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Colorectal cancer is the third most common cancer worldwide. Elderly patients, typically defined 
as those over 70 years, face a heightened risk of developing colorectal cancer as they age, and the 
proportion of elderly individuals affected by cancer will continue to increase. However, the current 
guidelines lack optimal treatment recommendations for the elderly and there is a scarcity of clinical 
trial evidence of clinical trial evidence addressing rectal cancer in this group. Retrospective data was 
extracted from patients aged 18 and who underwent curative surgery for rectal cancer. A total of 71 
patients were included and divided into two groups: an elderly group (EG), comprising patients aged 
over 70, and a younger group (YG). Age, sex, ASA score, comorbidities, surgical treatments and post-
operative morbidity and mortality were extracted from patients ‘files. The study population included 
55 patients (77.46%) in the YG, and 16 patients (22.54%) in the EG. The cohort consisted of 30 men 
(42.3%) and 41 women (57.7%), with an average age of 57.1 ± 14.6. Comorbidities were present in 
37 patients (52.1%), and 53 patients (74.6%) presented advanced-stage rectal cancer. Of the total 
cohort, 9 patients underwent primary surgery, while 62patients (87.3%) received neoadjuvant therapy. 
Laparoscopic surgery was employed in 63 patients (86.6%), with 8 cases (12.69%) of conversion to 
open surgery. Thirty-seven patients (52.1%) required stomas, of which 11 (16.7%) were definitive. 
Postoperative morbidity was higher in the EG (50%) compared to the YG (21.81%) with severe 
complication rate at 12.5% and 7.27%, respectively. Anastomotic leakage rate was similar in both 
groups (EG = 12.5% vs YG = 3.6.). However, the post-operative mortality rate was significantly higher 
in the EG (2.81% vs 0%). Within 90 days postoperatively, 6 readmissions were recorded, with a severe 
morbidity rate (Clavien-Dindo > 2) of 12.3% and a 90-day mortality of 4.2%. Curative surgery for rectal 
cancer in elderly patients appears to present more difficulties to manage preoperatively, and presents 
more postoperative mortality, requiring a tailored approach that considers the specific clinical features 
and functional status of this population.

Keywords  Elderly, Colorectal surgery, Outcomes, Oncology

Rectal cancer is a global health issue, Colorectal cancer (CRC) is the third most common cancer globally and the 
second leading cause of cancer death in the world, with rectal cancer accounting for one-third of these cases1. 
Although an increasing number of newly diagnosed colorectal cancer cases occur in individuals under 50 years 
old (10%)2, the median age of diagnosis remains around 70 years3. This increase coincides with a rise in life 
expectancy, which has grown by 5 years since 20044.

Chronologically, elderly patients start from the age of 65 years old or more5, but with increasing life 
expectancies, this definition now principally includes patients over 70 years old or more6. Increasing age is 
a well-known risk factor for several cancers, including colorectal cancer7. This segment of the population 
forms a heterogeneous group with different comorbidities, functional status and socio-economic aspects8. 
Due to population aging, as well as advancements in the control of chronic diseases and anticancer treatments, 
particularly in terms of survival, the proportion of elderly individuals affected by cancer or having been affected 
by cancer will continue to increase9,10. Additionally, this population exhibits more comorbidities (cardiovascular 
and endocrine diseases, other cancers, cognitive disorders, functional decline.)8,10 and tend to present more 
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advanced stages of the disease, higher rates of comorbidities, and reduced functional status5,11 therefore 
practicians offered less-aggressive oncological treatment12.

The treatment of rectal cancers in elderly patients is not standardized13. Despite the fact that age is also 
a well known factor for perioperative morbidity and mortality12, the current guidelines do not incorporate 
optimal treatment recommendations for the elderly and address only partially the associated specific challenges 
encountered in this population13. It is also important to underline the paucity of clinical trial evidence explicitly 
addressing the risks and benefits of all aspects of rectal cancer in the elderly13.

This results in a wide variation and disparity in delivering a standard of care to this subset of patients3. 
Therefore, the decision making process for an elderly rectal cancer patient must be cautious and consider several 
factors such as: patient’s preferences, preoperative frailty and functional status, comorbidities, life expectancy, 
tumor stage, treatment toxicities and postoperative morbidity, while maintaining appropriate oncological 
standards and minimizing adverse effects, making understanding the impact of the surgical interventions and 
its outcomes in this segment of the population all the more important13.

