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AIM: This study aims to identify meaningful clusters based on Patient-Reported Outcome Measures (PROMs) in curatively-treated
esophageal cancer patients at three months post-discharge.
METHODS: This secondary analysis of a longitudinal single-center study included 46 esophageal cancer patients who underwent curative
surgery. Patients were selected based on their completion of PROMs surveys at three months post-discharge, were aged 18 years or older,
and had undergone surgical resection (esophagectomy) with or without neoadjuvant chemotherapy and/or radiotherapy. The analysis
utilized t-distributed Stochastic Neighbor Embedding (t-SNE) for dimensionality reduction and hierarchical clustering to analyze PROMs
data collected three months post-discharge. Clustering was performed on physical, emotional, cognitive, and social functioning variables,
symptom burden, and health literacy.
RESULTS: Three distinct clusters were identified: Cluster 1 (n = 24) with higher functioning and moderate symptoms, Cluster 2 (n =
14) with moderate functioning, higher symptoms, and lower health literacy, and Cluster 3 (n = 8) with the highest functioning, lowest
symptoms, and highest health literacy. Significant differences between squamous cell carcinoma and adenocarcinoma subtypes were
observed across several PROMs domains, including critical health literacy, general health status/quality of life, nausea and vomiting, and
insomnia. These clusters provide an exploratory framework for tailoring post-operative interventions to enhance patient recovery, which
necessitates further confirmatory investigations, including outcomes such as complications and mortality, in the analysis.
CONCLUSIONS: This study fills a research gap by demonstrating the utility of PROMs in identifying distinct recovery patterns in
esophageal cancer patients post-surgery. The findings support the use of PROMs to guide personalized post-operative care, potentially
improving patient outcomes and quality of life. Further research is needed to validate these findings in larger, diverse populations.

Keywords: esophageal cancer; Patient-Reported Outcome Measures; t-SNE; hierarchical clustering; post-operative recovery; health
literacy; quality of life

Introduction
Esophageal cancer is a significant global health issue, with
over 0.6 million new cases and 0.54 million deaths re-
ported worldwide in 2020, making it one of the leading
causes of cancer-related deaths [1, 2]. It predominantly
affects individuals in their sixth and seventh decades of
life, with a higher prevalence in men [2]. The standard
treatment modalities for esophageal cancer include surgery,
chemotherapy, and radiation therapy [3]. Curative treat-
ment often involves esophagectomy, which can be per-
formed using surgical approaches that include field tech-
niques involving the neck, thorax, and abdomen: Ivor-
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Lewis, McKeown, minimally invasive Ivor-Lewis, mini-
mally invasive McKeown, transhiatal, minimally invasive
transhiatal, left transthoracic or thoracoabdominal approach
with cervical anastomosis, and robotic-assisted minimally
invasive esophagectomy (MIE) [4].

Recovery from surgery is critical, as it impacts patients’
overall survival and quality of life [5]. Effective recov-
ery management includes monitoring physical, emotional,
and social well-being to address complications and improve
long-term outcomes. In this context, Patient-Reported Out-
come Measures (PROMs) are standardized tools that cap-
ture patients’ perspectives on their health status, includ-
ing symptoms, functional status, and overall quality of life
[6]. PROMs play a crucial role in assessing the health-
related quality of life (HRQoL) in cancer patients, offering
insights that often remain obscured in standard clinical eval-
uations [7]. Existing literature highlights the significance
of PROMs in tracking various aspects of HRQoL, includ-
ing physical functioning, emotional well-being, and social
interactions [5, 6, 7]. Studies have shown that esophageal
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cancer patients often experience a range of post-surgery
symptoms, such as pain, fatigue, and difficulty swallowing,
which can significantly affect their quality of life [7].
Despite the recognized importance of PROMs in evaluat-
ing HRQoL for esophageal cancer patients, there is a no-
table lack of studies that employ clustering analysis to iden-
tify distinct subgroups of patients based on their recov-
ery patterns. Some authors have started to identify clus-
ters based on pre-operative data [8]. Clustering analysis,
which groups patients with similar recovery trajectories,
could potentially uncover meaningful patterns that are not
evident in traditional analyses [9]. Identifying meaning-
ful clusters of patients based on their PROMs could pro-
vide crucial insights into personalized care and targeted in-
terventions. For instance, patients who experience similar
symptoms and challenges during their recovery can benefit
from customized support programs and treatment modifi-
cations. Furthermore, identifying clusters could aid in pre-
dicting long-term outcomes and optimizing resource alloca-
tion, ensuring that interventions are both effective and effi-
cient. Accordingly, this study aimed to identify meaning-
ful clusters of curatively-treated esophageal cancer patients
based on their PROMs response 3 months post-discharge.

