, precluding examinations of potential associations across
symptom trajectories. Associations between trajectory classifi-
cation across symptoms may reveal whether certain LEs
occur individually or in clusters of correlated symptom pat-
terns over time.

Given these limitations in existing literature, the present
study extends prior research by investigating data from a
large cohort of BC survivors over a three-year postoperative
period. It is among the first to investigate associations in
symptom burden across different LEs through a trajectory
framework. Our study expands the emerging knowledge on
LE symptom clusters [41,42] while accounting for the symp-
toms’ development over time. From a clinical perspective,
the study aims to identify patients with the highest probabil-
ity of developing persistent LEs, thereby providing vital infor-
mation on how follow-up services may be tailored to
individual needs early following BC treatment.

Specifically, our research aims were to (1) identify possible
symptom trajectories of common LEs through growth mix-
ture modeling (GMM), (2) examine potential associations in

trajectory membership across symptoms, and (3) explore
demographic, clinical, and functional characteristics of indi-
viduals assigned membership to high-burden symptom
trajectories.

Methods

Design

Since 2016, all BC patients receiving routine follow-up care
at the Department of Oncology, Aarhus University Hospital,
Denmark, have been invited to complete a questionnaire
before each planned visit to understand symptoms better
and inform the following consultation with the oncologist.
Patients received a link and instructions on how to access
the online questionnaire via e-mail. The present study uses
data from questionnaires completed between April 2016 and
February 2018.

Depending on the adjuvant BC treatment received (i.e.,
endocrine therapy [ET] only, chemotherapy [CT] only, or
ETþCT), planned visits after primary treatment were:
3weeks, 3months, 6months, 12months, and at yearly inter-
vals after that. Patients who received CT were seen at
3weeks and 3months. Patients who received CT but not ET
were followed until 12months. Adjuvant treatments were
given according to the Danish Breast Cancer Group (DBCG)
guidelines (for a detailed description of treatment modalities,
see Supplementary Document 1).

In the present study, data were grouped into uniform
postoperative 12-month time slots (i.e., time 1,
T1¼ 0–12months; time 2, T2¼ 13–24months; time 3,
T3¼ 25–36months). In cases with multiple observations
within the same time slot (e.g., 3 and 6months post-surgery),
measures were averaged to create a single data point for
each individual. Given the pragmatic nature of data collec-
tion, data organization relied on a floating baseline method-
ology where individual patient data were centered on the
time of surgery. The sample thus includes individuals in their
first, second, and third-year after surgery at the initiation of
data collection (e.g., individuals receiving surgery in early
2016 provided T1–T3 data, while individuals who received
surgery in early 2018 only provided T1 data in the present
dataset). Maximum likelihood estimation was used to adjust
for incomplete data by estimating parameters based on
information contained in the available data. Questionnaires
completed more than three years after surgery were not ana-
lyzed in the present study due to a limited number of
data points.

Study population

Female early-stage BC survivors were included allowing bilat-
eral BC and any histological type. Exclusion criteria were
loco-regional recurrence, metastatic disease, ductal carcin-
oma in situ disease, other malignancy, and never received
breast surgery. Low-risk patients (i.e., �60 years with tumor
�10mm, lymph-node negative, ER-positive, and HER2-nega-
tive) did not receive adjuvant systemic therapy. They were,
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therefore, neither followed at the Department of Oncology
nor invited to complete questionnaires.

Initially, the cohort consisted of 2660 BC survivors. After
excluding individuals with loco-regional, distant recurrent, or
secondary cancer, or not treated according to DBCG guide-
lines (n¼ 271), patients with no follow-up visit within the
first three years after surgery (n¼ 812), and finally, individu-
als who never completed questionnaires (n¼ 609), a total of
968 patients were eligible for analysis. Participants were on
average 59.62 years old (range: 24–88), and most participants
were postmenopausal (72.8%). Given the indicated 12-month
time slots, data included in the GMM analyses were on aver-
age collected at 7.92 (T1), 17.52 (T2), and 29.52 (T3) months
post-surgery, respectively. Table 1 presents further details on
demographic, clinical, functional, and symptomatic
characteristics.