This study aims to provide an overview of mortality, morbidity, and characteristics related to curative surgery 
for rectal cancer in elderly patients.

Study overview
This study is a retrospective analysis derived from a prospective cancer surgery database. The surgical department 
specializes in general digestive surgery and has a relatively high volume of oncological procedures. The study 
was approved by the Mohammed V University in Rabat and all experiments were performed in accordance with 
relevant guidelines and regulations.

Patient population
The study included all consecutive adult patients over the age of 18 who underwent a curative intent surgical 
resection for rectal cancer with curative intent between January 1, 2018, and December 31, 2023.

The patient cohort was divided into two groups: an elderly group (EG), comprising patients aged over 70, and 
a younger group (YG), representing the remaining population. All patients included in the study were monitored 
for 90 days postoperatively to assess complications or mortality, with follow-up completed by March 1, 2024. 
There were no strict criteria for selecting the surgical approach or anastomosis type; these decisions were left to 
the discretion of the operating surgeon. Patients who underwent surgery with palliative intent were identified 
and subsequently excluded.

Definition of outcomes
The primary objectives of the study were to compare the feasibility, safety, and outcomes of oncologic rectal 
surgery between elderly patients and younger age groups. These comparisons focused on operative difficulty, 
postoperative morbidity and mortality. Morbidity and mortality were assessed using the Clavien-Dindo 
classification system, which categorizes postoperative complications into five grades. Grades I and II are regarded 
as minor complications, whereas Grades III and IV are considered severe and life-threatening. Grade V denotes 
patient mortality14.

Statistical analysis
Patient data were reviewed during the inclusion phase and subsequently analyzed. Qualitative variables were 
reported as frequencies and percentages (n,%), while quantitative variables were expressed as means and 
medians with interquartile ranges. A univariate analysis was performed using the chi-square test. P-values of 
less than 0.05 were considered statistically significant. All statistical analyses were conducted using Jamovi.

Results
The baseline characteristics of the patients are summarized in Table 1.

During the study period, 71 patients underwent surgical resection for rectal cancer. Of these, 55 patients 
(77.46%) were classified into the YG, and 16 patients (22.54%) were categorized into the EG.

The cohort consisted of 30 men (42.3%) and 41 women (57.7%), with an average age of 57.1 years +/- 14.6. 
Thirty seven patients (52.1%) had comorbidities including diabetes (13.9%), smoking (12.5%), cardiovascular 
disease (13.9%), a history of abdominal surgery (27.7%) and other associated medical conditions (27.8%).

The majority of tumors (83.1%) were located in the lower two-thirds of the rectum, with 53 patients (74.6%) 
presenting with advanced-stage rectal cancer (T3-T4; N+). All patients received surgical treatment, with 9 patients 
undergoing upfront surgery, and 62 patients (87.3%) receiving neoadjuvant therapy (chemoradiotherapy for 60 
patients and chemotherapy for 1 patient). Laparoscopic surgery was the preferred approach, employed in 63 
patients (86.6%), with 8 cases (12.69%) requiring conversion to open surgery, and 8 patients (11.3%) undergoing 
open surgery initially. We performed 11 Perineal Abdominal Amputation (PAA) (15.5%) (7 in the YG and 4 in 
the EG), 21 Partial mesorectal excision (PME) (29.6%) (17 in the YG and 4 in the EG) and 39 total mesorectal 
excision (TME) (54.9%) (31 in the YG and 8 in the EG). Thirty seven patients (52.1%) required stomas, of which 
26 were temporary ileostomy, and 11 (16.7%) were definitive colostomy with one pseudo continent perineal 
colostomy.

