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Abstract 
Background: Improvements in the treatment of breast-cancer has the positive effect on survivorship, this results in 
a group of patients where breast cancer has evolved from an acute life-threatening illness into a more chronic 
health state [1] and side- and adverse effects persist over longer periods of time. Knowledge is as of yet limited 
within the Dutch population as long-term and late effects [2]. This studies compares available medical records of 
Ziekenhuis Groep Twente (ZGT) and Medisch Spectrum Twente (MST) and the Comprehensive Cancer Organization 
(IKNL) to research the incidence of these long-term and late effects after different breast cancer therapies. 
Method: A cohort study is performed existing of three cohorts. The data is retrospectively collected, ordered and 
compared for occurrence of late effects 10-15 years after different breast cancer therapies. These breast cancer 
therapies are represented by the control group cohort 1, which received mastectomy, cohort 2 that received 
breast conserving therapy and radiotherapy of the breast, and cohort 3 that received breast conserving therapy, 
radiotherapy of the breast, and chemotherapy with or without immunotherapy (Trastuzumab) with or without 
hormone therapy (Tamoxifen/Aromatase inhibitor) or hormone therapy alone. Data analysis is performed to 
investigate the influence of treatment on the occurrence of late adverse effects. Analysis is done by creating 
confounder adjusted Cox-regression hazard ratios, and Kaplan-Meier analysis. 
Results: Ten years post-surgery, cohort 2 and 3 show increased occurrence of fatigue and lymphedema of the arm 
compared to the control group. Cohort 1 had significantly more occurrences of bowel/anal diseases than cohort 2 
and 3, while the latter cohorts have an added risk for the development of these adverse effects due to more 
extensive adjuvant therapy. Neurological, pulmonal and cardiological adverse effects did not show any correlation 
between their respective prevalence of adverse effects and treatments.  
Conclusion: This study did find evidence for significant differences in outcomes, some are expected while other 
were remarkable. To increase the quality of informed decisions by patient and healthcare alike, further research is 
required by increasing population sample and the addition of Patient reported outcome measures (PROMs). 
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Introduction 
 

Cancer is becoming more commonplace; in 1989 56,000 patients were newly diagnosed with cancer in the 
Netherlands compared to 116,000 patients in 2018 an increase of 107.14 %. In 2018 a variety of cancers occur, 
with breast cancer accounting for 26.6 % of the total cancer occurrences [3].  
 
Since 1989 the incidence of breast cancer has risen with approximately 50% while the population has grown with 
approximately 16.1 % [4] [5]. There has also been an increase in prevalence of breast cancer within the Dutch 
population due to improved treatment and the implementation of population screening [6]. Part of the increased 
prevalence is due to increased treatment options and efficacy, which can be seen as a positive development. This 
increased survivorship does create more breast cancer survivors, where breast cancer is evolving from an acute 
life-threatening illness into a rather more chronic condition health state [1]. This might also imply that the 
presence of adverse effects due to treatment persists over longer periods of time.  
 
Many of these adverse effects are due to the treatment of breast cancer. Part of these adverse effects can be 
attributed to primary treatment such as mastectomy or breast conserving surgery, these treatments are 
comparable in survival outcomes but breast conserving therapy results in less mental disorders such as depression 
[7] [8] [9]. In addition to these primary treatments a staging procedure can be carried out such as sentinel lymph 
node dissection (SLND) with or without an axillary lymph node dissection (ALND), which are known to cause 
adverse effects such as lymphedema of the arm and shoulder function [10] [11] [12].Studies have shown that 
adjuvant treatments such as chemotherapy and hormone therapy are effective and increase survival but also 
increase cardiac toxicity [13], risk of cardiovascular diseases [14], exert detrimental effects on skeletal health and 
increase fracture risk [15]. Radiotherapy has proven its efficacy but also increases the risk of moderate to severe 
fibrosis [16] and the exposure of ironizing radiation to the heart increases the subsequent rate of ischemic heart 
disease [17].  
 
Globally these adverse effects of treatment are known to manifest many years after primary treatment.  
Knowledge is as of yet limited within the Dutch population about these late adverse effects [2]. The aim of this 
study is to identify the risk factors that breast-cancer treatments pose on late effects. To answer this question as 
accurately as possible, cohorts have been created. These Cohorts are comprised of common treatment 
combinations. These combinations comprise of the type of surgery, adjuvant radiation therapy and adjuvant 
systemic therapy (see figure 1). A total of 168 patients are included, of which data is collected at the hospitals 
Ziekenhuis Groep Twente (ZGT) and Medisch Spectrum Twente (MST) and the Comprehensive Cancer Organization 
(IKNL) to create an unique database within the Netherlands. This database will contain information on medical 
history, current medical management and outcomes of patients who received treatment for breast cancer. This 
database provides unique opportunities due to the time these patients have received follow-up over a minimum 
period of 10 years.  
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Methods 
This study will take into account a wide spectrum 
of possible late treatment associated morbidity, 
divided under the categories of general effects, 
neurological effects, pulmonal effects and 
cardiological effects. The data is subsequently 
collected, ordered and compared for incidences of 
late effects till 10-15 years after different breast 
cancer therapies. These breast cancer therapies 
are represented by 3 cohorts (see figure 1) which 
all underwent surgery with an axillary staging 
procedure sentinel lymph node dissection (SLND) 
or an axillary lymph node dissection (ALND). 
Statistical analysis consists of the comparison of 
occurrence of adverse effects, creation of Kaplan-
Meier event free survival and hazard ratios 
created through Cox-regression. 

 
 
 

 

Patient data collection 
Patients are identified at 2 hospitals, ZGT and MST having been treated for breast cancer between 2003-2009. 
Demographic, Medical history, health risks and health status data of patients are obtained by reviewing patient’s 
medical records within the databases of ZGT and MST. Patients from all cohorts are checked for eligibility based on 
the following criteria: 

- a minimum 10 years survival or follow-up 
- did not receive radiotherapy of adjuvant systemic therapy for other primary malignancies during the 

period between primary treatment for breast cancer and 10 years after with the exception of basal cell 
carcinoma and squamous cell carcinoma of the skin treated with local radiation therapy 

- did not receive radiotherapy and / or adjuvant systemic before primary breast cancer treatment with the 
exception of basal cell carcinoma and squamous cell carcinoma of the skin treated with local radiation 
therapy 

- no local of regional recurrence or occurrence of metastases or contralateral breast cancer during the 
period between primary treatment for breast cancer and 10 years after 

 
After the eligibility check data was collected with outcome measures ranging from binary, continuous to time to 
event. Time to event is calculated by subtracting the primary treatment time from the event time. Data on the 
effects was collected in three time periods: t0 is the time during primary treatment which contains different length 
of time due to the type of treatments. This is done to differentiate the acute adverse effects by the treatment from 
the late effects, the more comprehensive the treatment the longer t0. Cohort 3 is an exception as it contains two 
t0, as patient can additionally receive chemo therapy which lengthens t0 to 12 months opposed to 6 months. For 
t1 time is the 10 years after t0, and t2, which is follow-up at 10+ years which registers the presence and degree of 
severity of the effects 10 years or more after t0. The primary endpoint is defined as the time of surgery to last 
follow-up or death.  