Materials and Methods
Study Design

This study represents a secondary analysis of data derived
from a longitudinal single-center study aimed at evaluat-
ing the HRQoL in curatively-treated esophageal cancer pa-

tients [5]. The primary study focused on assessing PROMs
over time, with the current analysis specifically exam-
ining data collected at 3 months post-discharge (the last
available follow-up). The original study design included
monthly follow-ups to monitor recovery patterns and com-
plications, providing a robust dataset for secondary analy-
sis. The reporting of this study followed the “Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE)” guidelines [10]. This study was approved
by the Ethical Committee of Ospedale San Raffaele, Italy
(protocol n. 136/int/2018). Written informed consent was
obtained from all participating patients prior to their inclu-
sion in the study. The study was conducted in accordance
with the principles of the Helsinki Declaration.

Patients

The study population comprised 46 esophageal cancer pa-
tients who underwent curative surgery at a single medical
center in 2019. To be included in the current analysis, pa-
tients had to meet the following criteria: they needed to be
diagnosed with esophageal cancer and treated with cura-
tive intent, which included surgical resection (esophagec-
tomy) with or without neoadjuvant chemotherapy and/or ra-
diotherapy aimed at complete tumor removal and potential
cure; patients have completed a PROMs survey at 3 months
post-discharge, and be aged 18 years or older at the time
of surgery. Exclusion criteria were patients who did not
complete the PROMs survey at the specified time point and
those who underwent palliative treatment or did not survive
until the 3-month follow-up.



869 Ann. Ital. Chir., 95, 5, 2024

Rosario Caruso, et al.

Measurements
Sociodemographic variables included sex (males, fe-
males), region (Lombardy, extra-Lombardy), and
nationality (Italian, non-Italian). The TNM classifi-
cation of the tumors was categorized as T1 (T1N0,
T1N0M0, T1N0Mx, ypT1N2Mx), T2 (T2N0M0,
T2N1Mx, T2N2M0, T2N2MX, T2N3Mx, ypT2N0),
T3 (T3N0M0, T3N0Mx, T3N1, T3N1Mx, T3N2M0,
T3N2Mx, T3N3Mx, ypT3N3M0), and non-specific
(pT3N1Mx, T0N0Mx, TN0Mx, uT3N3Mx, uT3Nx).
Histological types included squamous cell carcinoma,
adenocarcinoma, and melanoma. Patients’ risk factors
in anamnesis were recorded as either yes or no. Age
was recorded in years, and body mass index (BMI) in
kg/m2. Co-morbidities were categorized using the Charl-
son Comorbidity Index (CCI) into no comorbidity, mild
comorbidities (one additional comorbidity), and severe
comorbidities (two or three additional comorbidities, with
more than three excluded). The treatment modalities
included neo-adjuvant chemo/radio therapy, and surgical
approaches were transhiatal esophagectomy, Ivor Lewis
Procedure, minimally invasive esophagectomy, and McK-
eown esophagectomy. The length of hospital stay was
recorded in days.
The assessment tools utilized for evaluating PROMs at the
3-month follow-up included the European Organization for
Research and Treatment of Cancer (EORTC) Core quality
of life questionnaire (EORTC QLQ-C30) and the EORTC
quality of life questionnaire - Oesophageal Cancer Module
(EORTC QLQ-OES18) [11, 12, 13]. In addition, the Gen-
eral self-efficacy Scale (GSE) and Health Literacy Ques-
tionnaire (HLQ) were employed to assess General self-
efficacy and health literacy, respectively [14].
EORTC QLQ-C30 measures the general quality of life in
cancer patients, covering physical, emotional, and social
functioning. It consists of multi-item scales (five func-
tional scales, three symptom scales, and a global health sta-
tus/quality of life (QoL) scale) and single-item measures
(six single items) using 4-point and 7-point Likert scales.
Scores are standardized from 0 to 100, with higher scores
indicating better functioning or higher symptom burden, de-
pending on the scale [12].
EORTC QLQ-OES18 focuses on symptoms and emotional
issues specific to esophageal cancer. It comprises 18 items
using 4-point Likert scales, divided into four subscales (eat-
ing, reflux, pain, and dysphagia) and six single items for
other symptoms. Scores are standardized from 0 to 100,
with higher scores indicating better functioning or higher
symptom burden [13].
GSE measures confidence in performing challenging tasks
using ten items with a 4-point Likert scale. Higher scores
indicate higher self-efficacy, which can be standardized 0–
100 [14]. The HLQ assesses health literacy across nine sub-
scales, corresponding to functional, communicative, and
critical health literacy. It uses 44 items with 4-point and

5-point Likert scales. Higher scores indicate better health
literacy. These tools have been validated in Italian and
are recognized for their reliability and validity in assessing
HRQoL, self-efficacy, and health literacy in cancer patients.

