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Low preoperative physical function in cancer patients is associated with postoperative complications; 
however, there have been no reports on the benefits of in-hospital preoperative rehabilitation on 
preoperative physical function in patients with pancreatic cancer.  Therefore, the aim of this study was to 
quantitatively determine the effects of preoperative in-hospital rehabilitation provided under the supervision 
of a physiotherapist, on preoperative physical function in patients with pancreatic cancer.  The study 
subjects were 26 patients (15 males, 11 females; age 71.2 ± 8.5 years, range: 51-87 years), including four 
patients with preoperative chemotherapy, scheduled for surgery for pancreatic cancer.  Muscle 
strengthening exercises and aerobic exercises were conducted 11.9 ± 5.1 days prior to surgery.  
Cardiopulmonary exercise testing, 6-minute walk distance, and the Functional Independence Measure 
score were measured before and after the rehabilitation program.  We also investigated the relation 
between the rehabilitation program and incidence of postoperative complications.  All 26 study patients 
completed the preoperative rehabilitation program and no adverse events were noted.  Peak oxygen 
uptake during cardiopulmonary exercise testing and 6-minute walk distance increased significantly after the 
rehabilitation program.  The Functional Independence Measure score remained constant throughout the 
intervention.  No wound infection, delirium, deep vein thrombosis, or respiratory complications were 
encountered postoperatively.  In-hospital preoperative rehabilitation under the supervision of a 
physiotherapist significantly improved physical function and maintained physical activity in patients with 
pancreatic cancer.  Such improvements may contribute toward preventing serious postoperative 
complications, resulting in better outcomes.
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Introduction
Pancreatic cancer is associated with poor prognosis 

but improvement in the survival rate has been reported 
recently thanks to advances in chemotherapy and surgical 
techniques (Burris et al. 1997).  In addition, recent advances 
in preoperative chemotherapy for pancreatic cancer have 
improved the surgical resection rate (Hackert 2018; Motoi 
and Unno 2020).  However, pancreatic cancer is often asso-

ciated with poor physical function and activity (Yeo et al. 
2012; Clauss et al. 2017), and preoperative chemotherapy 
can result in a further reduce reduction in the preoperative 
physical function and activity of the patients (West et al. 
2014).  In general, preoperative physical function in cancer 
patients correlate with postoperative complications, dura-
tion of hospitalization, and prognosis (Karlsson et al. 2018; 
Patel et al. 2019).  Particularly in patients with pancreatic 
cancer, who receive pre and/or postoperative chemotherapy 
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and highly invasive surgery, the risk of poor postoperative 
outcomes is a major concern (Callejas et al. 2019).  
Therefore, it would be beneficial to improve preoperative 
physical function especially in patients with pancreatic can-
cer.  So far, only a few studies have discussed the feasibility 
and benefits of home-based preoperative rehabilitation in 
patients with pancreatic cancer (Ngo-Huang et al. 2017; 
Parker et al. 2019).  Although “perioperative” rehabilitation 
was reported to significantly reduce postoperative respira-
tory complications (Piraux et al. 2018; Kitahata et al. 2018), 
there have been no reports on the impact of in-hospital 
intensive preoperative rehabilitation, nor have there been 
any quantitative measurement of the effects of such rehabil-
itation in patients with pancreatic cancer.

Therefore, the purpose of this study was to especially 
focus on preoperative physical function and to quantita-
tively and confirmatively examine the therapeutic effects of 
an in-hospital preoperative rehabilitation program con-
ducted under the supervision of a physiotherapist in patients 
with pancreatic cancer, including patients who received 
preoperative chemotherapy.  

Specifically, we tested the hypothesis that preoperative 
rehabilitation significantly enhances preoperative physical 
function, which in turn improves activities of daily living 
(ADL), quality of like (QOL), and likely improve postoper-
ative outcome.  If this hypothesis is supported by our 
results, then this study could be a novel link between the 
fields of pancreatic surgery and rehabilitation medicine.  
This has the potential to provide basis for further studies, 
and complement a new strategy to treat patients with pan-
creatic cancer.

Methods
Study design

 Single arm before-after study

Subjects
 The subjects were patients with pancreatic cancer who 

visited the Department of Rehabilitation Medicine, 
Wakayama Medical University, between January 2016 and 
December 2018.  The inclusion criteria were (1) patients 
scheduled for surgery, and (2) patients who agreed to pro-
vide informed consent.  The exclusion criteria were (1) 
patients with difficulty exercising due to associated muscu-
loskeletal disorders, (2) patients with advanced dementia 
and mental disorders, and (3) patients with unstable respira-
tory and/or circulatory disorders.  No control patients were 
enrolled for ethical reasons.  

Training program
 Each subject was admitted to the Department of 

Rehabilitation Medicine before surgery, and upon admis-
sion, under the supervision of a physical therapist per-
formed muscle strengthening exercises of squatting (300 
times/day), heel raising (100 times/day), and step up and 
down (100 times/day), as well as aerobic exercise including 
cycle ergometry (30 min/day), hand grip ergometry (20 
min/day), and treadmill walking (20 min/day) every day 
until one day before surgery (Fig. 1).  The intensity of cycle 
ergometry training, hand ergometry, and treadmill walking 
training was adjusted to 11-13 on the Borg scale (Morishita 
et al. 2018).