Cohorts Figure 1 

Cohort 1 is included as control-group, patients associated with 
this cohort have undergone a mastectomy and axillary staging 
procedure (SLND or ALND) without further therapy 

 
Cohort 2 contains breast cancer patients that received breast-
conserving surgery, axillary staging procedure (SLND or ALND) 
and radiation therapy. Radiation therapy consists of whole breast 
radiation therapy which can be augmented with a boost. 

 
Cohort 3 received the most comprehensive treatment consisting 
of breast-conserving surgery, axillary staging procedure (SLND or 
ALND), radiation therapy, adjuvant systemic treatment. Radiation 
therapy consists of whole breast radiation therapy which can be 
augmented with a boost. Systemic treatment consists of chemo 
therapy with or without immunotherapy (=Trastuzumab, in case 
of her-2 positive breast cancer) and/or hormone therapy. Chemo 
therapy can include AC (Adriamycin and cyclophosphamide) or 
FEC (fluorouracil, epirubicin and cyclophosphamide) regimen. 
Hormone therapy include treatment with Tamoxifen and/or 
aromatase inhibitors (arimidex, letrozole). 
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The Hospital databases were used to obtain baseline characteristics of patients at time t0 on age, Body mass index 
(calculated from height and weight), smoking history, number of used medications, the presence of hypertension, 
hypercholesterolemia, diabetes mellitus. In time-period t1 and t2 outcome variables are collected which contains 
incidence of health effects and health status of the patients. The number of variables collected is larger than the 
number of variables included within the study. Covariates are included in the study on the basis of association with 
the outcome, changing the cause-specific hazard of the outcomes.  
 
The data was obtained from multiple data sources within the hospital databases such as: laboratory tests (Blood 
tests, Urine tests), medical imaging reports (X-ray, CT-scan, MRI-scan, Dexa-scan), reports by healthcare 
professionals and hospital correspondence. All included variables are presented within the results and all collected 
variables can be viewed within appendix A. The data was collected between 06-2020 and 09-2020. 

 

Statistical analysis 
Descriptive analysis is performed to observe the patient’s demographic characteristics and pre-existent risk factors 
at the time of primary treatment t0 as seen in table 1.  
 
These included variables were then evaluated on their distribution differences, a one-way three-level ANOVA is 
used to evaluate differences in continuous variables, Kruskal Wallis test was used for non-normal distributed 
continuous variables and chi-square test to evaluate differences of categorical variables. The data is inspected for 
homogeneity of the variables between cohorts, heterogenic variables which is sufficiently significant at a cut-off 
point of 0.05 p-value are included to adjust Cox-regression hazard ratios for potential confounding. 
 
Incidence of all adverse effects are compared between cohorts, and between sub cohorts on receiving the 
treatment Axillary lymph node dissection (ALND) or Sentinel lymph node dissection (SLND). The extra sub cohorts 
are included as the treatments ALND and SLND are known risk factors for lymphedema of the arm and impaired 
shoulder movement [18]. Appendix A shows all descriptive data, it contains all gathered variables and it also 
contains variables which are not taken into account in the analysis. These variables are excluded due to their low 
prevalence and the high amount of variability of the values, this would require a larger number of patients to 
improve statistical power and generate statistically significant results.   
 
Using the Kaplan-Meier method, event-free survival (EFS) of the cohorts was assessed separately in t1 and 10+ 
years (t2), and shown in a landmark analysis. EFS is created using time between adverse effects and surgery time 
of each patient. Several acute adverse effects can contain multiple points in time where an effect occurs, such as 
Pneumonias. The time of the first event is used to calculated the time between adverse effect and surgery time. OS 
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is created using endpoint death and the censoring of patients at date of last follow-up. To compare the survival 
distributions between cohorts of DFS and OS, a Mantel-Cox test is performed.  
 
Adjusted and unadjusted hazard ratios are created with a cox-regression analysis to determine the influence of 
each cohort on all adverse effects in t1 and t2 as the cohorts represent different treatment combinations. These 
hazard ratios are created by using time till adverse effects as underlying time scale. Multivariate hazard ratios are 
created for adverse effects that are affected by confounding variables by including additional relevant patient’s 
demographics and pre-existent risk factors. For the variable to qualify to be a relevant risk factor, it first has to be 
statistically significantly (P-value < 0.10) different between the three cohorts. Then the influence will be checked to 
be significantly influential (P-value < 0.10) via a univariate cox regression model. When the significance is reached a 
second multivariate model will be made including the adverse effect and relevant variable. 
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Results 
Baseline characteristics of Study Cohorts 
Baseline characteristics of patients are shown in table 1. A total number of 168 patients are included of which 57 
(33.9%) in cohort 1, 55 (32.7%) in cohort 2 and 56 (33.3%) in cohort 3. Four characteristics are shown to be 
statistically significantly (P-value < 0.10) different between the 3 cohorts. Cohort 3 shows a significantly lower 
average age at the time of surgery compared to cohort 2 and 3, and a wider spread of ages. Cohort 3 also has a 
significantly lower number of patients with hypercholesterolemia at t0 compared to cohort 2 and 3. Usage of 
medication at the time of surgery is also significantly different, as the average number is equivalent but the spread 
is wider for cohort 2. The mean follow-up years show little difference but the difference (p-value of 0.053) is 
created due to the spread of the range, as cohort 1 shows a wider range than cohort 2 and 3. 

 
Table 1. Baseline characteristics of the cohort populations at t0 

Characteristics 
Cohort 1 
(Mastectomy) (n=57) 

Cohort 2 (BCS + 
RT) (n=55) 

Cohort 3 (BCS + 
RT + Adj) (n=56) 

P-value 

Age (Mean ± SD) 59.47 ± 9.06 60.13 ± 8.49 55.82 ± 12.54 0.058 

BMI (Mean ± SD) 26.99 ± 5.56 27.87 ± 6.19 27.54 ± 4.86 0.737 

Smoking    0.316 

- non-smoker                                                    44 (77.2%) 38 (69.1%) 36 (64.3%)  

- smoker 13 (22.8%) 17 (30.9%) 20 (35.7%)  

Pack years (Median ± Q1 – Q3) 26 (19-38) 35 (17-45) 25 (13-32) 0.335 

Hypertension 21 (36.8%) 26 (47.3%) 23 (41.1%) 0.531 

Hypercholesterolemia 15 (26.3%) 12 (21.8%) 6 (10.7%) 0.100 

Diabetes mellitus 9 (15.8%) 7 (12.7%) 8 (14.3%) 0.898 

Number of used medications 
(Median ± Q1 – Q3) 

1 (0-2) 2 (1-4) 1 (0-2) 0.008 

Follow-up years (Q1 – Q3) 12.95 (11-15) 12.65 (12-14) 12.25 (11-13) 0.053 

Surgical treatment 

Lumpectomy + SLND 0 (0%) 8 (14.5%) 27 (48.2%)  

Lumpectomy + ALND 0 (0%) 47 (82.5%) 29 (51.8%)  

Mastectomy 1 (1.8%) 0 (0%) 0 (0%)  