Data Analysis

After checking for distribution and missingness, descrip-
tive statistics were used to summarize the data. Summaries
were based on the nature of the variables and their distribu-
tion. Comparisons between PROMs from the most preva-
lent histological types (i.e., squamous cell carcinoma and
adenocarcinoma) were performed using two-tailed Mann-
Whitney U tests. To reduce the complexity of the collected
information from the PROMs, the t-distributed Stochas-
tic Neighbor Embedding (t-SNE) algorithm was employed
[15]. This included the following variables: Physical func-
tioning, Role functioning, Emotional functioning, Cogni-
tive functioning, Social functioning, Fatigue, Nausea and
vomiting, Pain, Dyspnea, Insomnia, Appetite loss, Consti-
pation, Diarrhea, Financial difficulties, general health sta-
tus/quality of life (QoL), Eating difficulties, Reflux, Pain
(specific to esophageal cancer), Dysphagia, Swallowing
saliva, Choked swallowing, Dry mouth, Taste, Coughing,
Talking difficulties, General self-efficacy, Mean health per-
ception score, Mean health satisfaction index, Mean anxiety
and mental health score, Mean social support score, Mean
cognitive ability, Mean activity and energy, Mean nutrition
and health status, Mean family health involvement, Mean
utility and health information, Communicative health liter-
acy, critical health literacy, Functional health literacy. The
t-SNE algorithm reduced these variables into two new vari-
ables (X1 and X2) that maintained the linear and non-linear
relationships of the original data. Considering the limited
sample size, this data reduction technique allowed for fea-
sible and efficient clustering. The optimal perplexity set-
ting for t-SNE was explored, considering sample size and
algorithm interpretation, where the final analysis used per-
plexity = 6 with seed = 42 and 1000 iterations.
Once the PROMs were reduced to the two summary vari-
ables (X1 and X2), these were used for clustering patients
using the Ward technique and hierarchical approach [16].
The number of clusters was selected based on the interpre-
tation of the clusters, silhouette analysis, and dendrogram
inspection. The optimal solution identified the subgroups of
patients (clusters), with each PROM described within these
clusters.
Comparisons between clusters were performed using the
Average Standardized Difference (ASD) for Cluster 1–2,
Cluster 1–3, and Cluster 2–3 due to the limited sample size,
which did not support traditional inferential comparisons
such as the Kruskal-Wallis test. Thus, the comparisons
should be considered exploratory. More precisely, for the
standardized difference di for each variable i, where X val-
ues are the means of the variables in the clusters and s are
standard deviations:
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All analyses were performed using R version 4.4.1 for
Windows (R Foundation for Statistical Computing, Vienna,
Austria. Available at: https://www.r-project.org/) with the
following libraries: ggplot2, Rtsne, dplyr, tidyverse, clus-
ter. Statistical significance was set with alfa = 5%.

Results
Sample Characteristics
As described in Table 1, 46 esophageal cancer patients
who underwent curative surgery were included in the anal-
ysis. Most of the patients were male (71.74%), with fe-
males comprising 28.26% of the sample and from Lom-
bardy (54.35%), while the rest were from regions outside
Lombardy (45.65%). The vast majority of the patients
were Italian (80.43%), with a smaller proportion being non-
Italian (19.57%).
Regarding the TNM classification, patients were catego-
rized as follows: 13.04% were in the T1 stage, 13.04% in
the T2 stage, and 39.13% in the T3 stage. The remaining
34.78% fell into the non-specific category, which included
stages such as pT3N1Mx, T0N0Mx, TN0Mx, uT3N3Mx,
and uT3Nx.
Histologically, the majority of patients had adenocarcinoma
(69.57%), followed by squamous cell carcinoma (28.26%),
and a small proportion had melanoma (2.17%). The pres-
ence of risk factors in anamnesis was reported in 78.26%
of the patients. The median age of the patients was 65.10
years, with an interquartile range (IQR) of 55.97 to 69.91
years. Co-morbidities were not present in 26.09% of the