The overall morbidity rate was 28.16%, with 6 patients (8.5%) experiencing major complications (Clavien-
Dindo grade > 2). Surgical site infections occurred in 5 patients (6.94%), while postoperative hemorrhage and 
deep collections were each observed in 3 patients (4.22%). The anastomotic fistula rate was 6.66%, affecting 4 
patients. Revision surgery was required in 5 patients (6.94%). The mortality rate was 2.8% (2 patients). Within 
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Variable Population N (%)
YG
N (%)

EG
N (%) P

Numbers 71 55 16

Gender

 Male 23 7 0.89

 Female 32 9

ASA classification

 ASA 1 34 9 0.688

 ASA 2,3,4 21 7

Comorbidities 26 11 0.13

Anemia(g/dl) 15 5 0.756

 < 10 g/dl

 > 10 g/dl

Hypoalbuminemia(g/l) 2 1 0.661

 < 25 g/l

 > 25 g/l

Tumor location

 Low 24 6 0.164

 Mid 23 5

 Upper 8 5

Tumor stage

 cTx 8 4 0.115

 T1-T2 3 3

 T3-T4 44 9

Neoadjuvant treatment

 Chemoradiotherapy 48 13 0.857

 None 6 3

 Chemotherapy 1 0

Approach

 Laparoscopy 43 12 0.973

 Open 6 2

 Conversion 6 2

Surgery

 PME 17 4 0.526

 TME 31 8

 PAA 7 4

Stoma

 No 27 7 0.707

 Yes 28 9

Post-Op Clavien-Dindo

 0 43 8

 1/2 8 6 0.07

 >2 4 2

Wound infection

 No 54 12 0.002

 Yes 1 4

Anastomotic Fistula

 No 46 10 0.121

 Yes 2 2

 Non applicable 7 4

Mortality

 No 55 14 0.008

 Yes 0 2

Re-intervention

 No 52 14 0.379

 Yes 3 2

90 days readmission

Continued
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90 days postoperatively, 6 readmissions were recorded, with a severe morbidity rate (Clavien-Dindo grade > 2) 
of 12.3% and a 90-day mortality of 4.2%.

Both the elderly and the younger group were well balanced in terms of sex (P = 0.89). The EG had a higher 
percentage of patients with comorbidities (EG = 68.75% vs. YG = 47.27%, P = 0.13). The rates of anemia 
and hypoalbuminemia were similar in both groups (Hb < 10  g/dl: YG = 27.27%, EG = 31.25%, P = 0.756) 
(hypoalbuminemia: YG = 3.63%, EG = 6.25%, P = 0.661). Low and mid rectal cancer locations were similar in 
both groups, EG (68.75% vs. 87.27% P = 0.164), and most diagnosis were made at an advanced stage, with 56.25% 
for EG and 80% for YG, P = 0.115. Neoadjuvant treatment was administered to the majority of patients, with 
89.09% in the YG and 81.25% in the EG receiving it (P = 0.857). All patients subsequently underwent surgery, 
with the laparoscopic approach being favored in both groups (EG = 87.5%, YG = 89.09%, P = 0.973). Two 
conversions were required in the EG, compared to six in the YG (EG = 12.5%, YG = 10.71%, P = 0.973). More 
than half of the patients in both groups required a stoma (EG = 56.25, %YG = 50.9%,, P = 0.707), with 25% of 
them being permanent in the YG (of which one pcc) compared to 44.44% in the EG.

Despite the slightly high morbidity rate (50% EG vs. 21.81% YG), severe complication rate (12.5% EG vs. 
7.27% YG) and surgical re-interventions (12.5% EG vs. 5.54% YG) in the EG, results were not statistically 
significant (P = 0.07; P = 0.379). Anastomotic leakage rate was also similar in both groups (EG = 12.5% vs. 
YG = 3.6%, P = 0.121). However, the post operative mortality rate was significantly higher in the EG (2.81%% 
vs. 0% p = 0.008).

At the 3-month follow-up, all readmissions (6 Patients; 8.45%) were observed in the YG group. Furthermore, 
90 days’ severe complications rate was similar in both groups (12.5% vs. 10.9%; P = 0537). Lastly, the 90 days’ 
mortality rate was similar in both groups (2.81% in EG vs. 1.4% in YG; P = 0.06).

Discussion
Chronologically, elderly patients start from the age of 65 years old or more5, but with increasing life expectancies, 
this definition now includes patients over 70 years old or more6. This segment of the population forms a 
heterogeneous group with different comorbidities, functional status and socio economic aspects8. In Morocco, 
life expectancy at birth was estimated at 76.8 years in 2022, with women having a higher life expectancy of 78.6 
years compared to 75.2 years for men (which represents an increase in life expectancy of 5 years compared to 
2004)4.