Mastectomy + SLND 26 (45.6%) 0 (0%) 0 (0%)  

Mastectomy + ALND 30 (52.6%) 0 (0%) 0 (0%)  

Adjuvant treatment     

Hormone therapy 0 (0%) 0 (0%) 24 (42.9%)  

Chemotherapy 0 (0%) 0 (0%) 9 (16.1%)  

Hormone therapy + Chemotherapy 0 (0%) 0 (0%) 23 (41.1%)  
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Incidence of adverse effects 
Incidence of general adverse effects during t1 and t2 can be observed in table 2. Incidence of lymphedema of the 
arm is significantly different (p=0.002) ten-year post-surgery (during t2), as cohort 1 has 0 occurrences compared 
to cohort 2 with 2 (3.6%) and cohort 3 with 5 (8.9%). Fatigue is also significantly different (p<0.001) ten-year post-
surgery, as cohort 2 has 9 (16.4%) occurrences and cohort 3 has 8 (28.6%) compared to the 2 (3.5%) of cohort 1. 
Osteopenia is most occurring for cohort 3 at 14 (25%), then for cohort 1 at 7 (12.3%), and 3 (5.5%) for cohort 2 at a 
significant difference (p=0.011). Incidence of Bowel diseases is significantly different during both t1 (p=0.003) and 
t2 (p=0.016), and the incidence of Gastric diseases is significantly different during t1 (p=0.023). 
 

Table 2 . Occurrence of general adverse effects in t1 and t2 (ten-year post-surgery) 

Adverse effects 
Cohort 1 

(Mastectomy) 
(n=57) 

Cohort 2 (BCS 
+ RT) (n=55) 

Cohort 3 
(BCS + RT + Adj) 

(n=56) 
P-value 

Fatigue 15 (26.3%) 18 (32.7%) 16 (28.6%) 0.752 
Ten years post-surgery 2 (3.5%) 9 (16.4%) 8 (14.3%) <0.001 

Ulceration 2 (3.5%) 2 (3.6%) 3 (5.4%) 0.861 
Ten years post-surgery 0 (0%) 1 (1.8%) 2 (3.6%) 0.358 

Lymphedema of the arm 4 (7%) 5 (9.1%) 10 (17.9%) 0.156 
Ten years post-surgery 0 (0%) 2 (3.6%) 5 (8.9%) 0.002 

Breast/Thoracic pain 24 (42.1%) 31(56.4%) 26 (46.4%) 0.303 
Ten years post-surgery 16 (28.1%) 18 (32.7%) 10 (17.9%) 0.121 

Psychosocial problems 10 (17.5%) 9 (16.4%) 7 (12.5%) 0.741 
Ten years post-surgery 2(3.5%) 4 (7.3%) 2 (3.6%) 0.674 

Impaired shoulder mobility 8 (14.0%) 9 (16.4%) 7 (12.5%) 0.856 
Ten years post-surgery 1 (1.8%) 6 (10.9%) 5 (8.9%) 0.221 

Tissue necrosis 0 (0%) 3 (5.5%) 2 (3.6%) 0.225 
Ten years post-surgery 0(0%) 3 (5.5%) 2 (3.6%) 0.225 

Osteopenia 7 (12.3%) 3 (5.5%) 14 (25%) 0.011 
Osteoporosis 6 (10.5%) 9 (16.4%) 5 (8.9%) 0.445 
Osteopenia/Osteoporosis Ten 
years post-surgery 

13 (22.8%) 11 (20%) 7 (12.5%) 0.346 

Bowel/anal diseases 17 (29.8%) 21 (38.2%) 6 (10.7%) 0.003 
Ten years post-surgery 11 (19.3%) 4 (7.3%) 2 (3.6%) 0.016 

Gastric diseases 6 (10.5%) 11 (20%) 2 (3.6%) 0.023 
Ten years post-surgery 2 (3.5%) 2 (3.6%) 1 (1.8%) 0.646 

Rib fracture 3 (5.3%) 2 (3.6%) 0 (0%) 0.243 

 
Incidence of neurological adverse effects can be observed in table b1. The adverse effect concentration disorder is 
significantly different (p=0.043) during t1 as only cohort 2 has any occurrences (3, 5.5%). Incidence of Transient 
ischemic attack is also significantly different during t1 (p=0.028), as cohort 1 has 6 (10.5%) occurrences, cohort 2 
has 2 (3.65%) and cohort 3 has no occurrences. Table b2 presents the incidence of all pulmonal adverse effects 
during t1, and for t2 all adverse effects are clustered as one category. No significant differences between cohorts 
were observed for the pulmonal adverse effects. In table b3 the incidence of cardiological adverse effects can be 
observed. When specifically looking at the incidence of Angina pectoris during t1 it shows that it is significantly 
different (p=0.032), cohort 1 has 2 (3.5%) occurrences vs 7 (12.8%) for cohort 2 and 1 (1.8%) for cohort 3. 
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Event-free survival 
Event-free Survival (EFS) has been evaluated by the Kaplan-Meier method. EFS is defined as the end time of t0 till 
an event has taken place in t1 and/or t2. The analysis is shown in a landmark analysis which contains the EFS 
during t1 (0-10 years) and t2 (10+years). Appendix C contains all landmark analyses that were included due to 
possessing a cohort difference with a P-value < 0.10. 
 

General adverse effects 

In figure 3 a significant event-free survival difference for osteopenia can be observed during t1 between cohort 3 
and cohort 1 (p=0.047), and cohort 3 and cohort 2 (p=0.014). Cohort 1 and 2 have less occurrences for osteopenia 
than cohort 3. Figure c1 contains the EFS of Lymphedema of the arm, only t1 is shown due to the fact that there 
are no dates registered for the new occurrences for lymphedema of the arm during t2. During t1, Cohort 1 (p= 
0.095) and cohort 2 (p= 0.183) have less occurrences than cohort 3.  
 
Figure 3. Occurrence of osteopenia per cohort in t1 and t2 

 
 
Figure 4 shows the occurrence of breast/thoracic pain. Cohort 1 shows less occurrences during t1 and t2 than 
cohort 2 and 3. The differences remain the same but the strength of the difference weakens from t1 to t2. Figure 
c2 shows the EFS of gastric diseases; during t1 significant differences occurred between cohort 3 and cohort 1 
(p=0.094) and cohort 2 (p=0.044). During t2 this trend continued but did not achieve a p-value < 0.10. 
Figure c3 displays the EFS of Bowel/Anal diseases; a significant difference occurs during t1 as cohort 3 shows less 
occurrences of adverse effects compared to cohort 1 (p=0.075) and cohort 2 (p=0.001). This trend continues during 
t2 but does not achieve a p-value <0.10. 
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Figure 4. Occurrence of breast/thoracic pain per cohort in t1 and t2 

 

Neurological, Pulmonal and Cardiological adverse effects 
Neurological, pulmonal (see figure c4) and cardiological (see figure c5) adverse effects are analyzed in t1 per 
adverse effect and in t2 in clusters of each respective category, where neurological contains all neurological 
morbidities, pulmonal all pulmonal etc. Cardiological adverse effects was the only category that contained a 
statistically significant difference in EFS (p<0.10), as cohort 3 experienced a lower number of adverse effects during 
t2 than Cohort 1 (p=0.091) and cohort 2 (p=0.048).  
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Hazard ratios 
Hazard ratios are created using cox proportional hazards modelling. Events that occurred in either t1 or t2 were 
used to calculate the hazard ratios. The created models contain all cohorts, where cohort 1 acts as a control group 
and is noted as Referent. Some adverse effects may also have an adjusted score, which are included when a better 
fit of the model is achieved. Appendix D contains all complete Cox-regression tables. 
 
