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Abstract 

Purpose Insights into the severity of co-existing symptoms can help in identifying breast 

cancer survivors in need of symptom management. We aimed to identify subgroups of 

breast cancer survivors based on patterns of symptom severity, and characteristics 

associated with these subgroups. 

Methods We selected surgically treated stage I–III breast cancer survivors 1–5 years 

post-diagnosis from the Netherlands Cancer Registry (N = 876). We assessed 

experienced severity of fatigue, nausea, pain, dyspnea, insomnia, appetite, constipation, 

diarrhea, and emotional and cognitive symptoms through the EORTC-QLQ-C30 Quality 

of Life Questionnaire on a scale of 0–100. We determined subgroups of survivors using 

latent class cluster analyses (LCA) based on severity of co-existing symptoms and 

compared their mean severity to the age-matched female reference population to 
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interpret clinical relevance. We assessed subgroup characteristics by multinomial logistic 

regression analyses. 

Results From 404 respondents (46%), three subgroups of survivors with distinct 

symptom severity were identified: low severity (n = 116, 28.7%), intermediate severity 

(n = 224, 55.4%), and high severity (n = 59, 14.6%). The low subgroup reported lower 

symptom severity than the general population; the intermediate subgroup reported a 

similar symptom severity, although scores for fatigue, insomnia, and cognitive 

symptoms were worse (small-medium clinical relevance). The high subgroup had worse 

symptom severity (medium-large clinical relevance). Compared to the intermediate 

subgroup, one (RRR: 2.75; CI: 1.22–6.19; p = 0.015) or more (RRR: 9.19; CI: 3.70–22.8; p 

= < 0.001) comorbidities were significantly associated with the high subgroup. We found 

no associated treatment characteristics. 

Conclusion We identified distinct subgroups of breast cancer survivors based on 

symptom severity, underlining the relevance of further exploring personalized follow-up 

strategies. 

Introduction 
Long-term cancer survivors “remain at risk for (distant) relapse and can potentially experience late 

treatmentrelated sequelae” [1]. Many breast cancer survivors suffer from treatment-induced 

symptoms. Even up to 5 years after diagnosis, reported symptoms include fatigue, pain, lymph 

edema, cognitive dysfunction, hot flashes, anxiety, depression, insomnia, sexual issues, fear of 

recurrence, and neuropathy [2–4]. Although the long-term overall health-related quality of life 

(HRQoL) in breast cancer survivors is as good as that of the general population [5–10], several studies 

have reported deteriorated functioning and HRQoL in subgroups of survivors [5–10]. Symptoms such 

as fatigue, depression, pain, and cognitive dysfunction have been associated with these 

deteriorations [2, 3]. In order to increase HRQoL, symptom management is one of the goals of follow-

up care [11, 12]. Current guidelines state however that there is no standardized, evidence-based 

regimen for breast cancer follow-up [11, 12], and it should thus be based on a tradeoff between 

patient needs, follow-up costs, and burden [12]. As a result, a variety of follow-up arrangements exist 

across the world [13]. Evaluations report that many  of these not fully meet the needs of breast 

cancer survivors [1, 11, 14–17], and describe a growing demand for more personalized care planning 

[1, 11, 14–17]. 

Survivors rarely report singular symptoms: even several years after diagnosis, multiple burdening 

symptoms may remain prevalent [2, 3, 6, 10]. These may “relate, hasten, or potentiate one another 

or contribute to the development of other symptoms through multifaceted underlying factors” in a 

symptom cluster [20]. Studying the overall symptom severity and patterns of overall symptom 

severity is expected to better identify subgroups of survivors in need for symptom management [19, 

21] and align follow-up arrangements to these needs. 

Yet, as reported by an expert panel in 2015, symptoms have mainly been studied as separate, 

independent items and symptom cluster research was at that time still in its infancy [18, 19]. More 

recently, several studies have aimed to identify clusters of pre-defined symptoms in breast cancer 

populations ranging from 240–1500 survivors, from 6 months to 5 years after diagnosis [22–25]. 