Patient-reported symptom burden and functioning

The questionnaire consisted of the entire European
Organisation for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire (QLQ-C30, version 3) and the
BC-specific module (BR23). The QLQ-C30 includes a measure
of global health, five functional subscales (physical, role,
emotional, social, and cognitive), eight symptom scales
(fatigue, pain, nausea and vomiting, dyspnea, insomnia,
appetite loss, constipation, and diarrhea), and one-item on
cancer-related financial difficulties [43]. The BR23 is a 23-item
measure of functioning (body image, sexual functioning, sex-
ual enjoyment, and future perspective) and symptoms (sys-
temic therapy side effects, breast symptoms, arm symptoms,
and hair loss-related distress) explicitly related to BC treat-
ment [44]. All domains of the EORTC questionnaires were
transformed to 0–100 scales with higher scores on the func-
tional scales indicating better function and higher symptom
scale scores indicating worse symptomatology [43]. The
EORTC questionnaires were supplemented with three items
on neuropathy, arthralgia, and myalgia from the PRO-CTCAE
system [45].

Patient-reported outcomes (PROs) were combined with
data retrieved from the DBCG database and medical records
on adjuvant clinical indicators, patient characteristics, and
specific treatments.

Statistical analyses

To address our first research aim (identification of symptom
trajectories), selected core symptoms in the follow-up setting
after BC treatment from the QLQ-C30 (fatigue, pain, insom-
nia) and the BR23 (breast symptoms, arm symptoms) were
explored in separate growth mixture modeling (GMM) analy-
ses. GMM involves an iterative process of extracting different
subgroups of participants who display the same symptomatic
development over time and evaluating different model fit
indices. The tested models differed on three aspects: (i) num-
ber of classes (with the most parsimonious model, a one-tra-
jectory solution, tested followed by models with an
increasing class count), (ii) time-specific effects (i.e., linear or
quadratic trajectory shape), and (iii) fixed and random param-
eter estimates. Identification of the optimal trajectory solu-
tion with the best data fit included inspection of the
following indices: Akaike Information Criteria (AIC), Bayesian
Information Criteria (BIC), Sample-Size Adjusted BIC (SSA-BIC),
entropy, and Lo-Mendell-Rubin Likelihood Ratio Test (LMR-
LRT). Lower AIC, BIC, and SSA-BIC values, higher entropy, and
significant LMR-LRT indicated improving fit. Final model
selection was based on these fit indices, model parsimony,
and interpretability [14,46]. This approach was repeated sep-
arately for each tested symptom.

Our second aim, uncovering associations in trajectory
membership across symptoms, was addressed using a latent
class analysis (LCA). LCA identifies latent groups (classes) of
individuals with similar associations between tested inputs
[46]. The LCA identifies conditional item probabilities for
being classified within different classes. Values �0.60 were

Table 1. Demographic, clinical, functional, and symptomatic characteristics at
primary observation.

Characteristic
Total sample
(N¼ 968)

Age, mean (SD) 59.62 (11.5)
Menopausal status, n (%)

Premenopausal 263 (27.2)
Postmenopausal 705 (72.8)

Type of surgery, n (%)
Lumpectomy 631 (65.2)
Mastectomy 336 (34.7)
Biopsy alone 1 (0.1)

Auxiliary lymph node dissection, n (%)
Sentinel lymph node biopsi 556 (57.4)
Partial intervention 106 (11.0)
Complete intervention 306 (31.6)

Chemotherapy, n (%)
No 444 (45.9)
Yes 524 (54.1)

HER2-targeted treatment, n (%)
No 857 (88.5)
Yes 111 (11.5)

Endocrine treatment, n (%)
No 108 (11.2)
Yes 860 (88.8)

Radiotherapy, n (%)
No radiotherapy 170 (17.6)
Local RT 484 (50.0)
Loco-regional RT 314 (32.4)