In table 3 the hazard ratios of general adverse effects can be observed. Osteopenia expresses a significantly 
increased hazard ratio (95%) in cohort 3 compared to cohort 1, the hazard ratio is unadjusted 2.69 (1.11 – 6.54) 
and while adjusted 2.61 (1.07 – 6.35). Bowel/anal diseases likewise shows a decreased hazard ratio in cohort 3 
compared to cohort 1 both unadjusted 0.32 (0.13 – 6.54) and adjusted 0.38 (0.15 – 0.97). 
 

Table 3. The association of cohorts with adverse effects in t1 and t2 

Adverse effects 
Cohort 1 Cohort 2 Cohort 3 

HR (95% CI) HR (95% CI) HR (95% CI) 

General adverse effects 

 Osteopenia Referent 0.72 (0.23 – 2.27) 2.69 (1.11 – 6.54) 

 Osteopenia d Referent 0.79 (0.25 – 2.53) 2.61 (1.07 – 6.35) 

 Osteoporosis Referent 1.60 (0.57 – 4.49) 0.85 (0.26 – 2.78) 

 Breast/thoracic pain Referent 1.40 (0.82 – 2.39) 1.00 (0.58 – 1.75) 

 Breast/thoracic pain b Referent 1.40 (0.82 – 2.38) 0.91 (0.52 – 1.60) 

 Gastric diseases Referent 1.92 (0.71 – 5.19) 0.32 (0.07 – 1.60) 

 Bowel/anal diseases Referent 1.35 (0.71 – 2.57) 0.32 (0.13 – 0.81) 

 Bowel/anal diseases c Referent 1.52 (0.79 – 2.93) 0.38 (0.15– 0.97) 

Neurological adverse effects 

 Cognitive disorder Referent 0.65 (0.23 – 1.82) 0.68 (0.24 – 1.92) 

 Cognitive disorder a b c Referent 0.68 (0.24 – 1.94) 1.11 (0.37 – 3.32) 

 Carpal tunnel syndrome Referent 0.72 (0.23 – 2.28) 0.28 (0.06 – 1.34) 

 Carpal tunnel syndrome d Referent 0.65 (0.21 – 2.10) 0.33 (0.07 – 1.61) 

Pulmonal adverse effects 

 Pneumonia Referent 1.58 (0.68 – 3.69) 0.59 (0.20 – 1.77) 

 Pneumonia b d Referent 1.43 (0.60 – 3.40) 0.70 (0.23 – 2.10) 

 Pleural fluid Referent 0.67 (0.26 – 1.77) 0.39 (0.26 – 1.77) 

 Pleural fluid b d Referent 0.60 (0.23 – 1.61) 0.49 (0.15 – 1.59) 

 Pulmonary fibrosis Referent 0.26 (0.03 – 2.31) 0.76 (0.17 – 3.40) 

 Pulmonary fibrosis b c d Referent 0.16 (0.02 – 1.46) 0.78 (0.16 – 3.80) 

 Pulmonary fibrosis b d Referent 0.20 (0.02 – 1.77) 1.09 (0.23 – 5.19) 

Cardiological adverse effects 

 Valvular heart disease Referent 0.46 (0.17 – 1.21) 0.47 (0.18 – 1.23) 

 Valvular heart disease a d Referent 0.44 (0.16 – 1.17) 0.53 (0.20 – 1.43) 

 Arrhythmia Referent 2.01 (0.69 – 5.89) 1.04 (0.30 – 3.60) 

 Arrhythmia a d Referent 2.00 (0.68 – 5.93) 1.31 (0.37 – 4.65) 
a Adjusted for Hypercholesterolemia 
b Adjusted for age of time of diagnosis 
c Adjusted for follow-up time 
d Adjusted for number of medications used at time of diagnosis 
 

The categories of neurological, pulmonal and cardiological adverse effects did not contain significant hazard ratios, 
there are however several hazard ratios that approach these bounds as seen in table 3 which might predict future 
significance. For neurological adverse effects, cohort 3 exhibits a decreased hazard ratio (95%Cl) of 0.28 (0.06 – 
1.34) for Carpal tunnel syndrome when unadjusted, and adjusted a hazard ratio of 0.33 (0.07 – 1.61). For pulmonal 
adverse effects, both cohort 2 and 3 exhibit decreased hazard ratios for pleural fluid both unadjusted and 
adjusted. For cardiological adverse effects, valvular heart disease shows that cohort 2 displays an unadjusted 
decreased hazard ratio (95%CI) of 0.46 (0.17 – 1.21) and adjusted 0.44 (0.16 – 1.17), and cohort 3 an unadjusted 
decreased hazard ratio of 0.47 (0.18 – 1.23) and adjusted 0.53 (0.20 – 1.43). 
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Discussion 
A modest study population with a median follow up of 13 years, a comprehensive list of adverse effects and 
baseline characteristics were used to evaluate the correlation between the treatments of the cohorts and adverse 
effects. Cohort 1 was used as control group and only underwent mastectomy as treatment, cohort 2 underwent 
breast conserving surgery with SLND or ALND staging and radiotherapy, cohort 3 underwent the most extensive 
treatment including breast conserving surgery with SLND or ALND staging, radiotherapy, systemic therapy and/or 
hormonal treatment (see figure 1). 10 years post-surgery, cohort 2 and 3 show increased occurrences of fatigue 
and lymphedema of the arm compared to the control group. For cohort 3 this outcome is in accordance with 
earlier studies [19] [20]. The outcome is however unexpected for cohort 2, as it did not undergo systemic adjuvant 
therapy which is a risk factor for late fatigue.  
 
Bowel diseases showed an unexpected outcome, during t2 cohort 1 had more occurrences of bowel/anal diseases 
than cohort 2 and cohort 3, while the latter cohort has a possible added risk for the development of these adverse 
effects due to more extensive adjuvant therapy. Partial adjustment was made to counteract known confounders, 
but our study could not account for all possible risk factors for bowel/anal diseases. Neurological, pulmonal and 
cardiological adverse effects did not show any correlation between their respective adverse effects and 
treatments.  
 

