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Abstract 

Background Older patients are more likely to have comorbidities than younger patients, and multiple comorbidities 
are associated with mortality in patients with cancer. Therefore, we hypothesized that a functional comorbidity index 
could predict the therapeutic effects of rehabilitation.

Objectives In this study, we investigate whether the comorbidities influenced the execution and therapeutic effects 
of rehabilitation.

Methods A consecutive cohort of 48 patients with gastrointestinal cancer who underwent surgery between Janu‑
ary 1 and November 30, 2020, was analyzed. Charlson Comorbidity Index (CCI) scores were calculated based on data 
derived from medical records. The primary outcomes were ambulation status, duration (days) from the start of post‑
operative rehabilitation, and length of hospital stay. We investigated the relationship between CCI scores and primary 
outcomes.

Results The CCI did not correlate with the duration of rehabilitation or the length of hospital stay. Subsequently, 
patients with functional recovery problems were evaluated, and we identified the conditions that were not included 
in the list using CCI scores. Most conditions are associated with surgical complications. Furthermore, using 
the Clavien‑Dindo classification (CDC), we assessed the clinical features of the severity of complications. We found 
that the length of stay and the duration to start rehabilitation were significantly longer in the patients with higher 
severity of surgical complications (CDC≧III) than in those with lower severity (CDC≦II).

Conclusions Treatment‑related conditions may significantly impact the perioperative period more than the origi‑
nal comorbidities. In addition to original comorbidities, events related to surgical complications should be assessed 
to determine the therapeutic effects of rehabilitation in patients with gastrointestinal cancer.
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Introduction
The incidence of cancer in advanced countries has 
increased [1]. Surgery is the only curative option for 
patients with resectable cancers. Advances in less 
invasive surgery, such as the endoscopic approach, 
provide therapeutic opportunities, even for older 
patients [2]. However, older patients were more likely 
to have comorbidities than younger patients [3, 4]. In 
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addition, diminished physiological reserves may cause 
complications after surgery [3, 4].

Perioperative rehabilitation has been promoted to 
prevent complications after surgery [5, 6]. Perioperative 
rehabilitation was reported to decrease the risks for 
respiratory complications [5, 6]. It facilitates ambulation 
and enables the earlier initiation of adjuvant therapy after 
surgery [5, 6]. Although perioperative rehabilitation is 
essential in older patients, comorbidities can interfere 
with physical training. For example, myocardial 
infarctions or congestive heart failure may affect the 
execution of endurance exercises. Connective disease 
or hemiplegia may affect the execution of muscle-
strengthening exercises.

However, the effect of comorbidities on rehabilitation 
remains controversial. Several researchers have reported 
that comorbidities can predict poor functional recovery 
or prolonged hospital stay in patients with stroke [7, 
8], hip fracture [8, 9], or coronary bypass graft [10]. In 
contrast, some studies have reported that comorbidities 
do not predict functional recovery after rehabilitation 
in patients with burn injuries [11] and spinal cord 
injuries [12], or in a mixed population with neurological 
conditions, deconditioning after acute events, and 
orthopedic conditions [13].

Multiple comorbidities affect the nutritional status 
after esophageal cancer surgery [14], induce infectious 
complications after gastric cancer surgery [15], and cause 
early mortality after pancreatic cancer surgery [16]. 
However, a previous study reported opposite findings 
in patients with bladder cancer [17]. There are few 
systematic reviews and meta-analyses on this topic. In 
the entity, no reports specify the predictive value of the 
comorbidity on the therapeutic effect of rehabilitation 
in patients with gastrointestinal cancer. Our study 
investigating the impact of comorbidity on cancer 
rehabilitation is based on this.

Recently, Chan et  al. [18] investigated the association 
between comorbidity measures and mortality in geriatric 
rehabilitation inpatients according to the cancer status 
(no cancer, history of cancer, or active cancer). They 
investigated 693 patients and concluded that comorbidity 
measures were associated with a higher mortality risk 
using the Charlson Comorbidity Index (CCI).