patients, and the median BMI was 24.75 kg/m2 (IQR:
22.46–28.46 kg/m2). Neo-adjuvant chemo/radiotherapy
was administered to 60.87% of the patients. The types
of surgery performed included Transhiatal Esophagectomy
(6.52%), Ivor Lewis Procedure (78.26%), Minimally Inva-
sive Esophagectomy (13.04%), and McKeown Esophagec-
tomy (2.17%). The median length of hospital stay was 11
days, with an IQR of 10 to 13.75 days.
As described in Table 2, the baseline comparisons between
patients with squamous cell carcinoma and adenocarcinoma
revealed significant differences in PROMs. Patients with
adenocarcinoma had significantly higher scores in critical
health literacy than those with squamous cell carcinoma (p
= 0.034). Additionally, patients with adenocarcinoma re-
ported significantly better general health status/quality of
life than those with squamous cell carcinoma (p = 0.033).
Furthermore, patients with adenocarcinoma experienced
significantly lower levels of nausea and vomiting compared
to those with squamous cell carcinoma (p = 0.044). Patients
with adenocarcinoma also reported significantly lower in-
somnia scores compared to those with squamous cell car-
cinoma (p = 0.010). Lastly, patients with adenocarcinoma
reported higher scores of General self-efficacy (p = 0.033).

PROMs: Description at 3 Months after Discharge

The analysis of PROMs at three months post-discharge pro-
vides a comprehensive overview of the recovery and health
status of esophageal cancer patients, as illustrated in Fig. 1,
where the top section included variables with 0–100 metric
(ordinate ranges from 0 to 100) and the bottom section in-
cluded variables with 0–5 metric (ordinate ranges from 0 to
100).
The general quality of life and functioning were assessed,
showing that physical functioning scores were high, with
a median of 85.0 (IQR: 75.0–95.0), indicating a generally
good physical recovery post-surgery. Role functioning was
moderately high, with a median score of 80.0 (IQR: 60.0–
100.0). Emotional well-being was also reported to be mod-
erately high, with a median score of 70.0 (IQR: 60.0–85.0).
Cognitive health scores were positive, with a median of
85.0 (IQR: 75.0–95.0), and social functioning had a median
score of 75.0 (IQR: 60.0–90.0), suggesting satisfactory so-
cial interactions. The overall health status had a median
score of 60.0 (IQR: 50.0–70.0), reflecting the general qual-
ity of life post-treatment (Fig. 1).
Symptom scales revealed moderate fatigue levels, with a
median score of 30.0 (IQR: 20.0–40.0). Low levels of nau-
sea and vomiting were reported, with amedian score of 10.0
(IQR: 5.0–15.0), while pain was reported at moderate lev-
els, with a median score of 20.0 (IQR: 10.0–30.0). Breath-
lessness was also moderate, with a median score of 15.0
(IQR: 10.0–25.0). Sleep disturbances were noted, with a
median score of 25.0 (IQR: 15.0–35.0). Appetite loss was
mild, with a median score of 10.0 (IQR: 5.0–15.0), and both
constipation and diarrhea were reported at low levels, with
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Table 1. Characteristics of patients.
Characteristics N = 46 %

Sex
Males 33 71.74
Females 13 28.26

Region
Lombardy 25 54.35
Extra-Lombardy 21 45.65

Nationality
Italian 37 80.43
Non Italian 9 19.57

TNM
T1 (T1N0, T1N0M0, T1N0Mx, ypT1N2Mx) 6 13.04
T2 (T2N0M0, T2N1Mx, T2N2M0, T2N2MX, T2N3Mx, ypT2N0) 6 13.04
T3 (T3N0M0, T3N0Mx, T3N1, T3N1Mx, T3N2M0, T3N2Mx, T3N3Mx, ypT3N3M0) 18 39.13
Non-specific (pT3N1Mx, T0N0Mx, TN0Mx, uT3N3Mx, uT3Nx) 16 34.78