General adverse effects 

Fatigue 

Fatigue showed a significant difference in occurrence, more than ten years post-surgery; both cohort 2 and cohort 
3 have an increased occurrence of fatigue in t2. This could be attributed to their more extensive treatment 
compared to cohort 1, as adjuvant systemic treatment is known to contribute to increased fatigue after treatment 
[21] [20] [22] [23]. However, the outcome is unusual for cohort 2 as this group did not undergo systemic adjuvant 
therapy. Concrete evidence linking fatigue as a late effect to adjuvant treatment is difficult [21]. In the long follow-
up period, a large pool of confounders can be encountered [22] [19] [24]. Cox-regression analysis of Fatigue did 
not yield a significant hazard ratio, with or without adjustment for available relevant confounders.  
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Osteopenia/osteoporosis 

A higher risk of osteopenia can be observed for cohort 3 compared to cohort 1 and 2. This implies an increased risk 
for patients that underwent additional chemotherapy and hormone therapy, which is in line with earlier research 
[25] [26]. One would also expect osteoporosis to occur more in cohort 3, which is not the case. A possible 
explanation could be the presence of unaccounted confounders in this study, as there are numerous confounders 
identified in earlier studies [27] [28]. Influential characteristics not included are the use of synthetic 
glucocorticoids, the amount of dietary calcium intake and the amount of physical activity. Another explanation for 
the divergent outcome could be a false statistical significance due to the categorizing of the continuous variable, 
bone density into osteopenia and osteoporosis. Another explanation could be that patients which receive 
treatment with hormone therapy are more likely to receive screening for osteopenia and osteoporosis due to 
hormone therapy being a known risk factor, and receiving treatment sooner. While patients of cohort 1 and 2 have 
a lower chance of diagnosis, because diagnosis might happen only after symptoms become apparent. 
 

The unadjusted and adjusted hazard ratio for osteopenia is increased for cohort 3, which supports earlier found 
increased occurrence for cohort 3. The hazard ratio for osteoporosis does not yield any significant results. 

 
  

Lymphedema of the arm 

Lymphedema of the arm shows increased occurrences for both cohort 2 and 3 compared to cohort 1, of which only 
the differences during t2 are significant. The landmark-analysis shows that cohort 3 has significantly worse event-
free survival compared to cohort 1 and 2, which suggests that the treatment of cohort 3 influences the outcome 
during t1. This concurs with several earlier studies where both radio- and chemotherapy are a risk factor for the 
occurrence of lymphedema of the arm [10] [29]. Cox-regression analysis of lymphedema of the arm also showed a 
near significant unadjusted hazard ratio for cohort 3 showing at an increased chance of occurring. The hazard ratio 
was significant when adjusted for the number of medications patients took at the time of treatment at t1. 
 
According to an extensive systematic review and meta-analysis in 2013 [29], four possible confounders were found 
that revealed strong evidence suggesting their influence on the occurrence of lymphedema of the arm. Axillary 
lymph node dissection, the number of lymph nodes dissected, mastectomy and having a higher body mass index 
influence the occurrence of lymphedema of the arm. However, the number of lymph nodes dissected was not 
collected in our population sample. The risk factor ALND was collected and if we would follow earlier research one 
would expect that cohort 2 would have the highest occurrence of Lymphedema of the arm as roughly 80% of the 
studied population underwent ALND versus 50 % for cohort 3 and 1. So the outcome of cohort 2 and 3 having an 
increased occurrence could be linked to the high number of ALND treatments for cohort 2 and for cohort 3 due to 
the combination of undergoing ALND and/or chemo therapy. 
 
 

Bowel/anal and gastric diseases 

Bowel- and anal diseases exhibit a significant lower prevalence in t1 for cohort 3, which is counter intuitive and 
would suggest that adjuvant chemotherapy would lower occurrence. Previous studies suggest that chemotherapy 
negatively affect the gastrointestinal system of women with breast cancer [21] [30].This unexpected outcome 
might be attributed to several unaccounted-for risk factors, and partly to that 42.9% of cohort 3 did not receive 
chemo therapy and the average age is lowest in cohort 3. In t2 outcome results diverge from t1 as there are no 
significant differences within the current study population. The results overall are subject to the wide range of 
scored results, as bowel- and anal diseases encompasses a wide range of diseases such as diverticulitis, 
gastroenteritis or chronic obstipation.  

 

Neurological adverse effects  
A number of studies indicate that treatments for breast cancer cause adverse neurological effects, both short term 
[31] [32] and long term [33]. This outcome was partially observed in this study, as all cohorts show an occurrence 
of adverse effects however a correlation would be expected between the severity of the treatment and the 
number of occurrences of adverse effects but this was not shown. 
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Cohort 2 displayed more occurrences of concentration disorder during t1 than cohort 1 and 3. Transient ischemic 
attacks in t1 were more prevalent in cohort 1, compared to cohort 2 and cohort 3. Which is remarkable, as an 
increased occurrence is expected for cohort 3 as number of patients underwent chemotherapy which is known to 
induce neurotoxicity affecting functioning of the brain [34], and also increases the risk of stroke [35]. This 
divergent outcome could in part be explained due to the fact that no adjustment for confounders such as age was 
possible due to missing data on the time of occurrence of the adverse effects. 
 

Pulmonal adverse effects 
In this study no significant difference in pulmonal adverse effects between the cohorts were present. Several 
known risk factors for pulmonal adverse effects were accounted for, but the list of risk factors for pulmonary 
diseases is vast. For example, factors such as the presence of air pollution, allergens or occupational risks can 
influence the development of asthma [36] [37]. So potentially, missing these risk factors could influence our 
outcomes by unknowingly limiting the number of occurrences. A more likely cause for the absence of significant 
differences is the natural low prevalence of adverse pulmonary effects. Other studies on the occurrence of 
pneumonitis and pulmonary fibrosis after systemic therapy indicate very low occurrences [38] [39].   
 

Consensus is not reached on the influence of combined treatments by both chemotherapy and radiotherapy on 
the development of pulmonary diseases, as a study by Vogelius et al. (2012) claims these treatments as risk factor 
[40]. However, other studies do not observe an extra risk for pneumonitis when combining radiotherapy and 
chemotherapy [39] [41]. 
 

Cardiological adverse effects  
Angina pectoris and conduction disorders occurred at a higher rate for cohort 2 during t1, but this trend did not 
carry over to t2 nor did it occur with the Cox-regression or Kaplan-Meier analysis. Earlier research indicates that 
radiotherapy provokes thoracic complications [41] and cardiac toxicity [42] but not necessarily conduction 
disorders. However, Cohort 3 has the most extensive treatment, which is comparable to cohort 2 plus the addition 
of chemotherapy with or without trastuzumab and with or without hormone therapy. Both these treatments are 
known to increase cardiac toxicity [42] so a higher occurrence as cohort 2 of angina Pectoris and conduction 
disorders would be expected. This difference could be explained due to no adjustment being made to confounders 
as Cox-regression which is adjusted does not show any significant differences. 

 
Analysis for t2 was performed on a clustered cardiological adverse effect. Cohort 1 was most susceptible to 
develop cardiological adverse effects, and cohort 3 the least, the Kaplan-Meier analyses showed statistically 
significant differences. However, these results from the Kaplan-Meier are non-adjusted for age as the lower mean 
age of cohort 3 is an influential factor on this result. 
 

Strengths and Limitations 
A key strength of the study is the wide spectrum of collected baseline data, which is employed to inspect 
differences between cohorts to adjust for possible confounders. This wide spectrum of data extends also to the 
adverse effects being collected.  
 