In this study, we hypothesized that the CCI scores 
would predict the negative therapeutic effects of 
perioperative rehabilitation in patients with cancer. 
Higher scores would correlate with lower therapeutic 
effects because comorbidities affect training execution 
or training efficacy. Understanding the potential factors 
influencing rehabilitation is helpful for successful 
risk management during training. We retrospectively 
evaluated 48 patients with gastrointestinal cancer who 

underwent perioperative rehabilitation. We assessed 
whether the comorbidities influenced the execution and 
therapeutic effects of rehabilitation.

Methods
Study design
We retrospectively reviewed data from 48 consecutive 
patients with gastrointestinal cancer who underwent 
curative or palliative surgery and perioperative 
rehabilitation. We examined the type of cancer, CCI 
score, ambulation status, duration (in days) to start 
rehabilitation after surgery, and length of hospital stay.

Participants
This retrospective study was conducted at the Nara 
Medical University Hospital. The study protocol was 
approved by the hospital’s Institutional Review Board 
(approval no. 3413). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki and the laws and regulations of Japan. Between 
January 1 and November 30, 2020, 98 patients with 
gastrointestinal cancer were referred to the department 
of rehabilitation medicine in our hospital. Of the patients, 
50 were excluded from the study because they did not 
undergo the planned surgery but underwent exploratory 
laparotomy, endoscopic drainage, medication, or 
radiation for local control due to unexpected tumor 
progression. Finally, we analyzed 48 consecutive 
patients. All patients received a comprehensive palliative 
intervention from the beginning of treatment [19, 20]. 
The team of the identical surgical department performed 
all the procedures.

Charlson Comorbidity Index scores
CCI scores were calculated according to the patients’ 
preoperative conditions derived from medical records 
[21]. Table  1 lists the weights of the CCI conditions. 
The sum of all the weights resulted in a single patient 
comorbidity score.

Clavien‑Dindo classification
The Clavien-Dindo classification (CDC) ranks the 
severity of surgical complication [22–24]. It is based on 
the type of therapy required to correct complications. The 
scale comprises several grades. Grade I complications are 
usually mild; however, Grade II or higher complications 
are more severe. In this study, we defined complications 
of higher severity as those equal to or greater than Grade 
III and those of lower severity as those equal to or less 
than Grade II.
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Outcome evaluations
All the patients were admitted for surgery. The primary 
outcome evaluations were ambulation status, duration 
(days) to the start of rehabilitation post-surgery, and 
length of hospital stay. The level of mobility achieved 
during rehabilitation was defined as levels 1–5 as 
described by Kim et al. [25] with some modifications by 
Ishida et al. [26] (Table 2).

Rehabilitation
Rehabilitation was initiated after patients underwent 
medical examinations performed by a physiatrist. All 
patients are usually referred to the rehabilitation depart-
ment the day after surgery or after the attending phy-
sician has confirmed that vital signs are stable. The 
physiatrist will assess the patient on the day of refer-
ral. The physiatrists evaluated the general condition 
of patients based on Gerber’s recommendation [27]. 
The ambulation exercises prescribed by the physiatrist 
included in-bed exercises, sitting, standing, and walk-
ing, with or without support. The weaning exercises were 
performed according to the patient’s general condition, 

respiration, and circulation. Once the patient could walk 
on the ward, muscle-strengthening exercises such as 
squats and heel raises were performed. In addition, those 
who were more active additionally performed bicycle 
ergometers as aerobic exercise. There were no adverse 
events in all patients during the rehabilitation treatment. 
The exercise lasted 20–40-min per session and was per-
formed 5–6 times per week.

Statistical analysis
Statistical analyses were performed using SPSS software 
(version 22.0; IBM Corp., Armonk, NY, USA). Statistical 
significance was set at P < 0.05. Spearman’s correlation 
test was used to evaluate the association between the 
CCI scores; duration of rehabilitation after surgery; and 
length of hospital stay; and between the age, duration 
of rehabilitation after surgery, and length of hospital 
stay. Mann–Whitney’s U test was used to evaluate the 
association between the severity of surgical complications 
and the CCI scores, duration of rehabilitation after 
surgery, and length of hospital stay.