Global health statusa, mean (SD) 72.80 (20.5)
Physical functioninga, mean (SD) 85.69 (17.6)
Role functioninga, mean (SD) 80.30 (25.3)
Emotional functioninga, mean (SD) 81.48 (19.6)
Cognitive functioninga, mean (SD) 79.84 (22.1)
Social functioninga, mean (SD) 86.40 (20.7)
Body imageb, mean (SD) 82.44 (23.1)
Sexual functioningb, mean (SD) 20.00 (22.6)
Sexual enjoymentb, mean (SD) 54.04 (29.8)
Future perspectiveb, mean (SD) 61.31 (27.9)
Neuropathy severityc, mean (SD) 1.68 (1.0)
Arthralgia severityc, mean (SD) 2.34 (1.1)
Myalgia severityc, mean (SD) 2.21 (1.1)
aMeasured by the European Organisation for Research and Treatment of
Cancer (EORTC) general Quality of Life Questionnaire (QLQ-C30, version 3),
converted to a 1–100 score. Higher scores represent better quality of life.
bMeasured by the EORTC Quality of Life Questionnaire breast cancer module
(QLQ-BR23), converted to a 1–100 score. Higher scores represent better qual-
ity of life.
cMeasured on a 1–5 Likert scale, adhering to the Patient Reported Outcomes
version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE)-
system. Higher scores represent a greater symptom burden.
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considered a high probability (i.e., 60% likelihood), values
�0.59 and �0.20 as representing moderate, and values
�0.19 as representing low probability. For our purpose,
membership within the five symptom trajectories, as identi-
fied by the GMM models, was used as input data to explore
whether individuals assigned membership to a high-burden
symptom trajectory differed across separate LEs. As in the
GMM analyses, fit indices (i.e., AIC, BIC, SSA-BIC, entropy,
LMR-LRT), parsimony, and model interpretability were
explored and evaluated for final model selection. GMM anal-
yses and LCA were conducted in Mplus, version 8.3 [47].

Addressing our third research aim (assessing characteristics
of individuals assigned membership to high-burden symptom
trajectories), we conducted logistic regression analyses in
SPSS, version 26 [48], with optimal class solution from the LCA
as the outcome. In the initial univariate logistic regression
analyses, age was included as a demographic variable. Clinical
factors included menopausal status, surgery type (lumpec-
tomy, mastectomy), auxiliary lymph node dissection (ALND;
Sentinel lymph node biopsy, partial ALND, complete ALND),
chemotherapy (CT; yes/no), HER2-targeted treatment (yes/no),
endocrine therapy (ET; yes/no), and radiotherapy (RT; no RT,
local, or loco-regional RT). Functioning was measured with the
respective subscales of the QLQ-C30 and the QLQ-BR23, and
symptomatic factors included neuropathy, arthralgia, and
myalgia pain severity. For the logistic regression, we used the
participants’ primary self-report score on the functional and
symptomatic measures (i.e., data from their first completed
questionnaire). Significant factors (p < .05) were retained and
tested simultaneously in a multivariate logistic regression
model to determine the individual contribution of each pre-
dictor while accounting for their shared variance.

Ethics

The study was approved by the Danish Patient Safety
Authority (3-3013-2975/1) and by the Danish Data Protection
Agency (1-16-02-894-17).

Results

Research aim 1: identification of symptom trajectories

Statistical and visual inspections revealed that model conver-
gence improved when using linear rather than quadratic
effect by fixing the slope and testing random intercept.
Based on fit indices and interpretability of the class solutions,
models with two trajectories were retained as the optimal
solution for all tested LEs (see Table 2).

Figure 1 illustrates separate panels for the two-class tra-
jectories across symptoms. Across tested LEs, majorities
(74.4–89.2%) showed a low-burden symptom trajectory with
a decreasing slope, while minorities (10.8–25.6%) followed a
high-burden symptom trajectory. Although not statistically
significant, the high-burden fatigue and breast symptom tra-
jectories showed decreasing slopes, while pain, insomnia,
and arm symptom trajectories exhibited increasing slopes.
Table 3 provides parameter estimates for each outcome.

Research aim 2: associations in trajectory membership
across symptoms

In an LCA, we used trajectory membership from separate
GMM models as input variables. Members with low-burden
symptom trajectories received a score of ‘0’, and members
with high-burden symptom trajectories a score of ‘1’ to
explore potential associations in trajectory classification
across the investigated symptoms. A two-class solution was
selected as the optimal solution with an entropy of .80, cor-
responding to ‘high’ classification accuracy.