Across studies, methods differed in terms of measurements and type of cluster analysis, and method 

in general, some of them assessing a broad range of physical and psychosocial symptoms [22, 25], 

while others establishing clinical relevance of distinguished clusters [23], or determining factors 

associated with clusters [23, 24], and assessing symptoms over a longer period of time [22]. 

We aimed to identify subgroups of survivors with different patterns of symptom severity through 

latent class cluster analyses (LCA) that can be applied to study patterns of severity, burden, or 
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magnitude of a pre-defined symptom cluster. As survivors reported symptoms even years after 

diagnosis, we measured a broad range of physical and psychosocial symptoms most relevant to 

breast cancer survivors [26] up to 5 years after diagnosis. In addition, we aimed to assess the clinical 

relevance of symptom severity by comparing our sample to the general population. Last, we aimed 

to identify patient and treatment characteristics that were associated with the defined subgroups of 

survivors—thereby, combining prominent methodological aspects described above in one study. 

Methods 
Utilized data have been collected through a cross-sectional survey study described previously [6, 27]. 

We selected a random sample of 1000 female breast cancer survivors who had been diagnosed 

between 2012 and 2016 with non-metastatic breast cancer from the Netherlands Cancer Registry 

(NCR), a database with national coverage on cancer incidence, diagnosis, and treatment [28]. 

Survivors had received surgical treatment in one of 20 hospitals committed to our study. In 

deliberation with these hospitals, we excluded survivors who did not receive follow-up care, who 

were currently receiving treatment for secondary or recurrent disease, who could not read or write 

Dutch, or without recent contact information (n = 124). Between September 2017 and March 2018, 

we invited 876 survivors to complete our survey. Responses were collected until May 2018—at time 

of completing the survey, survivors were 1 to 5 years after diagnosis. Surveys were administered 

through the online PROFILES (“Patient-Reported Outcomes Following Initial treatment and Long-term 

Evaluation of Survivorship”) Registry survey application [29]. Participants gave consent for processing 

their coded responses and merging these with their clinical data available in the NCR. The use of NCR 

data was approved by the NCR Privacy Review Board. Formal ethical approval was not required, as 

the Dutch Medical Research (Human Subjects) Act did not apply for this study. 

To better understand the clinical relevance of reported symptom severity, a normative general 

population sample was included that had completed the EORTC-QLQ-C30. The sample was 

representative of the Dutch-speaking population in the Netherlands (n = 1369 women, surveyed in 

2017) and was provided by CentERdata [30]. 

Cross‑sectional survey 
The survey included three subjects: 

 

1. Symptom severity over the past 4 weeks, measured through the Dutch version of the EORTC-QLQ-

C30 Quality of Life Questionnaire for Cancer [26]. This validated questionnaire includes nine 

symptom scales (fatigue, nausea, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea, 

financial burden). As recent literature deems that the item financial burden is not an actual 

symptom [31], we left this item out of further analyses. As psychosocial and cognitive symptoms 

are not represented in the symptom scales but frequently occur in breast cancer survivors [3, 32], 

we also included the EORTC-QLQ-C30 emotional and cognitive functioning scales. Answer options 

range from not at all to very much (4-point Likert scale). Scores are transformed to range from 0 

to 100, with high scores depicting a high symptom severity (i.e., low HRQoL);  

2. Sociodemographic characteristic (age, highest completed level of education); 

3. Disease status (current treatment status, presence of comorbidities). Comorbidities at time of 

survey were assessed through the adapted Self-Administered Comorbidity Questionnaire (SACQ) 

[33]. 

Analyses 
We determined mutually exclusive subgroups of survivors using LCA based on severity of co-existing 

symptoms. All symptom severity scores were included as ordinal variables. As the EORTC-QLQ-C30 
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includes aspects most relevant to cancer patients [26], we did not exclude symptoms. LCA is a data-

driven approach; multiple models with different numbers of subgroups were built. We assessed the 

fit of each model based on goodness-of-fit statistics (i.e., lowest values of Log likelihood (LL), and LL 

based on the Bayesian Information Criterion (BICLL), Akaike’s Information Criterion (AICLL), and 

Consistent Akaike Information Criterion (CAICLL) [34, 35]). LCA assumes that observed variables are 

mutually independent given the class variable, meaning all within-cluster covariance is equal to zero. 