The above strength cuts both ways, as the broad spectrum of adverse effects also demands for a wide array of 
collected baseline data to correct for confounding. This baseline data is provided for but can always be improved 
upon by collecting more adverse effect relevant data. It also asks for a larger study population, as some of these 
adverse effects are more uncommon in occurrence. In this study this has been countered by clustering some 
adverse effects during t2 under one common denominator such as pulmonal, neurological and cardiological 
adverse effects, this has created an indication of outcome but it is still unclear if this is a true significant outcome.  
 
This clustering does also apply to single adverse effects as bowel/anal and gastric diseases are an amalgamation of 
several diseases. The clustering of these diseases does however not take into account individual disease 
characteristics such as severity, or health state such as it being acute or chronic in nature, which affects outcome 
reliability. 
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As resources go into collecting a large amount of data on a wide variety of data per patient, this limits the number 
of patients that can be collected. This smaller sample size results in a weakened power and precision of results and 
makes it harder to detect weak correlation between treatment and outcome. Detecting correlation between 
treatment and outcome is already an inherent weakness of researching late effects. Another challenge is the 
selection bias that occurs due to selecting patients with sufficient survival time. As all factors influence the survival 
are also potential confounders.  
 

Conclusions 
This study did find evidence for significant differences in outcomes, some are in accordance of current knowledge 
such as the occurrence of Lymphedema of the arm and provide the impression of legitimacy of found results. 
However, the results provided by some adverse effects are remarkable and require further research to increase 
the quality of informed decisions by patient and healthcare provider alike. This could be attained by increasing 
population sample and the addition of patient reported outcome measures (PROMs). 
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Appendix A 

Collected variables 
 

1. Patient Characteristics at time of primary treatment(t0): Hospital, date of birth, length, weight, Breast 
Cancer laterization, Surgical treatment type, surgery date, Re-excision, pT, pN, Age (calculated as 
difference between surgery date and date of birth), Radiation therapy(Yes/No, Location, Date), Radiation 
boost (Yes/No, dose), Type of Adjuvant therapy, Adjuvant therapy date, Metastasis (Yes/No, Date), 
Locoregional recurrence(Yes/No, Date), Recurrence Axillary or Peri clavicular or Parasternal (Yes/No, 
Date), Contralateral breast cancer (yes/No, Date), Second primary tumor (Yes/No, Location, Date), Death 
(Yes/No, Date, Cause of death , End of follow-up date 
Pre-existent Risk Factors at time of primary treatment (t0): age, BMI, Diabetes mellitus (Insulin 
dependent yes/no), Hypertension, Hypercholesterolemia, Smoking, Pack-years, number of used 
medications 

2. General adverse effects (at three points in time; t0, t1 and t2): 
t0: Fatigue (Yes/no), Psychosocial (Yes/no), impaired shoulder mobility (yes/no), Osteopenia (Yes/no), 
Osteoporosis (Yes/no), Rib Fracture (Yes/No, Location), Lymphedema (Yes/No, Location), Gastric (Yes/no), 
Bowel, Work (Yes/no)  
t1: Fatigue (Yes/No, Date), Psychosocial (Yes/No, Date), Impaired shoulder mobility (Yes/No, Date), Skin 
Ulceration (Yes/No, location, Date), Tissue necrosis breast/ thoracic wall (Yes/No, location, Date), 
Osteopenia (Yes/No, Date), Osteoporosis(Yes/No, Date),Bone fracture (Yes/No, location), Rib Fracture 
(Yes/No, Location), Lymphedema (Yes/No, Location, severity CTCAE v5.0), Pain breast/thoracic wall 
homolateral(Yes/No, Date, CTCAE v5.0 and use of analgesics), Gastric(Yes/No, Date, severity CTCAE v5.0), 
Bowel (Yes/No, Date, severity CTCAE v5.0), Work (Yes/no/partial/retired/not applicable)  
t2: General adverse effects (yes/no/severity CTCAE v5.0/total recovery with treatment/ total recovery 
without treatment): Fatigue, Psychosocial, Impaired shoulder mobility, Skin ulceration, Tissue Necrosis, 
Osteopenia/osteoporosis, Lymphedema, Thorax pain, Gastric, Bowel 

3. Neurological adverse effects (at three points in time; t0, t1 and t2): 
t0: Brachial plexus Neuropathy (Yes/No, Location), Poly Neuropathy (Yes/no, Location, date),Cognitive 
impairment (Yes/No, Diagnosis by relevant medical professional, severity CTCAE v5.0), Concentration 
disorder (Yes/No), Cerebral infarction (Yes/No, Number),Transient ischemic attack (Yes/No, number), 
Carpal tunnel syndrome (Yes/No, Left/right), Meningioma (Yes/No)  
t1: Brachial plexus Neuropathy (Yes/No, Date, strength, pain, sensory, function, location), Poly 
Neuropathy (Yes/No, Date, strength, pain, sensory, treatment policy), Cognitive impairment (Yes/No, 
Diagnosis by relevant medical professional, date, severity CTCAE v5.0), Concentration disorder (Yes/No, 
Date, severity CTCAE v5.0), Cerebral Infarction (Date, Number, localization, strength, sensory, 
communication problems), Transient ischemic attack (Date, Number, localization, strength, sensory, 
communication problems), Carpal tunnel syndrome (Yes/No, date, localization, strength, pain, sensory, 
surgery, injection, brace), Meningioma (Yes/No, date)  
t2: Neurological adverse effect (Status, no adverse neurological effects after treatment, full recovery 
without additional treatment, complete recovery with additional treatment, Incomplete recovery with 
function loss, disabled, death) 

4. Pulmonary adverse effects (at three points in time; t0, t1 and t2): 
t0: Chronic Obstructive Pulmonary Disease (COPD) (Yes/no, GOLD classification), Asthma (Yes/no), 
Obstructive lung disease (Yes/no), Other lung diseases (Yes/no), Lung function test (Yes/no, numerical 
results) 
t1:  Chronic Obstructive Pulmonary Disease (COPD) (Yes/no, developed after treatment yes/no, date, Gold 
classification), Asthma (Yes/no, developed after treatment yes/no, date), Pneumonia (Yes/no, number, 
date first pneumonia, location of pneumonia), Radiation pneumonitis (Yes/no, date, level of severity 
CTCAE v5.0, location right/left/both sides), Radiation fibrosis (Yes/no, date, location right/left/both sides, 
localization lobe, level of severity CTCAE v5.0), Bronchiectasis (Yes/no, date, Location right/left/both 
sides), Secondary lung cancer (Yes/no, date, location left/right, location lobe), Nonspecific obstructive 
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lung disease (Yes/no, date), Pleural fluid (Yes/no, date, location right/left/both sides), lung function test 
(yes/no, numerical results of last known lung function. 
t2: Pulmonary adverse effect (Status, no adverse pulmonary effects after treatment, full recovery without 
additional treatment, complete recovery with additional treatment, Incomplete recovery with function 
loss, disabled, death) 