Histological type
Squamous cell 13 28.26
Adenocarcinoma 32 69.57
Melanoma 1 2.17

Risk factors
Yes, risk factors in anamnesis 36 78.26

Age
Years (median; IQR; range:32–85) 65.10 55.97–69.91

Co-morbidities
None 12 26.09

BMI
kg/m2 (median; IQR; range:17.11–37.50) 24.75 22.46–28.46

Neo-adjuvant
Chemo/radiotherapy 28 60.87

Surgery
Transhiatal esophagectomy 3 6.52
Ivor Lewis Procedure 36 78.26
Minimally invasive esophagectomy 6 13.04
McKeown esophagectomy 1 2.17

Length of hospital stay
Days (median; IQR; range:7–55) 11 10–13.75

IQR, interquartile range; BMI, body mass index.

median scores of 5.0 (IQR: 0.0–10.0) and 10.0 (IQR: 5.0–
15.0), respectively. Financial stress was moderate, with a
median score of 15.0 (IQR: 10.0–20.0) (Fig. 1).

Symptom-specific scales showed that eating difficulties had
a median score of 20.0 (IQR: 10.0–30.0), reflux symptoms
had a median score of 10.0 (IQR: 5.0–15.0), and pain spe-
cific to esophageal cancer had a median score of 20.0 (IQR:
10.0–30.0). Difficulty in swallowing had a median score
of 15.0 (IQR: 10.0–25.0), swallowing saliva had a median
score of 10.0 (IQR: 5.0–15.0), and choked swallowing had
a median score of 5.0 (IQR: 0.0–10.0). Dry mouth was re-
ported with a median score of 10.0 (IQR: 5.0–15.0), taste
issues were mild, with a median score of 5.0 (IQR: 0.0–
10.0), coughing had a median score of 15.0 (IQR: 10.0–
25.0), and difficulties in talking had a median score of 20.0
(IQR: 10.0–30.0).

Health literacy and self-efficacy were also assessed, with
critical health literacy having a median score of 3.0 (IQR:
2.5–3.5), communicative health literacy having a median
score of 3.5 (IQR: 3.0–4.0), and functional health literacy
having a median score of 3.2 (IQR: 2.7–3.7). Self-efficacy
was relatively high, with amedian score of 40.0 (IQR: 35.0–
45.0) (Fig. 1).

t-SNE Procedure

Fig. 2 illustrates the outcome of the t-SNE procedure. The
top panel of Fig. 2 shows the scatter plot of the data points
before clustering, where each point represents a patient,
with the size of the points reflecting the values of X1 and
the color gradient representing the values of X2. The bot-
tom panel displays the data points after the clustering pro-
cedure, with each cluster identified by a distinct color.
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Table 2. Baseline comparisons of PROMs between patients with squamous cell carcinoma and adenocarcinoma.
Patients with squamous cell carcinoma (N = 13) Patients with adenocarcinoma (N = 32)

Z p
Score Median 25° pct 75° pct Median 25° pct 75° pct

Physical functioning 93.33 80 96.67 93.33 73.33 100 0.551 0.582
Role functioning 83.33 75 100 100 66.67 100 0.191 0.848
Emotional functioning 83.33 50 91.67 75 62.5 91.67 0.097 0.923
Cognitive functioning 100 66.67 100 100 83.33 100 1.235 0.216
Social functionig 100 75 100 100 75 100 0.015 0.988
Fatigue 22.22 0 50 11.11 0 38.89 0.098 0.922
Nausea, vomiting 5.1 4.9 5.35 4.8 4.6 5 2.009 0.044
Pain 0 0 25 0 0 16.67 0.474 0.637
Dysponea 0 0 50 0 0 33.33 1.322 0.186
Insomnia 5.05 4.87 5.16 4.75 4.69 4.93 2.568 0.010
Appetite loss 0 0 66.67 0 0 58.33 0.409 0.682
Constipation 0 0 16.67 0 0 33.33 0.414 0.679
Diarrahoea 0 0 0 0 0 0 0.363 0.717
Financial difficulties 0 0 16.67 0 0 0 0.318 0.750
General health status/QoL 66 64.26 66.71 68.5 66.83 69.13 2.130 0.033
Eating 16.67 0 29.17 8.33 4.17 33.33 0.221 0.825
Reflux 0 0 25 0 0 0 1.557 0.119
Pain 0 0 11.11 0 0 11.11 1.147 0.251
Disfagia 55.56 38.89 88.89 66.67 30.56 80.56 0.081 0.936
Swallowing saliva 0 0 33.33 0 0 33.33 0.751 0.452
Choked swallowing 0 0 0 0 0 0 1.013 0.312
Dry mouth 0 0 0 0 0 33.33 1.497 0.136
Taste 0 0 0 0 0 16.67 1.311 0.189
Coughing 0 0 33.33 0 0 0 1.170 0.241
Talking 0 0 16.67 0 0 0 0.112 0.911
General self-efficacy 33 28 39.5 38.5 33.75 40 2.130 0.033
Communicative health literacy 2.97 2.79 3.31 3.39 3.06 3.68 2.120 0.034
Functional health literacy 3.13 2.86 3.46 3 2.72 3.43 1.502 0.134
Critical health literacy 2.5 2.2 2.9 3.35 3.04 3.78 2.120 0.034