CRC is the third most prevalent cancer worldwide1. In our setting, its incidence is on the rise, as demonstrated 
by the increase in cases in the economic capital region, where rates have grown from 7.3 per 100,000 inhabitants 
during the period 2004–2007 to 9 per 100,000 inhabitants in 2013–2017 for both sexes9,15. In 2020, a total of 4558 
new cases of colorectal cancer were registered, accounting for approximately 7.7% of all new cancer diagnoses 
nationwide11.

Despite an increasing incidence among younger individuals, the median age at diagnosis remains 
approximately 70 years3. The literature indicates that the Moroccan population most affected by this cancer 
comprises individuals aged over 70 in 2017 (Fig. 1)16.

This age group also presents increased comorbidities, including cardiovascular disease, diabetes, higher 
ASA scores, and malnourishment8. Our cohort demonstrated these trends, with a higher prevalence of patients 
with comorbidities (EG = 68.75% vs. YG = 47.27%) and malnutrition, as reflected by hypoalbuminemia rates 
(YG = 3.63%, EG = 6.25%). Furthemore, an advanced TNM classification (stage III or IV) is often associated 
with higher postoperative morbidity and decreased overall survival, making it mandatory to adapt therapeutic 
strategies based on TNM staging to optimizing outcomes and minimizing postoperative complications17. 
Notably, our findings indicate a greater proportion of patients with advanced colorectal cancer (CRC) within 
the younger group (80% in YG vs. 56.25% in EG). This trend can be attributed to the demographic composition 
of our study population, wherein individuals aged 65 years and older represented only 6.95%, while those aged 
15–64 years constituted 67.57%18. In contrast, existing literature suggests that elderly patients tend to present 
with more advanced stages of CRC19, which may be explained by age-related differences in seeking medical 
attention, symptom recognition, or referral patterns to primary care20.

This observation suggests that colorectal cancer screening in elderly individuals for earlier diagnosis could 
be advantageous21. However, the relevance of such screening in this demographic has not yet been proven, and 

Variable Population N (%)
YG
N (%)

EG
N (%) P

 No 49 16 0.141

 Yes 6 0

90 days Clavien-Dindo

 0 40 9

 1/2 9 5 0.537

 >2 6 2

90 days mortality 0.062

 No 54 14

 Yes 1 2

Table 1.  Demographic characteristics.
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there is a scarcity of data on its impact21. In our context, no organized national colorectal cancer screening 
program has been implemented16. In France, organized screening systematically ceases at age 7522. Beyond this 
age, tests are no longer centrally analyzed, and only patients at high risk of colorectal cancer or with a history of 
adenoma continue to be monitored by colonoscopy22. The low life expectancy of this population raises doubts 
about the value of such screening. Furthermore, excessive screening can cause anxiety, discomfort, and expose 
individuals to complications specific to screening techniques, which are more frequent in the elderly21.

A more complex risk of screening is overdiagnosis, defined as the diagnosis of a disease that would not have 
been detected in the absence of screening during the individual’s lifetime and would have no impact on their life 
expectancy. This can lead to overtreatment without any benefit to their health or life23. It is interesting to report 
however, the observation of Van Harten et al.24 who noted a decreased proportion of elderly patients by almost 
25%, from 45.3% in 2007 to 20.4% in 2018. He suggests that this observation could be attributed, among other 
factors, to the increased adaptation to the Australian National Bowel Cancer Screening Program and improved 
general public education, potentially leading to an earlier cancer detection24.

Only 53–90% of elderly patients with colorectal cancer are treated according to national guidelines, with 
the most commonly reported reasons for treatment adjustments being patient preference (27%) and functional 
status (20%)25. In general, a patient’s status is initially assessed based on their general condition and nutritional 
status. For example, obesity has a complex relationship with CRC prognosis, with a high Body Mass index often 
associated with poorer prognosis and higher recurrence rates26.

While chronological age alone is not a reliable predictor of treatment-related outcomes and toxicities, elderly 
patients frequently present with significant physiological impairments and extensive medical histories8. For 
instance, thyroid disorders, particularly hypothyroidism, have been shown to negatively impact wound healing 
and contribute to increased postoperative morbidity27. Additionally, prolonged corticosteroid use is associated 
with an elevated risk of infections and delayed tissue repair, further complicating postoperative recovery17.