To check for local dependencies between included variables, bivariate residuals were assessed 

(bivariate residuals should be 3 or smaller). However, restrictions on local independency are allowed 

to obtain more parsimonious and stable models: mutual dependency for certain pairs of variables is 

then assumed within latent classes. The final model was based on the goodness-of-fit statistics 

(where lowest values indicate a more favorable model fit [35]) and clinically meaningful differences 

between subgroups. Survivors were assigned to the subgroup with the highest posterior class-

membership probability. LCA was performed with Latent GOLD version 5.2.0 (Statistical Innovations 

Inc., Belmont, USA) [34]. 

Differences in subgroups characteristics were examined with χ2 tests for categorical variables. 

Multinomial logistic regression analyses were performed to determine factors that were associated 

with subgroup membership. Variables that were significant in univariate analyses (level of 

significance, p < 0.10) were included in the regression analyses (level of significance, p < 0.05). As 

literature describes the association between age, comorbidities, and HRQoL in long-term breast 

cancer survivors [36], these variables were included a priori.  

Last, the respondents were matched 1:1 to a female normative general population based on age 

(categories of 5-year age brackets, ranging from ≤ 25 to > 85). The general population sample 

included individuals with a history of cancer (4%; based on self-report); we ran the analyses in the 

cancer-free general population as part of a sensitivity analysis. Mean scores per cluster were 

compared to the general population mean scores and tested through ANOVA. Clinically relevant 

differences were described according to the EORTC-QLQ-C30 guidelines for clinical interpretation by 

Cocks et al. [37]. 

All analyses other than LCA were performed in Stata/SE 14.2 [38]. Results From 876 administered 

surveys, 408 were returned, of which 404 (46%) were sufficiently completed and eligible for analyses. 

Although the survivors in the youngest and oldest age category were slightly underrepresented, the 

respondent population was deemed representative (previously reported in De Ligt et al. [6, 27]). 

Survivors were diagnosed with stage I (46%) or II (43%) disease. Mean time between diagnosis 

and survey was 3.4 years (range: 0.8–6 years), and 47% reported no comorbid diseases at time of 

survey. Survivors had received adjuvant radiotherapy (72%), chemotherapy (49%), or anti-hormonal 

treatment (57%). At time of survey, the latter was still administered in 43% of survivors (Table 1). 

Subgroups of survivors based on symptom severity  
Figure 1 shows the identified subgroups. A three-subgroup model had the best goodness-of-fit based 

on the lowest BICLL and CAICLL (Table 2). Although the AICLL and AIC3LL were lowest for the 6-

subgroup and 5-subgroup models, additional subgroups led to less distinctive (i.e., less clinically 

meaningful) mean scores per subgroup. After relaxing the local independency assumption between 

cognitive symptoms and nausea/vomiting, and between insomnia and emotional symptoms, all but 

two bivariate residuals were around 3 or lower (Model 3*; bivariate residuals for diarrhea/dyspnea: 

4.8; cognitive symptoms/emotional symptoms: 4.2). Except for diarrhea, 95% confidence intervals 

were not overlapping between clusters (Fig. 1). 

The first subgroup of survivors had lower mean scores than the general population, meaning their 

symptom severity was lower (general population, mean scores, fatigue: 19; nausea/vomiting: 0; pain: 

3; dyspnea: 8; insomnia: 18; appetite loss: 3; constipation: 5; diarrhea: 3; cognitive symptoms: 10; 

emotional symptoms: 13). We named this the low severity subgroup (n = 116/404, 28.7%; mean 
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scores, fatigue: 5; nausea/vomiting: 0; pain: 0; dyspnea: 1; insomnia: 0; appetite loss: 0; constipation: 