5. Cardiological adverse effects and interventions (at three points in time; t0, t1 and t2):  
t0: Cardiomyopathy (Yes/no), left ventricular ejection fraction (severity CTCAE v5.0), Congestive heart 
failure (severity  CTCAE v5.0), Ventricular assist device (Yes/no), Heart transplant (Yes/no), Coronary 
artery disease (Yes/no), Angina Pectoris (Yes/no), Myocardial Infarction (Yes/no), Coronary Artery Bypass 
Graft (CABG) (Yes/no), Percutaneous Coronary Intervention (PCI) (Yes/no), 
Valvular Heart Disease (location aortic, mitral, tricuspidal/pulmonary, severity CTCAE v5.0), Arrhythmia 
(Yes/no), Conduction abnormalities (Yes/no), Pericarditis (Yes/no), Pacemaker (Yes/no), Implantable 
Cardioverter Defibrillator (ICD) (Yes/no) 
t1:  Cardiomyopathy (Yes/no, date, type dilated/restrictive/ hypertrophic cardiomyopathy), left 
ventricular ejection fraction (severity CTCAE v5.0), Congestive heart failure (Yes/no, date, type 
systolic/diastolic/combination, severity (NYHA classification), Ventricular assist device (Yes/no, date), 
Heart transplant (Yes/no, date), Coronary artery disease (Yes/no, location LCA, LCA→LAD, LCA→LCX, 
RCA), Angina Pectoris (Yes/no, date, type stable/unstable, Canadian Cardiovascular Society score I t/m IV), 
Myocardial Infarction (Yes/no, date), Percutaneous Coronary Intervention (PCI) (Yes/no, date), Coronary 
Artery Bypass Graft (CABG) (Yes/no, date), Valvular Heart Disease (severity CTCAE v5.0, location 
aortic/mitral/tricuspid/pulmonary valve), Arrhythmia (Yes/no, date, type), Conduction abnormalities 
(Yes/no), Pericarditis (Yes/no), Pacemaker (Yes/no), Implantable Cardioverter Defibrillator (ICD) (Yes/no, 
date, type), pacemaker (Yes/no, date), Pericarditis (Yes/no, date, type constrictive/exudative) 
t2: Cardiological adverse effect (Status, no adverse cardiological effects after treatment, full recovery 
without additional treatment, complete recovery with additional treatment, Incomplete recovery with 
function loss, disabled, death) 

 

  

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf


24 
 

Appendix B 

Incidence of adverse effects 
Table B 1 . Occurrence of neurological adverse effects in t1 and aggregated in t2 

Adverse effects 
Cohort 1 

(Mastectomy) 
(n=57) 

Cohort 2 (BCS 
+ RT) (n=55) 

Cohort 3 (BCS 
+ RT + Adj) 

(n=56) 

P-
value 

Brachial plexus neuropathy 1 (1.8%) 2 (3.6%) 1 (1.8%) 0.758 

Polyneuropathy 3 (5.3%) 6 (10.9%) 5 (8.9%) 0.547 

Cognitive disorder 9 (14.8%) 6 (10.9%) 5 (8.9%) 0.652 

Concentration disorder 0 (0%) 3 (5.5%) 0 (0%) 0.043 

Stroke 2 (3.5%) 6 (10.9%) 2 (3.6%) 0.166 

Transient ischemic attack 6 (10.5%) 2 (3.6%) 0 (0%) 0.028 

Carpal tunnel syndrome 7 (12.3%) 5 (9.1%) 2 (3.6%) 0.239 

Meningioma 0 (0%) 2 (3.6%) 0 (0%) 0.125 

Neurological adverse effects ten 
years post-surgery 

13 (22.8%) 13 (23.6%) 8 0.448 

 
Table B2 . Occurrence of pulmonal adverse effects in t1 and aggregated in t2 

Adverse effects 
Cohort 1 

(Mastectomy) 
(n=57) 

Cohort 2 (BCS 
+ RT) (n=55) 

Cohort 3 (BCS 
+ RT + Adj) 

(n=56) 

P-
value 

Radiation Pneumonitis 0 (0%) 2 (3.6%) 0 (0%) 0.125 

Pneumonia 9 (14.8%) 13 (23.6%) 5 (8.9%) 0.108 

Pulmonary fluid 10 (17.5%) 7 (12.8%) 4 (7.1%) 0.247 

Pulmonary fibrosis 6 (10.5%) 2 (3.6%) 3 (5.4%) 0.306 

Bronchiectasis 3 (5.3%) 3 (5.5%) 0 (0%) 0.211 

Secondary Lung Carcinoma 1 (1.8%) 1 (1.8%) 1 (1.8%) 1.000 

COPD 4 (7%) 4 (7.3%) 2 (3.6%) 0.652 

Asthma 1 (1.8%) 0 (0%) 3 (5.4%) 0.168 

Obstructive nonspecific lung 
disease 

2 (3.5%) 2 (3.6%) 0 (0%) 0.359 

Other 11 (19.3%) 3 (5.5%) 9 (16.1%) 0.359 

Pulmonal adverse effects ten 
years post-surgery 

6 (10.5%) 9 (16.4%) 11 (19.6%) 0.415 

 
Table B3 . Occurrence of cardiological adverse effects in t1 and aggregated in t2 

Adverse effects 
Cohort 1 

(Mastectomy) 
(n=57) 

Cohort 2 (BCS 
+ RT) (n=55) 

Cohort 3 (BCS + 
RT + Adj) (n=56) 

P-
value 

Cardiomyopathy 5 (8.8%) 6 (10.9%) 1 (1.8%) 0.148 

Congestive heart failure 7 (12.3%) 8 (14.5%) 3 (5.4%) 0.263 

Angina pectoris 2 (3.5%) 7 (12.8%) 1 (1.8%) 0.032 

Myocardial infarction 2 (3.5%) 1 (1.8%) 1 (1.8%) 0.790 

Valvular heart disease 13 (22.8%) 6 (10.9%) 6 (10.75) 0.118 

Arrhythmia 5 (8.8%) 10 (18.2%) 5 (8.9%) 0.215 

Conduction disorders 4 (7%) 5 (9.1%) 0 (0%) 0.082 

Pericarditis 0 (0%) 1 (1.8%) 0 (0%) 0.356 

Cardiological adverse effects 
ten years post-surgery 

11 (19.3%) 8 (14.5%) 4 (7.1%) 0.167 
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Appendix C 

Landmark analyses Kaplan-Meier 
Figure C1. Occurrence of lymphedema of the arm per cohort in t1 

 
Figure C2. Occurrence of gastric diseases per cohort in t1 and t2 
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Figure C3. Occurrence of bowel/anal diseases per cohort in t1 and t2

 

Figure C4. Occurrence of pulmonal adverse effects per cohort in t1 and t2
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Figure C5. Occurrence of cardiological adverse effects per cohort in t1 and t2 
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Appendix D 

Cox-regression tables 
Table D1. The association of cohorts with general adverse effects in t1 and t2 

Adverse effects 
Cohort 1 Cohort 2 Cohort 3 

HR (95% CI) HR (95% CI) HR (95% CI) 

Fatigue Referent 1.29 (0.65 – 2.56)  1.10 (0.55 – 2.23) 

Fatigue a Referent 1.31 (0.66 – 2.59) 1.27 (0.62 – 2.62) 