The final model indicated substantial associations in tra-
jectory membership across the five tested LEs. The two-class
solution indicated how the majority (81.2%) of the total sam-
ple reported low probabilities (1.7–18.1%) of being classified
as belonging to a high-burden symptom trajectory in the
separate GMM models. The remaining minority (18.8%)
showed moderate-high probabilities (44.5–75.3%) of being
classified as belonging to a high-burden symptom trajectory.
Figure 2 depicts the two classes with conditional item proba-
bilities for being classified as a high-burden symptom trajec-
tory for each of the five LEs, evaluated by GMM analyses.
The separation between classes was generally high across
symptoms (odds ratios of item probabilities between classes
>5) [46], indicating that the LEs performed well in differenti-
ating the two classes. Notably, the insomnia item was only
marginally above this value (6.1), suggesting that this symp-
tom only contributed little to the overall class separation.

Research aim 3: members of the high-burden symptom
trajectories

Univariate (i.e., unadjusted) analyses identified (a) younger
age; (b) complete ALND and loco-regional RT; (c) lower gen-
eral functioning (global health, physical, role, emotional, cog-
nitive, social), (d) BC-specific functioning (body image, sexual

Table 2. Fit indices for one- to three-class growth mixture models of symp-
tom trajectories.

Classes (no.) AIC BIC SSA-BIC Entropy LMR-LRT (p)

Fatigue
1 11369.62 11398.87 11379.81 – –
2 11300.49 11344.36 11315.77 .76 .010
3 11279.12 11337.61 11299.50 .74 .142

Pain
1 11511.47 11540.72 11521.66 – –
2 11292.01 11335.89 11307.30 .83 <.001
3 11230.26 11288.76 11250.65 .79 <.001

Insomnia
1 12074.23 12103.48 12084.42 – –
2 11971.95 12015.83 11987.24 .72 <.001
3 11900.38 11958.88 11920.77 .63 .044

Breast symptoms
1 10600.84 10630.06 10611.01 – –
2 10423.31 10467.14 10438.56 .86 <.001
3 10375.35 10433.79 10395.68 .82 .114

Arm symptoms
1 10880.36 10909.57 10890.52 – –
2 10681.73 10725.55 10696.97 .87 <.001
3 10587.09 10645.51 10607.40 .82 .001

Note: Best-fitting models indicated in bold font.
AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria; SSA-BIC:
Sample-Size Adjusted BIC; LMR: Lo-Mendell-Rubin Likelihood Ratio Test.

1662 A. W. M. NIELSEN ET AL.



functioning, sexual enjoyment, future perspective), and (e)
higher neuropathy, arthralgia, and myalgia severity as signifi-
cant characteristics of high-class membership (see
Supplementary Table 1).

A final multivariate logistic model including only
univariately significant covariates (p < .05) revealed that
women in the high symptom class reported poorer

physical (p ¼ .003) and social functioning (p ¼ .018) com-
pared with women in the low symptom class. The com-
plete model, which included and adjusted for all
covariates, was statistically significant, ꭕ

2(16) ¼ 102.54, p
< .001, and explained 46.3% (Cox & Snell R Square) to
73.2% (Nagelkerke R Square) of the variance in
class membership.
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Figure 1. Symptom trajectories of (A) fatigue, (B) pain, (C) insomnia, (D) breast symptoms, and (E) arm symptoms. Fatigue, pain, and insomnia were measured by
the European Organisation for Research and Treatment of Cancer (EORTC) general Quality of Life Questionnaire (QLQ-C30, version 3); breast symptoms and arm
symptoms were measured by the breast cancer module (QLQ-BR23). All symptom domains of the EORTC questionnaires were transformed to 0–100 scales with
higher scores representing a larger symptom burden. T1: time 1 (7.92 months post-surgery); T2: time 2 (17.52 months post-surgery); T3: time 3 (29.52 months
post-surgery).

Table 3. Parameter estimates for growth mixture models of two-class symptom trajectories.