1; diarrhea: 1; cognitive symptoms: 4; emotional symptoms: 2). The second subgroup had mean 

scores similar to those of the general population, although mean scores for fatigue, insomnia, and 

cognitive symptoms were higher (i.e., more severe, small-medium clinically relevant difference). We 

named this the intermediate severity subgroup (n = 224/404, 55.4%; mean scores, fatigue: 28; 

nausea/vomiting: 2; pain: 20; dyspnea: 12; insomnia: 33; appetite loss: 4; constipation: 9; diarrhea: 4; 

cognitive symptoms: 21; emotional symptoms: 18). The third subgroup had high mean scores: their 

symptom severity was the worst. Compared to the general population, we found large clinically 

relevant differences for fatigue, pain, dyspnea, insomnia, appetite loss, and cognitive symptoms, and 

medium clinically relevant differences for constipation. Mean emotional symptom scores were 28 

points worse than in the general population. We named this subgroup the high severity subgroup (n 

= 59/404, 14.6%; mean scores, fatigue: 66; nausea/vomiting: 13; pain: 47; dyspnea: 34; insomnia: 52; 

appetite loss: 29; constipation: 21; diarrhea: 9; cognitive symptoms: 46; emotional symptoms: 43). 

[Table 1] 

Subgroup characteristics 
Survivors in the low severity subgroup relatively often had stage I disease (58%, compared to 42% 

and 32% for the intermediate and high severity subgroup, respectively; p = 0.002) and, consequently, 

were more often treated with breast-conserving surgery (59%; p = 0.041). Survivors in the high 

severity subgroup relatively often had stage III disease (20%, compared to the intermediate (12%) 

and low severity subgroup (5%); p = 0.002) and more often underwent mastectomy (54%; p = 0.041). 

In the low severity subgroup, significantly lower rates of radiotherapy (66%; compared to 78% and 

71% for the intermediate and high severity subgroup; p = 0.038) and anti-hormonal therapy (49%; 

compared to 62% and 66% for the intermediate and high severity subgroup; p = 0.034) were found. 

Age, socioeconomic status, educational level, and time since diagnosis did not differ among the 

subgroups. Survivors in the high severity subgroup more often reported two or more comorbidities 

(p < 0.001). More specifically, almost 20% of them reported 3–5 comorbidities (3.5% in the 

intermediate subgroup, 0% in the low subgroup). The most prevalent comorbidities 

(diseases/impairments in muscles, connective tissue, or joints (32.6%), lung diseases (10.0%), 

gastrointestinal diseases including liver, gallbladder, and pancreas (8.2%), cardiovascular diseases 

(7.1%), and complaints in urinary/reproductive system (7.1%)) were significantly more often reported 

in the high severity subgroup (Table 3). 

[Figure 1] [Table 2] 

Factors associated with subgroups 
Survivors in the low and high severity subgroup were compared to the intermediate severity 

subgroup (Table 4). Survivors in the low severity subgroup had significantly less comorbidities (one 

comorbidity: RRR: 0.35, CI: 0.20–0.62; p < 0.001, two or more comorbidities: RRR: 0.15, CI: 0.05–0.44; 

p < 0.001), more often had completed high vocational education (RRR: 0.51, CI: 0.27–0.95; p: 0.033), 

and were less often treated with chemotherapy (RRR: 0.52, CI: 0.27–1.00; p = 0.050). Survivors in the 

high severity subgroup had significantly more comorbidities (one comorbidity: RRR: 2.75, CI: 1.22–

6.19; p = 0.015; two or more comorbidities: RRR: 9.19, CI: 3.70–22.8; p = < 0.001). 

Comorbidities especially associated with high symptom severity were diseases/impairments in 

muscles, connective tissue, or joints (RRR: 3.30, CI: 1.68–6.49; p = 0.001), and diseases/impairments 

of urinary/reproductive system (RRR: 4.14, CI: 1.44–11.9; p = 0.008; results not reported in Table 4). 
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[Table 3] 

Discussion 
Based on patterns of overall symptom severity, our study identified three subgroups of long-term 

breast cancer survivors, and compared their mean symptom severity to the general population to 

determine clinical relevance. The varying severities of symptoms in these groups reflect varying 

needs that may ask for different follow-up arrangements and possible change in clinical practice. 

Note that this does not include the early detection of loco-regional recurrences or contralateral 

breast cancer, which is also goal of follow-up arrangements [11, 12]. 