Consequently, several easily integrated screening tools have been proposed, including the G8 score, Mini 
Nutritional Assessment (MNA), Mini-Cog, and Adult Comorbidity Evaluation-27 (ACE-27)8. These tools 
classify elderly patients into three categories: fit, vulnerable, and frail (Fig. 2). “Fit patients” receive standard 
care, “vulnerable patients” require tailored treatment approaches, and “frail patients” are suitable only for 
supportive care28. A particularly noteworthy prognostic tool is the Onco-MPI, an easily calculated prognostic 
score designed to predict cancer-specific mortality. It has proven effective in forecasting 1-year mortality in 
older cancer patients, thereby aiding in clinical decision-making. However, its validation in more diverse and 
longer-term settings is still needed29. Additionally, emerging biomarkers such as butyrylcholinesterase have 
been proposed as predictive indicators of postoperative complications. A decrease in this serum enzyme has 
been associated with an increased risk of complications, including infections and postoperative organ failure, 
which could allow for better preoperative stratification of high-risk patients30.

The multidisciplinary approach has significantly improved the surgical outcomes and prognosis of rectal 
cancer over the past two decades. The combination of neoadjuvant treatment and surgery has increased the rates 
of conservative surgery, reduced local recurrence rates, and prolonged survival compared to surgery alone31. 

Fig. 1.  Distribution of incident cases of colorectal cancer by age for the period in Morocco from 2013 to 2017 
(Blue = Men, Pink = Women)19. 
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However, several studies have shown that elderly patients can experience poor physical condition following 
neoadjuvant treatment32,33. These treatments are associated with grade 3–4 acute toxicity (27%, with 12% of 
diarrhea ) and long-term toxicity (14%: with 4% of strictures, 2% of bladder problems, and 9% of gastrointestinal 
effects), making them intolerable for older individuals34. For patients who can tolerate neoadjuvant treatment, 
Wu et al. found that delaying the surgery by more than 4 weeks after neoadjuvant treatment may benefit elderly 
patients35. This delay allows for recovery from acute radiation toxicity, improvement in overall health and 
treatment of comorbidities (control blood pressure and diabetes, optimizing nutritional support)35. This delay 
also favors better complete oncological response, and fewer postoperative complications compared to immediate 
surgery35.

The neoadjuvant treatments can be followed by TME or PME36. Open surgery can still be necessary for patients 
with advanced stages of the disease but includes a higher rate of permanent stomas and more postoperative 
complications24. Laparoscopic surgery represents a significant advancement in the surgical management of 
colorectal cancer and studies have that advanced age only should not be a contraindication to perform mini 
invasive approach, as their outcomes are at least equivalent, if not better, compared to an open approach12,22,37,38, 
with reduced analgesic intake, shorter hospital stays, and a faster return to activity, with morbidity and mortality 

Fig. 2.  Treatment algorithm for locally advanced rectal cancer in elderly patients. c: clinical; T: tumor; N: 
node; MNA: mini-nutritional assessment; ACE-27, adult comorbidity evaluation-27; RT: radiation therapy; 
Gy: Gray; fr: fraction; MRF: mesorectal6.
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comparable to those undergoing open surgery and a 5 year survival rates going up to 49%12,28,39. This leads to 
an increasing number of teams preferring the laparoscopic approach for colorectal cancer in this demographic 
(including ours with 81.81% of laparoscopic surgeries in elderly patients).

Surgery may be associated with significant morbidity, mortality, and functional consequences36. Notable 
disturbances in urinary and sexual function have been documented, but the most critical consequences are 
related to bowel function post-surgery36. Depending on the tumor’s location in the rectum, the anastomosis 
level, and the necessity for partial or total intersphincteric resection, patients may experience varying degrees 
of symptoms associated with low anterior resection syndrome36. It is important to note that many patients 
undergoing a low anastomosis may require a temporary stoma, which can ultimately become permanent in 
cases of failed anastomosis40 which is shown in our study where more than half of the patients in both groups 
required a stoma (EG = 56.25. %YG = 50.9%,, P = 0.707), with 25% of them being permanent in the YG (of which 
one pcc) compared to 44.44% in the EG. A stoma can significantly disrupt the psychological and social well-
being of elderly patients, often resulting in psychic shock, a sense of disability, activity restrictions, reduced 
socialization, loss of control and intimacy, and feelings of malaise. Patients may experience a sense of being 
dirty, disgust, and a lack of acceptance41. Consequently, the requirement for a temporary or permanent stoma is 
a significant concern for many patients, with the avoidance of a stoma often being a primary expectation from 
rectal cancer treatment36.