Psychosocial problems Referent 0.90 (0.37 – 2.21) 0.69 (0.26 – 1.81) 

Psychosocial problems b Referent 0.92 (0.37 – 2.27) 0.54 (0.20 – 1.48) 

Impaired shoulder movement Referent 1.17 (0.45 – 3.02) 1.29 (0.51 – 3.27) 

Ulceration Referent 1.05 (0.15 – 7.44) 1.55 (0.51 – 9.28) 

Ulceration c Referent 1.12 (0.16 – 8.07) 1.31 (0.22 – 7.84) 

Necrosis of Tissue/Fat Referent - - 

Osteopenia Referent 0.72 (0.23 – 2.27) 2.69 (1.11 – 6.54) 

Osteopenia d Referent 0.79 (0.25 – 2.53) 2.61 (1.07 – 6.35) 

Osteoporosis Referent 1.60 (0.57 – 4.49) 0.85 (0.26 – 2.78) 

Osteoporosis d Referent 1.42 (0.50 – 4.06) 0.91 (0.28 – 3.01) 

Osteopenia/osteoporosis Referent 0.97 (0.44 – 2.11) 1.67 (0.82 – 3.38) 

Rib Fracture Referent - - 

Lymphedema of the arm Referent 1.28 (0.34 – 4.75) 2.57 (0.81 – 8.21) 

Lymphedema of the arm d Referent 1.60 (0.41 – 6.27) 3.60 (1.03 – 12.54) 

Breast/thoracic pain Referent 1.40 (0.82 – 2.39) 1.00 (0.58 – 1.75) 

Breast/thoracic pain b Referent 1.40 (0.82 – 2.38) 0.91 (0.52 – 1.60) 

Gastric diseases Referent 1.92 (0.71 – 5.19) 0.32 (0.07 – 1.60) 

Bowel/anal diseases Referent 1.35 (0.71 – 2.57) 0.32 (0.13 – 0.81) 

Bowel/anal diseases c Referent 1.52 (0.79 – 2.93) 0.38 (0.15– 0.97) 
a Adjusted for Hypercholesterolemia 
b Adjusted for age of time of diagnosis 
c Adjusted for follow-up time 
d Adjusted for number of medications used at time of diagnosis 

 
 

Table D 2 . The association of cohorts with neurological adverse effects in t1 and t2 

Adverse effects (Adjusted for) 
Cohort 1 Cohort 2 Cohort 3 

HR (95% CI) HR (95% CI) HR (95% CI) 

Brachial plexus neuropathy Referent 2.06 (0.19 – 22.77) 1.00 (0.06 – 16.06) 

Polyneuropathy Referent 2.05 (0.51 – 8.18) 1.72 (0.41 – 7.22) 

Cognitive disorder Referent 0.65 (0.23 – 1.82) 0.68 (0.24 – 1.92) 

Cognitive disorder a b c Referent 0.68 (0.24 – 1.94) 1.11 (0.37 – 3.32) 

Concentration disorder Referent  -  - 

Stroke Referent 3.13 (0.63 – 15.50) 1.02 (0.14 – 7.27) 

Stroke c Referent 2.49 (0.50 – 12.51) 1.23 (0.17 - 8.99) 

Transient ischemic attack Referent  -  - 

Carpal tunnel syndrome Referent 0.72 (0.23 – 2.28) 0.28 (0.06 – 1.34) 

Carpal tunnel syndrome c Referent 0.65 (0.21 – 2.10) 0.33 (0.07 – 1.61) 

Meningioma Referent  -  - 
a Adjusted for age of time of diagnosis 
b Adjusted for Hypercholesterolemia 
c Adjusted for number of medications used at time of diagnosis 
d Adjusted for follow-up time 

  



29 
 

 
Table D3 . The association of cohorts with pulmonal adverse effects in t1 and t2 

Adverse effects 
Cohort 1 Cohort 2 Cohort 3 

HR (95% CI) HR (95% CI) HR (95% CI) 

Radiation pneumonitis Referent - - 

Pneumonia Referent 1.58 (0.68 – 3.69) 0.59 (0.20 – 1.77) 

Pneumonia a c Referent 1.43 (0.60 – 3.40) 0.70 (0.23 – 2.10) 

Pleural fluid Referent 0.67 (0.26 – 1.77) 0.39 (0.26 – 1.77) 

Pleural fluid a c Referent 0.60 (0.23 – 1.61) 0.49 (0.15 – 1.59) 

Pulmonary fibrosis Referent 0.26 (0.03 – 2.31) 0.76 (0.17 – 3.40) 

Pulmonary fibrosis a c d Referent 0.16 (0.02 – 1.46) 0.78 (0.16 – 3.80) 

Pulmonary fibrosis a c Referent 0.20 (0.02 – 1.77) 1.09 (0.23 – 5.19) 

Bronchiectasis Referent - - 

Secondary lung cancer Referent 1.02 (0.06 – 16.37) 1.01 (0.06 – 16.18) 

Secondary lung cancer b Referent 1.20 (0.08 – 19.25) 1.66 (0.10 – 28.15) 

COPD Referent 1.03 (0.26 – 4.13) 0.50 (0.09 – 2.74) 

Asthma Referent - - 

Obstructive nonspecific lung 
disease 

Referent - - 

a Adjusted for age of time of diagnosis 
b Adjusted for Hypercholesterolemia 
c Adjusted for number of medications used at time of diagnosis 
d Adjusted for follow-up time 

 
Table D 4 . The association of cohorts with cardiological adverse effects in t1 and t2 

Adverse effects 
Cohort 1 Cohort 2 Cohort 3 

HR (95% CI) HR (95% CI) HR (95% CI) 

Cardiomyopathy Referent 1.24 (0.38 – 4.05) 0.20 (0.02 – 1.68) 

Cardiomyopathy a b c Referent 1.09 (0.31 – 8.31) 0.31 (0.03 – 2.80) 

Cardiomyopathy a b c d Referent 2.01 (0.49 – 8.55) 0.62 (0.06 – 6.29) 

Congestive heart failure Referent 0.88 (0.27 – 2.88) 0.55 (0.14 – 2.21) 

Congestive heart failure a c Referent 0.72 (0.22 – 2.38) 0.84 (0.20 – 3.54) 

Angina pectoris Referent 3.78 (0.79 – 18.19) 0.50 (0.05 – 5.56) 

Myocardial infarction Referent 0.51 (0.05 – 5.67) 0.50 (0.05 – 5.51) 

Valvular heart disease Referent 0.46 (0.17 – 1.21) 0.47 (0.18 – 1.23) 

Valvular heart disease b c Referent 0.44 (0.16 – 1.17) 0.53 (0.20 – 1.43) 

Arrhythmia Referent 2.01 (0.69 – 5.89) 1.04 (0.30 – 3.60) 

Arrhythmia b c Referent 2.00 (0.68 – 5.93) 1.31 (0.37 – 4.65) 

Conduction disorders Referent  -  - 

Pericarditis Referent  -  - 
a Adjusted for age of time of diagnosis 
b Adjusted for Hypercholesterolemia 
c Adjusted for number of medications used at time of diagnosis 
d Adjusted for follow-up time 
 

 