Fourteen percent of respondents reported a high, clinically relevant symptom severity, which is in 

range with 13–26% of survivors in recent studies that in similar fashion determined subgroups in 

comparable populations [23, 39–41]. We found a significant association between number of 

comorbid diseases and high symptom severity, confirming the literature [23, 41]. A relatively high 

proportion of respondents in the high severity group reported over three comorbidities. Our results 

suggest that survivors who already suffered from comorbid diseases will experience more health 

limitations after breast cancer treatment. This group, which represents one in seven early-stage 

breast cancer survivors, seems to be in the highest need of supportive health care. We believe these 

patients may need follow-up arrangements that are sensitive to their more complex, comorbid 

health status. 

The 55% of survivors in the intermediate severity subgroup reported severity scores comparable 

to the general population, with more severe and clinically relevant scores for fatigue, insomnia, and 

cognitive symptoms. Fatigue, insomnia, and cognitive symptoms have been reported as part of 

symptom clusters, however usually with pain or anxiety [23, 42–44]. Although the literature 

emphasizes the importance of targeted interventions for clustered symptoms, we found only a few, 

some with limited effects [42, 43]. Even though more research is needed, we expect follow-up 

arrangements specifically targeted to these symptoms would be more in place for this subgroup. 

Last, 29% of survivors reported almost no symptoms. We believe it would be interesting to 

evaluate if less frequent or “on-demand” follow-up care would serve these survivors, personalized to 

their needs. We think it is important that, with an increasing prevalence of breast cancer patients 

[45, 46], alternative and more personalized ways of follow-up are explored. For instance, Kirshbaum 

et al. [47] evaluated an open-access on-demand follow-up intervention for early-stage breast cancer 

survivors, in which they could consult the breast cancer clinic when necessary. In terms of HRQoL, 

women were not disadvantaged by open-access follow-up compared to standard hospital-based 

follow-up. Note that this only concerned aftercare or symptom management/support, and not the 

surveillance for recurrent cancer through physical and mammographic examination. 

[Table 4] 
 

Ideally, healthcare providers would want to know early in the care process which follow-up 

arrangements would probably serve their patients. To understand which factors are associated with 

symptom severity, we need additional research that supports the prediction of survivors’ need for 

symptom management. Interestingly, besides the presence of comorbidities, we did not identify any 

treatment-related factors that were associated with high symptom severity—as well found by 

Bjerkeset et al. [40]. Contrastingly, three studies reported that chemotherapy was associated with 

membership to the subgroup with the worst outcomes, but included patients only up to 2 years after 

diagnosis [23, 39, 41]. The influence of chemotherapy may be more pronounced on shorter term. 

Furthermore, three studies reported that younger age was associated with membership to the 
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subgroup with the worst outcomes [23, 40, 41]. The slight underrepresentation of the oldest and 

youngest survivors in our cohort may explain why we did not. 

Furthermore, in clinical practice, a tool is needed that identifies symptom management needs. 

Survivors could complete questionnaires and a “distress thermometer” at the start of follow-up, as 

suggested by Iyer et al. [48]. Patient-reported outcome measures (PROMs) could be implemented to 

structurally identify patient needs during treatment and follow-up [49]. This may even better serve 

survivorship needs, as women self-reported significantly more symptoms than were registered by 

the clinical oncologist during clinical consultations [4]. 

A limitation of our study is the cross-sectional design in post-treatment patients. By pre-treatment 

assessment of patient characteristics and HRQoL, confounding factors can be measured more 

correctly. As we measured comorbidity status simultaneously with post-treatment HRQoL, we cannot 

rule out that all self-reported comorbidities were separate diseases instead of consequences of 

breast cancer treatment. Cross-referencing between comorbidities and health problems from our 

previous report [27] demonstrated that survivors who reported diseases/impairments in muscles, 

connective tissue, or joints significantly more often reported pain and swelling in the breast area. 

This suggests comorbidity measures may be clouded by treatment-induced lymphedema. We need 

systematic patient-reported measuring of comorbidities to better understand and adjust for case-mix 

in cancer populations [50]. Furthermore, prospective longitudinal measurement would better align 

with the clinical course of post-treatment symptom experience, since symptom burden may change 

over time, which may differ between subgroups of patients [39, 41]. 