Class Size (%; N) Intercept (95% CI) p Slope (95% CI) p

Fatigue
Low symptom 89.2%; 863 26.57 (23.40; 29.74) <.001 �1.73 (�3.61; 0.15) .072
High symptom 10.8%; 104 66.04 (48.13; 83.94) <.001 �0.29 (�8.73; 8.15) .946

Pain
Low symptom 80.7%; 721 14.67 (11.69; 17.66) <.001 �0.72 (�2.26; 0.82) .362
High symptom 19.3%; 187 50.36 (48.34; 58.38) <.001 5.80 (1.49; 10.11) .008

Insomnia
Low symptom 74.4%; 720 23.62 (18.86; 28.37) <.001 �2.52 (�5.01; �0.02) .048
High symptom 25.6%; 248 62.57 (53.06; 72.08) <.001 4.45 (�0.76; 9.67) .094

Breast symptoms
Low symptom 86.4%; 832 18.23 (16.07; 20.40) <.001 �3.12 (�4.14; �2.11) <.001
High symptom 13.6%; 131 51.09 (44.74; 57.44) <.001 �1.15 (�6.42; 4.13) .671

Arm symptoms
Low symptom 88.4%; 850 13.28 (10.68; 15.89) <.001 �0.53 (�1.82; 0.77) .424
High symptom 11.6%; 112 50.28 (39.22; 61.35) <.001 2.90 (�4.77; 10.57) .458

Note: Sample size varies due to missing values on some symptom scales. Statistically significant values at p < .05 indicated in
bold font.
CI: confidence interval.
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Discussion

The general aim of the study was to expand knowledge on
symptomatic development and symptom associations in BC
survivors through a trajectory framework. Across tested symp-
toms, GMM analyses revealed how a substantial minority fol-
lowed trajectories characterized by a high symptom burden.
Findings suggest associations in trajectory membership, indi-
cating how cancer-related LEs present in clusters of multiple
concurrent symptoms. Furthermore, women with high proba-
bilities of being burdened over time across multiple symptoms
reported lower physical and social functioning.

Across all tested LEs, a two-class GMM provided the best
and most interpretable fit of the data. Consistent with the lit-
erature [34,37,40], our study revealed how most experienced
a low symptom burden, while a minority followed trajecto-
ries characterized by a substantial symptom burden up to
three years after surgery. Individual data points indicated
how the mean between-trajectory difference in symptom-
atology levels increased across time for all five outcomes.
The total sample repeatedly scored below a previously pro-
posed arbitrary threshold (�40) for clinically significant
symptom-level on the QLQ-C30 [33] and below recently
established anchor-based Thresholds for Clinical Importance
(TCI) on each item on the QLQ-C30 [49], indicating low
symptom burden at the cohort level. This finding mirrors a
recent study conducted with postmenopausal BC survivors in
the present patient sample, showing how mean levels of
self-reported symptoms were below these cut-points for
more than five years after primary treatment [50].

In contrast, the high-burden symptom trajectories demon-
strated a clinically significant symptom level across LEs until
the three-year follow-up. Beyond statistical significance,
Minimal Important Differences (MIDs) is another approach to
investigate group differences. MIDs reflect the smallest
change or difference that a patient or clinician would inter-
pret as ‘important,’ indicating an adjustment of the patient’s
symptom management. A recent study has identified MIDs
for between-group differences for EORTC-QLQ-C30 scores of
patients with advanced BC [51]. In the present study, the

fatigue trajectories differed by more than 40 points across all
data waves, by far surpassing the identified MIDs, ranging
from 6 to 8 points [51]. No MIDs have yet been established
for the other examined symptoms among BC survivors.
However, anchors from samples of mixed cancer groups [52]
suggest that the low- and high-burden symptom trajectories
differ to a clinically significant extent. Applying TCIs and the
�40 cutoff value [33,49], all high-burden symptom trajecto-
ries were above these cutoff values, whereas the correspond-
ing low-burden trajectories were below. Identifying those
who continue to show high burdened symptom levels over
several years may be an essential step in improving the man-
agement of LEs in BC survivors.