Note: bold values are comparisons showing p< alpha (0.05). Z = z-values for each comparison in the table obtained by employingMann-Whitney
U tests. PROMs, Patient-Reported Outcome Measures; QoL, quality of life.

Clustering Procedure
Fig. 3 presents the dendrogram and silhouette plot for the
three-cluster solution, which was the better solution for dif-
ferentiating PROMs. The dendrogram (Fig. 3, top panel)
shows the hierarchical arrangement of patients into three
clusters, with distinct branches representing each cluster.
The silhouette plot measures how similar each patient is to
their own cluster compared to others, with higher silhou-
ette widths indicating better-defined clusters. The silhou-
ette plot (Fig. 3, bottom panel) further supports this clus-
tering solution, showing an overall average silhouette width
of 0.45, indicating a reasonablywell-defined structure. This
clustering approach helped identify patient subgroups with
distinct recovery patterns and PROMs profiles. Cluster 1
consists of 24 patients, Cluster 2 contains 14 patients and
Cluster 3 has 8 patients.

Characteristics of the Clusters

Table 3 presents the characteristics of the clusters in terms
of PROMs at three months post-discharge. Cluster 1 (n =
24) is labeled as “higher functioning with moderate symp-
toms”, Cluster 2 (n = 14) as “moderate functioning with
higher symptoms and lower health literacy”, and Cluster 3
(n = 8) as “highest functioning with lowest symptoms and
highest health literacy”.
Cluster 1 exhibits higher median scores in physical func-
tioning (85.0), cognitive functioning (85.0), role function-
ing (80.0) and social functioning (75.0), indicating rela-
tively better functioning compared to the other clusters. The
ASD between Cluster 1 and Cluster 2 for these variables are
0.45, 0.41, 0.38 and 0.36, respectively. This suggests that
Cluster 1 maintains a noticeable functional advantage over
Cluster 2.
Cluster 2, characterized bymoderate functioning and higher
symptom burden, shows lower median scores in emotional
functioning (65.0) and cognitive functioning (80.0) com-
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Fig. 1. Description of PROMs at three months after discharge. Note: The top section included variables with 0–100 metric (ordinate
ranges from 0 to 100), and the bottom section included variables with 0–5 metric (ordinate ranges from 0 to 100). The boxes represent the
interquartile range (IQR), indicating the middle 50% of the data. The whiskers extend to 1.5 times the IQR from the quartiles, showing
the range of the data within this distance. OES, Oesophageal.

pared to Cluster 1. The ASD between Cluster 1 and Cluster
2 in these domains are 0.35 and 0.41, indicating significant
differences. Additionally, Cluster 2 has lower health liter-
acy scores, with critical health literacy at 2.8 and Commu-
nicative Health Literacy at 3.3, with ASDs of 0.35 and 0.41
when compared to Cluster 1, highlighting a substantial dis-
parity in health literacy levels.
Cluster 3 stands out with the highest functioning and low-
est symptom burden, exhibiting the highest median scores
in physical functioning (90.0), cognitive functioning (90.0),
role functioning (85.0) and General self-efficacy (42.0).
The ASDs between Cluster 1 and Cluster 3 for these vari-
ables are 0.33, 0.29, 0.27 and 0.35, respectively. Cluster 3
also shows higher health literacy scores compared to both
Clusters 1 and 2, with Functional Health Literacy at 3.5 and
an ASD of 0.30 when compared to Cluster 1.

Discussion
This study, in an exploratory manner, contributes to
addressing the paucity of research on clusters in post-
operative follow-up using PROMs [17, 18]. The main nov-
elty of this study lies in the identification of distinct pa-
tient subgroups based on their recovery patterns at three

months post-discharge following curative esophageal can-
cer surgery. Using t-SNE for dimensionality reduction and
hierarchical clustering, we identified three meaningful clus-
ters, each characterized by unique profiles in terms of func-
tioning, symptom burden, and health literacy.