Comparing our results with other studies is difficult, as there is no universal working definition 

and assessment method of symptom clusters [19, 21]. This is illustrated by the different methods 

used in the studies described above, including Markov modeling [39], latent class profile analysis [23, 

41], or determining the proportion of survivors who experienced a pre-defined symptom cluster [40]. 

Furthermore, symptoms were measured through a variety of questionnaires; consensus about which 

symptoms to measure in identifying symptom clusters is still lacking [19]. We included all EORTC-

QLQ-C30 symptom scales, as this questionnaire covers aspects most relevant to cancer patients [26]. 

We also included (reversely scored) cognitive and emotional functioning: these are commonly 

prevalent in breast cancer survivors [3, 32], and especially survivors with psychological symptoms 

report higher symptom severity [39]. The QLQ-C30 includes more functioning scales, and one could 

argue that all should have been included. We noted no overlapping confidence intervals for the other 

functioning scales. Still, without a universally approved gold standard for symptom cluster study 

methods [19, 21], our study may add to the variation of designs and results reported in literature. 

Clinical implications 
Survivors may be served better by strategies more personalized than current annual hospital-based 

follow-up. We suggested intensive follow-up sensitive to the more complex, comorbid health status 

of the high severity subgroup. More research is needed for clustered interventions that target a 

selection of symptoms that are more severe than in the general population, such as fatigue, 

insomnia, and cognitive symptoms reported in the intermediate severity subgroup. Furthermore, we 

need additional research that supports the prediction of survivors’ need for follow-up care and 

structural prospective and longitudinal assessment by PROMs to measure actual patient needs. Our 

study did not result in cutoff scores or thresholds, but the means and confidence intervals around 

these means for each cluster. These can guide future classification of survivors in these subgroups, 

but are not meant to be used directly as clinical cutoffs. We can however imagine that the availability 

of cutoff scores would enable the stratification of patients into one of the clusters when assessing 

symptom scores in clinical practice/during clinical encounters in the future. Only then, alternative 

follow-up strategies can be set up and evaluated for future clinical implementation. 
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To conclude, we identified three subgroups of breast cancer survivors based on symptom 

severity. Our results underline the relevance of further exploring follow-up alternatives suitable for 

these subgroups. We found that reporting comorbid diseases was associated with higher symptom 

severity. Yet, treatment factors and time between treatment and survey were not. Future research 

should longitudinally measure symptoms that are most important for breast cancer patients, 

including baseline assessment of patient characteristics such as comorbid diseases. This will be useful 

in clinical practice as well as in future research for determining which survivors require symptom 

management and through which follow-up strategy. 
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Plain English language summary.  

Many breast cancer survivors suffer from symptoms that may have been caused by the cancer and 

treatment. To date, these symptoms have been researched as separate symptoms. However, cancer 

survivors often suffer from multiple symptoms at the same time. We aimed to identify groups of 

breast cancer survivors based on their overall symptom burden. We found three subgroups of 

survivors, with either lower, comparable, or higher symptom burden than the general population. 

We also investigated which characteristics were associated with these subgroups. We found that 

patients with other diseases besides breast cancer had an increased risk for high symptom burden 
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Tables and figures 

Table Respondent characteristics (n = 404) 
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Table 1  (continued) 

 

 

 
  



Ligt, K.M. de, Rooij, B.H. de, Walraven, I., Heins, M.J., Verloop, J., Siesling, S., Korevaar, J., Poll-Franse, 

L.V. van de. Varying severities of symptoms underline the relevance of personalized follow‑up care in 

breast cancer survivors: latent class cluster analyses in a cross‑sectional cohort. Supportive Care in 

Cancer: 2022 
__________________________________________________________________________________________________________________________________ 

 

   
This is a Nivel certified Post Print, more info at nivel.nl 14 

Figure 1 Mean symptom severity per patient cluster versus reference population, including 95% 
confidence intervals. CI, confidence interval 

 
 

Table 2 LCA model fit statistics 
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Table 3 Patient characteristics per cluster of symptom severity 
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Table 3  (contnued) 

 
 

 

Table 4 Factors associated with symptom severity following multivariate multinomial logistic 
regression (relative risk ratios) 

 