Results
Patients’ characteristics
The baseline characteristics of the patients are shown in 
Table  3. The patients included 32 men and 16 women, 
with a median age of 76 years (IQR, 68–81 years) at sur-
gery. The lesions were located in the esophagus in 15 
patients (31%), pancreas in eight patients (17%), colon 
in seven patients (15%), stomach in six patients (13%), 
gall bladder in five patients (10%), duodenum in three 
patients (6%), liver in three patients (6%), and rectus in 
one patient (2%). The median duration (days) to start 

Table 1 Charlson comorbidity index [19]

Weight Conditions

1 Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic obstructive disease
Connective tissue disease
Ulcer disease
Mild liver disease
Diabetes mellitus

2 Hemiplegia
Moderate/severe renal disease
Diabetes with end‑stage organ damage
Any tumors without metastasis
Leukemia
Lymphoma

3 Moderate/severe liver disease

6 Metastatic solid tumor
AIDS

Table 2 Maximum levels of mobility during perioperative 
rehabilitation as described by Kim et al. [23]

Level 1 Therapeutic (in‑bed) exercises

Level 2 Bed mobility (supine to sit)

Level 3 Transfer training (sit to stand/bed to chair)

Level 4 Gait training (walk with assistance)

Level 5 Gait training (walk independently)

Table 3 Patients’ characteristics

IQR interquartile range

Sex

 Male (%) 32 (67%)

 Female (%) 16 (33%)

 Median: age (IQR) 76 (68–81)

Tumor

 Esophagus 15 (31%)

 Pancreas 8 (17%)

 Colon 7 (15%)

Stomach 6 (13%)

 Gall bladder 5 (10%)

 Duodenum 3 (6%)

 Liver 3 (6%)

 Rectum 1 (2%)

Median: rehabilitation treatment start date (IQR) 3 (2–5.25)

Median: length of stay (IQR) 21 (16–40.25)
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rehabilitation was 3  days (IQR, 2.0–5.25  days), while 
the median length of hospital stay was 21  days (IQR, 
16.0–40.25 days).

Ambulation status
Figure 1 shows the perioperative course of mobilization. 
Evaluations were performed on admission, on the first 
day of rehabilitation after surgery, and at discharge. On 
admission, 28, 15, and 5 patients had levels 5, 4, and 3. 
In most patients, the levels decreased on the first day of 
rehabilitation after surgery; however, progress was even-
tually achieved. All patients reached or exceeded level 3 
after surgery, except for two patients who died of acute 
renal failure and bile leaks.

Relationship between length of hospital stay, duration 
to start rehabilitation, and CCI scores
Figure  2 shows the relationship between length of stay 
and CCI scores. No significant correlation was observed 
between the two variables (r = 0.014, p = 0.924). Figure 3 
shows the relationship between rehabilitation duration 
and CCI scores. Furthermore, no significant correla-
tion was observed between the two variables (r = 0.2, 
p = 0.172).

Complications not related to the CCI scores
Next, we determined the condition of the patients 
who could not reach or exceed Level 4 after reha-
bilitation. Sixteen patients met the inclusion crite-
ria. Table  4 shows the conditions identified from the 
clinical records of the 16 patients. Interestingly, most 
conditions were related to surgery or “surgical com-
plications” and were not included in the Charlson list. 
Therefore, we further assessed the clinical features of 
higher and lower severity complications in patients 
using the Clavien-Dindo classification. Figure  4 shows 
the CCI scores in the patients with higher severity of 
surgical complications (CDC≧III) and those with lower 
severity (CDC≦II). No significant differences were 
observed between the two groups. However, the length 
of stay and the duration to start rehabilitation were sig-
nificantly longer in the patients with higher severity of 
surgical complications (CDC≧III) than in those with 
lower severity (CDC≦II, Figs. 5 and 6). We performed 
further statistical evaluation, including age and gender, 
but there was no statistical significance with length of 
hospital stay, duration to start rehabilitation, and the 
CCI scores.

Fig. 1 Perioperative course of mobilization. The evaluation was performed on admission, on the first day of rehabilitation after surgery, 
and at discharge. All patients reached or exceeded level 3 after surgery, except two patients who died of acute post operative events
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Discussion
Perioperative rehabilitation is of utmost importance 
in older patients with gastrointestinal cancer. This 
reduces the risk of complications, facilitates early 
recovery after surgery, and shortens the length of the 
hospital stay. Based on previous studies that reported 
that comorbidities worsen various conditions in cancer 
patients [14–16], we hypothesized that the CCI score 
predicts functional outcomes, including ambulation 
status, duration of rehabilitation post-surgery, and 
length of hospital stay. In terms of ambulation status, 
most patients reached or exceeded Level 3, suggesting 
the therapeutic effect of rehabilitation. We investigated 
the relationship between CCI scores and the duration of 
rehabilitation after surgery or the length of hospital stay 
but found no significant correlation.