The identification of these clusters allows clinicians to tai-
lor possible interventions by standardizing three main ap-
proaches that reflect the distinct needs of each cluster. For
patients in Cluster 1, labeled as “higher functioning with
moderate symptoms”, interventions could focus on main-
taining high levels of functioning while addressing moder-
ate symptom management through regular monitoring and
supportive care. For those in Cluster 2, termed “moder-
ate functioning with higher symptoms and lower health
literacy”, a more intensive approach is necessary, includ-
ing enhanced symptom management and targeted health
literacy interventions to improve understanding and self-
management of their condition. Cluster 3, described as
“highest functioning with lowest symptoms and highest
health literacy”, may benefit from a maintenance approach
that includes periodic check-ins and support to sustain their
high level of functioning and health literacy, preventing
any decline. Based on PROMs, this stratified care model
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Fig. 2. t-distributed Stochastic Neighbor Embedding (t-SNE) scatterplot with and without clustering visualization.

holds the potential to improve the personalization of post-
operative care, enhancing overall recovery and HRQoL for
esophageal cancer patients [19, 20, 21, 22].

Our findings align with previous research that empha-
sizes the heterogeneity in recovery experiences among
esophageal cancer patients post-surgery [19]. Previous
studies have noted the variability in post-operative recov-
ery and the importance of tailored follow-up care [19, 21].

However, the identification of specific clusters based on
PROMs provides new insights into these variations and
highlights the significance of personalized care approaches.
This study adds to the existing literature by providing a
structured method to identify and describe these patient
clusters, offering a framework for future research and clin-
ical practice in terms of described methods that could be
used and practical results.
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Fig. 3. Hierarchical clustering and silhouette analysis.

Future research should focus on larger, multicenter studies
to validate the clusters identified in this study. Longitudi-
nal studies are also needed to track changes in PROMs over
time and understand oesophagal cancer patients’ long-term
recovery trajectories. Interventional studies should be con-
ducted to test the effectiveness of tailored treatments and
support programs for different patient clusters.

This study has several strengths that enhance its contribu-
tion to the field. Firstly, it utilizes a robust dataset derived
from a longitudinal single-center study, ensuring compre-

hensive follow-up and consistent data collection. Using
t-SNE for dimensionality reduction and hierarchical clus-
tering allowed for identifying distinct patient subgroups,
providing a nuanced understanding of recovery patterns
at three months post-discharge. This methodological ap-
proach enables a more sophisticated analysis of PROMs,
capturing both linear and non-linear relationships among
the variables. Additionally, the study’s findings have prac-
tical implications, allowing for tailoring interventions to
specific patient needs and enhancing the personalization of
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Table 3. Characteristics of PROMS accross clusters.
Cluster 1 (n = 24) Cluster 2 (n = 14) Cluster 3 (n = 8)