In this study, postoperative mortality and morbidity rates were analyzed for both the YG and EG, along 
with postoperative outcomes. In both groups, the rates of morbidity, severe complications, anastomotic leakage 
and surgical re-interventions were slightly higher in the EG but without reaching statistical significance. This 
finding aligns with the work of Devoto et al., which reported an overall complication rate for elderly patients 
of 35.6% compared to 31.2% in younger patients, though this difference was also not statistically significant42. 
Earlier studies have suggested that the frequency of postoperative morbidity increases progressively with age ​​20. 
Stephan et al. supported this view, finding significantly higher rates of overall complications in the elderly group 
(p < 0.01), with both studies defining elderly as patients aged 85 years or older43.

These results have led some surgeons to reconsider immediate resection and its associated complications 
for patients who achieve a complete oncological response following neoadjuvant treatment, which occurs in 
10–25% of cases44. Instead, an organ preservation strategy known as “Watch and Wait” may be proposed45. 
However, since the achievement of a complete response remains uncertain, W&W should be regarded as a 
cautious approach rather than a definitive treatment strategy36.

Our results also revealed a mortality rate of 2.81% in the EG group, which is significantly lower than the rates 
reported in the literature, ranging from 6.8 to 14.1%46. However, this rate remains higher than the 0% mortality 
observed in the YG group.

Consistent with our findings, previous studies have demonstrated that elderly patients experience elevated 
postoperative mortality rates, underscoring the critical importance of the immediate postoperative period47. 
Kessler et al. observed an increase in mortality from 0.5 to 13% in patients over the age of 8048. Conversely, 
Yang et al., in their meta-analysis, found no statistically significant difference in mortality rates between elderly 
subjects (20.2%) and younger subjects (25.2%)42.

In addition to the risks associated with the surgical procedure itself, mortality in these patients may be due 
to other complications associated with the terrain, such as acute renal failure, cardiac complications, respiratory 
failure, urinary tract infection and pneumonia were more commonly present in elderly people49. This high 
mortality justifies a patient-centered treatment approach, incorporating a thorough preoperative evaluation of 
comorbidities and nutritional status8,26 and also including elderly patients with rectal cancer in the decision 
making if they express their desire to be involved in the process13.

A promising innovation in this field is the Internet of Things (IoT), an interconnected network of physical 
objects, machines, and other devices that enables the exchange of data to support intelligent applications and 
services50. The integration of IoT in the management of CRC represents a major advancement in connected 
medicine. By enabling continuous patient monitoring through wearable devices and implantable sensors, IOT 
allows real-time tracking of vital parameters, physical activity, and treatment adherence. This approach enhances 
the early detection of postoperative complications and optimizes the personalization of therapeutic plans50.

Furthermore, the use of artificial intelligence and deep learning in the analysis of histopathological images 
of CRC improves diagnostic accuracy. Recent studies have demonstrated that these algorithms can reliably 
differentiate cancerous tissues from healthy tissues and stratify patients based on tumor risk, thereby facilitating 
therapeutic decision-making51,52.

This study has several limitations. It is a single-center study, which may reduce the external validity of the 
data. The retrospective collection of data from patients’ medical records is another limitation, as the accuracy of 
the information depends heavily on the precision of these records. Additionally, the size of the cohort is relatively 
small, compared to foreign centers. The study period is also limited. An extension of this investigation is planned 
to further analyze the morbidity and mortality associated with each surgical procedure.

The strengths of this study stem from its single-center design, allowing the examination of recent consecutive 
cases with detailed documentation of complications and relatively consistent management strategies. This study 
is the first within our context to evaluate rectal cancer surgery in elderly patients. The evaluation considered 
different surgical approaches and the specific characteristics of this patient group to propose recommendations 
for the safe, effective, and efficient management of rectal cancers in the elderly.

Conclusion
Curative rectal cancer surgery in elderly patients appears to present more difficulties to manage preoperatively, 
and more mortality postoperatively, requiring a tailored approach that takes into account the unique clinical 
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features, comorbidities and functional status of this population. Further research is needed to better understand 
this population and refine treatment strategies to meet their specific needs.

Data availability
The data that support the findings of this article are available from the corresponding author upon reasonable 
request.
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