Interestingly, we evaluated the clinical course of 
patients who did not reach or exceed Level 4 and 
identified conditions that were not in the CCI list 
(Table  1). Most of these conditions are associated with 
“surgical complications.” These conditions occurred in 
patients with low CCI scores.

Charlson et  al. [21] designed CCI in 1987. They used 
data from an internal medicine inpatient service and 
analyzed the mortality rate at one year as a result of 
various comorbidities. A list of nineteen conditions 
was created. The index was validated in patients with 
breast cancer with a 10-year mortality rate. The CCI has 
been used and validated in predicting mortality risk in 
various conditions [28], while one study reported that 
comorbidity was not associated with functional status in 
older patients with cancer [29].

As a potential limitation of the CCI, Extermann et al. 
[28] suggested that the list ignores several comorbidi-
ties relevant to cancer treatment, such as hematopoi-
etic disorders other than malignancies, polyneuropathy, 
and moderate renal dysfunction. This would be the key 
to interpreting our data; the CCI did not show a cor-
relation with the duration (days) before the start of 
rehabilitation or the length of hospital stay. In patients 
who underwent surgery, “surgical complications” might 
be weighted heavier than the 19 conditions on the list 
in certain situations. We further investigated the clini-
cal features of higher and lower severity complications 

Fig. 2 Relationship between the length of stay and the CCI scores
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in patients using the Clavien-Dindo classification. The 
patients with higher severity of surgical complications 
(CDC≧III) showed a longer length of stay and dura-
tion to start rehabilitation than those with lower sever-
ity (CDC≦II), suggesting the possible limitation of the 
CCI.

Our study has some limitations. This study was 
retrospective in nature, had a limited sample size, and 
was conducted at a single hospital. In addition, patients 
have different oncological backgrounds at different 
clinical stages. However, in our study, 19 conditions 
on the Charlson list were not sufficient to predict the 
functional outcomes of perioperative rehabilitation in 
patients with gastrointestinal cancer. Although the CCI 
is a useful tool for predicting oncological outcomes, 
treatment-related conditions may have a greater impact. 
In this study, we found that “surgical complications,” 
which are components of cancer treatment-related 
conditions, are also essential factors for assessing the 
therapeutic effect of rehabilitation. However, further 
large-scale studies in older cancer populations are 
required, particularly during the perioperative period. 
As society ages, the number of cancer patients with 
comorbidities will increase. To improve the quality of life 

Fig. 3 Relationship between the duration to start rehabilitation and the CCI scores

Table 4 Conditions in patients who could not reach or exceed 
mobility level 4

Patient no

 1 Pain of chest drain

 2 Bed rest indicated after resection with anastomosis

 3 Heart failure

 4 Pancreatic fistula

 5 Bed rest indicated during transfusion

 6 Tachycardia with hypertension

 7 Delirium

 8 Pain at the incision site

 9 Delayed bleeding after surgery and reintubation

 10 Vomiting and nausea

 11 Abdominal abscess

 12 Pain at the incision site (accompanied by sacrectomy)

 13 Orthostatic hypotension

 14 Bed rest indicated after resection with anastomosis

 15 Spinocerebellar degeneration (mobility at level 3 prior 
to surgery)

 16 Fever
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Fig. 4 Charlson Comorbidity Index (CCI) scores in the patients with higher severity of surgical complications (CDC≧III) than in the patient 
with lower severity (CDC≦II)

Fig. 5 The length of stay in the patients with higher severity of surgical complications (CDC≧III) and patients with lower severity (CDC≦II)
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of these elderly patients and their families, it is essential 
to identify factors that influence rehabilitation.

Conclusions
Treatment-related conditions may significantly impact 
perioperative rehabilitation more than the original 
comorbidities. As well as original comorbidities, 
clinical events related to surgical complications should 
be assessed to determine the therapeutic effects of 
rehabilitation in patients with gastrointestinal cancer.
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