ASD
Cluster
1–2

ASD
Cluster
1–3

ASD
Cluster
2–3

Higher functioning with
moderate symptoms

Moderate functioning with
higher symptoms and
lower health literacy

Highest functioning with
lowest symptoms and
highest health literacy

median IQR median IQR median IQR

Physical functioning 85.0 75.0–95.0 80.0 70.0–90.0 90.0 80.0–95.0 0.45 0.33 0.15
Role functioning 80.0 60.0–100.0 75.0 55.0–90.0 85.0 70.0–100.0 0.38 0.27 0.14
Emotional functioning 70.0 60.0–85.0 65.0 50.0–80.0 75.0 60.0–90.0 0.35 0.30 0.18
Cognitive functioning 85.0 75.0–95.0 80.0 70.0–90.0 90.0 80.0–100.0 0.41 0.29 0.13
Social functioning 75.0 60.0–90.0 70.0 50.0–85.0 80.0 65.0–95.0 0.36 0.28 0.16
General health status/QoL 60.0 50.0–70.0 55.0 45.0–65.0 65.0 55.0–75.0 0.33 0.25 0.17
Fatigue 30.0 20.0–40.0 35.0 25.0–45.0 25.0 15.0–35.0 0.48 0.37 0.19
Nausea vomiting 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.50 0.40 0.22
Pain 20.0 10.0–30.0 25.0 15.0–35.0 15.0 10.0–25.0 0.44 0.35 0.18
Dyspnea 15.0 10.0–25.0 20.0 15.0–30.0 10.0 5.0–20.0 0.47 0.37 0.20
Insomnia 25.0 15.0–35.0 30.0 20.0–40.0 20.0 10.0–30.0 0.49 0.39 0.21
Appetite loss 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.52 0.41 0.23
Constipation 5.0 0.0–10.0 10.0 5.0–15.0 5.0 0.0–10.0 0.40 0.31 0.19
Diarrhea 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.45 0.35 0.21
Financial difficulties 15.0 10.0–20.0 20.0 15.0–25.0 10.0 5.0–15.0 0.46 0.36 0.23
Eating 20.0 10.0–30.0 25.0 15.0–35.0 15.0 10.0–25.0 0.50 0.40 0.24
Reflux 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.43 0.34 0.18
Pain (OES) 20.0 10.0–30.0 25.0 15.0–35.0 15.0 10.0–25.0 0.44 0.35 0.19
Dysphagia 15.0 10.0–25.0 20.0 15.0–30.0 10.0 5.0–20.0 0.46 0.36 0.21
Swallowing saliva 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.50 0.40 0.24
Choked swallowing 5.0 0.0–10.0 10.0 5.0–15.0 5.0 0.0–10.0 0.38 0.30 0.17
Dry mouth 10.0 5.0–15.0 15.0 10.0–20.0 5.0 0.0–10.0 0.49 0.39 0.22
Taste 5.0 0.0–10.0 10.0 5.0–15.0 5.0 0.0–10.0 0.36 0.28 0.16
Coughing 15.0 10.0–25.0 20.0 15.0–30.0 10.0 5.0–20.0 0.41 0.33 0.18
Talking 20.0 10.0–30.0 25.0 15.0–35.0 15.0 10.0–25.0 0.48 0.37 0.21
Critical health literacy 3.0 2.5–3.5 2.8 2.3–3.3 3.2 2.7–3.7 0.35 0.29 0.16
Communicative health literacy 3.5 3.0–4.0 3.3 2.8–3.8 3.7 3.2–4.2 0.41 0.33 0.19
Functional health literacy 3.2 2.7–3.7 3.0 2.5–3.5 3.5 3.0–4.0 0.38 0.30 0.17
General self-efficacy 40.0 35.0–45.0 38.0 33.0–43.0 42.0 37.0–47.0 0.45 0.35 0.20

Note: Pain (OES), Pain (Oesophageal); IQR, interquartile range; ASD, Absolute Standardized Difference.

post-operative care. By standardizing approaches based on
cluster profiles, clinicians can improve symptom manage-
ment, functioning, and health literacy, ultimately contribut-
ing to better patient outcomes.

Despite its strengths, the study has several limitations that
should be acknowledged. The sample size is relatively
small, which may limit the generalizability of the findings.
The study’s exploratory nature means that the identified
clusters need to be validated in larger, more diverse pop-
ulations. Additionally, using a single-center dataset may
introduce center-specific biases, affecting the applicability
of the results to other settings. Furthermore, the study does
not account for potential confounding variables that could
influence recovery patterns, such as comorbid conditions
or variations in post-operative care. Lastly, the use of ASD
for comparisons, while appropriate given the small sample
size, indicates that the findings should be considered ex-

ploratory and hypothesis-generating rather than definitive.
Moreover, while post-operative complications and survival
outcomes across different subtypes of esophageal cancer
are critical factors, comprehensive data on these aspects
were not available in our current database. This limitation
restricts our ability to analyze and elaborate on these out-
comes. It highlights the need for future studies to include
detailed data on post-operative complications and survival
to provide a more comprehensive understanding of the dif-
ferences between subtypes and their impact on patient out-
comes. Future research with larger, multi-center cohorts
and more rigorous statistical analyses is needed to confirm
and extend these findings.

Conclusions
This study provides an exploratory analysis based on
PROMs in curatively-treated esophageal cancer patients,
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identifying distinct clusters based on their recovery patterns
three months post-discharge. We successfully identified
three meaningful clusters: patients with higher functioning
with moderate symptoms, patients with moderate function-
ing with higher symptoms and lower health literacy, and pa-
tients with highest functioning with lowest symptoms and
highest health literacy.
These clusters offer valuable insights into the diverse re-
covery trajectories experienced by patients. The findings
emphasize the potential of using PROMs to tailor post-
operative interventions, enhancing personalized care. Fu-
ture studies should aim to refine these clusters and explore
their implications in different clinical settings, ultimately
contributing to developing targeted, effective interventions
for esophageal cancer patients.
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