We conducted an LCA with the trajectory solutions from
the separate GMM models as input data to investigate
whether the highly distressed minorities overlapped individ-
ual symptoms. This analysis identified a class with low proba-
bilities of membership within the high-burden symptom
trajectories across tested LEs and a class with moderate-high
probabilities of following the high-burden symptom trajecto-
ries. This finding indicates that LEs do not present in isola-
tion but rather in clusters of multiple concurrent symptoms,
as suggested by earlier findings [41,42]. Individuals strug-
gling with high pain levels are, for example, likely to experi-
ence concurrent insomnia and breast pain. This finding
highlights the importance of identifying this highly distressed
minority in order to provide proper support. Our findings
also suggest the relevance of studying combinations of LEs
in BC survivors to reveal potential clustering effects.

In the multivariate model, no demographic or clinical varia-
bles emerged as significant characteristics of individuals with
large probabilities of belonging to high-burden symptom trajec-
tories. Conversely, these individuals reported lower physical and
social functioning, outcomes that are potentially amenable
through psychosocial interventions in follow-up settings. For
example, meta-analyses suggest how exercise interventions can
improve physical functioning and reduce fatigue, pain, and
insomnia in BC patients [53,54]. An individual patient data (IPD)
meta-analysis with half of the sample studied diagnosed with
BC revealed how psychosocial interventions significantly
improved social function [55]. Thus, interventions tailored to
improve functional levels among BC survivors may ameliorate
the derivative distress caused by symptomatic LEs. Future stud-
ies should investigate the effects of screening and intervention
for poor functioning in BC survivors.

Our study has several strengths, including the large sample, a
long follow-up period, cross-symptom analysis, and multi-source
data (PROs combined with information from clinical databases).
Only slight deviations were evident between our QLQ-C30 scores
and BC population-based reference values [56], supporting the
representativeness of our sample of women treated for BC. Some
limitations should also be noted. First, the study may not capture
changes in the acute postoperative period with sufficient sensitiv-
ity by relying on one-year data time slots. Studies have shown how
BC survivors and reference groups only differed in health-related
QoL in the first year after diagnosis with a declining effect over
time [30,49,57,58], and symptoms might stabilize over time follow-
ing a period of more pronounced change immediately following

Figure 2. Latent class analysis of associations across symptom trajectory classi-
fication. Conditional item probabilities refer to the probability of membership
within a high-burden symptom trajectory across separate LEs. Values of �0.60
were considered as the high probability (i.e., 60% likelihood of high-burden
classification), values �0.59 and �0.20 as representing moderate, and values of
�0.19 as representing low probability.
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BC diagnosis. We may not have sufficiently captured such changes
with only one assessment in the first year following diagnosis.
Second, the EORTC questionnaire may not be the most sensitive
instrument to capture specific LE symptoms. Larger questionnaire
batteries with specific symptom measures, e.g., the Insomnia
Severity Index [59] or numerical rating scales for measuring differ-
ent aspects of pain [60], could result in model solutions with
greater symptom change across time. Third, as our pragmatic data
set was collected as part of routine follow-up, primarily to inform
clinicians of symptom burden and functioning to tailor procedures
per patient needs, it did not contain information on demographic
characteristics (e.g., marital status, educational attainment, level of
income). These factors could be relevant predictors of long-term
symptom development. Fourth, the study population did not
include low-risk patients who did not receive treatment at the
Department of Oncology. These patients receive less intensive
treatment than the study participants, why the current data may
overestimate the severity and persistence of LEs among BC survi-
vors. Finally, a considerable number of individuals never com-
pleted the questionnaires. The lack of PROs on these women
challenges detailed non-responder analyses. Still, a recent study on
the postmenopausal women from the same overall sample
revealed how especially older patients failed to respond to the
questionnaire [49]. This finding reflects an inherent limitation in
requesting PROs in a real-life clinical setting, potentially biasing
the results.

In conclusion, our study illustrates how BC survivors form
two distinct subgroups characterized by relatively stable high
and low symptom burden over a three-year postoperative
period. Approximately one in five BC survivors had a high
probability of belonging to a high-burden symptom trajectory
across all tested LEs (fatigue, pain, insomnia, breast symp-
toms, and arm symptoms). These highly burdened women
reported poorer physical and social functioning, representing
a patient group in need of timely targeted support.
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