Fig. 1.  Preoperative rehabilitation program applied in this study.  
	 (a) Muscle strengthening exercise (squat training).  (b) Aerobic exercise (cycle ergometer training).  The subject was 

admitted to the Department of Rehabilitation Medicine, and under the guidance of a physical therapist, squat training 
(Fig. 1a), heel raise training, step up and down training (muscle strengthening exercise) and cycle ergometer training 
(Fig. 1b), hand ergometer training, treadmill walking training (aerobic exercise) were conducted before surgery.  



Preoperative Rehabilitation for Pancreatic Cancer Patients 281

Outcome measures
 Cardiopulmonary exercise testing (CPET), the 6-min-

ute walk test (6MWT), and scoring of the Functional 
Independence Measure (FIM) were conducted before and 
after preoperative rehabilitation to evaluate the effects of 
preoperative rehabilitation program.  In addition, any post-
operative complications that appeared during hospitaliza-
tion as well as the total length of hospital stay and survival 
days were recorded.

Cardiopulmonary Exercise Testing
 CPET is a comprehensive and established stress test 

designed to evaluate oxygen utilization and oxygen trans-
port capacity in active muscles, based on breath-by-breath 
gas analysis (Weisman et al. 2003).  Using an aero monitor 
AE-310S (Minato Medical Science Co., Osaka, Japan) and 
cycle ergometer, the subject was rested for 3 minutes and 
warmed up at 20 watts for 3 minutes.  After that, the subject 
exercised during the application of a ramp load (20 watts/
min), until exhaustion.  During the exercise, we measured 
blood pressure and recorded the electrocardiogram, in addi-
tion to the breath-by-breath gas analysis.  The anaerobic 
threshold (AT) point was determined by the V-slope method 
(Beaver et al. 1986), and also confirmed by the trend 
method (Orr et al. 2013).  Furthermore, AT oxygen uptake 
(V
4

O2), AT heart rate (HR), and AT WR (Work rate) were 
measured in the same test.  In addition, V

4

O2, HR, and WR 
at exhaustion were determined as Peak 

4

V
4

O2, Peak HR, and 
Peak WR, respectively.  In this regard, Davies and Danjoux 
(2010) reported that AT V

4

O2 and Peak V
4

O2 are indicators of 
endurance in surgery.

The 6-minute walk test
 The 6MWT is a self-paced test that evaluates endur-

ance and gait function as endorsed by the American 
Thoracic Society (ATS).  According to the ATS guideline 
(Brooks et al. 2003), we used a 30-m straight course with a 
cone at the turning point in the present study.  The proce-
dure of the 6MWT was as follows: (1) the subject avoided 
strenuous exercises 2 hours before the test and did not do 
any warm up maneuvers; (2) the subject rested on a chair 
for at least 10 minutes before the test; (3) heart rate and 
blood pressure were recorded; (4) the subject was checked 
to ensure that s/he can walk as much as possible and 
advised not to run during the test, immediately before the 
start of the test; (5) the examiner walked diagonally behind 
the subject; (6) the subject was informed only of the time 
that passed during the test; and (7) after walking as fast as 
possible for 6 minutes, the examiner recorded the total 
6-minute walking distance (6MWD).

Functional Independence Measure
 The FIM is an index of the degree of independence in 

ADL.  It scores 18 activities using a scale of 1 to 7, and the 
sum of scores of total score is determined (range: 18-126) 
(Senda et al. 2019).  The higher the FIM score, the more 

independent is the patient is in daily life.

Statistical analysis
Continuous variables were expressed as mean ± stan-

dard deviation (SD).  We showed the age-related values 
according to the redefinition of elderly (aged 75 years and 
older) by the Joint Committee of Japan Gerontological 
Society and the Japan Geriatrics Society (Ouchi et al. 
2017).  A paired t-test was used to compare differences in 
the values of CPET and 6MWD before and after preopera-
tive rehabilitation, with significance set at p <0.05.  All data 
were analyzed using JMP® pro version 14.1 (SAS Institute 
Inc.).  This study was approved by the Research Ethics 
Review Committee of Wakayama Medical University 
(#1174) and each subject provided signed consent before 
enrolment into the study.

Results
The study subjects were 26 (15 males, 11 females; age 

71.2 ± 8.5 years, range: 51-87 years) who met the above 
inclusion/exclusion criteria.  Demographic characteristics 
of the patients are shown in Table 1.  Pancreatic cancer was 
located in the head of the pancreas in 14 cases and in the 
tail of the body of the pancreas in 12.  The stage of pancre-
atic cancer (UICC classification version 7th) was Stage 0 in 
1, Stage IA in 1, Stage IB in 1, Stage IIA in 10 and Stage 
IIB in 13 cases.  Four patients (15%) were on preoperative 
chemotherapy while they underwent the rehabilitation pro-
gram.  The rehabilitation program was conducted 11.9 ± 5.1 
days before surgery, and all subjects completed the pro-
gram.  No adverse events were observed during the preop-
erative rehabilitation.  

Fig. 2 shows the results of CPET in a representative 
patient (76-year-old man).  On the V-slope view, the point 
where carbon dioxide output (V

4

CO2) increased relative to 
V
4
4

O2 was determined as the AT point.  Analysis of the time 
trend view showed an increase in the ventilatory equivalent 
for oxygen (V

4

E/V
4

O2) without any increase in the ventila-
tory equivalent for carbon dioxide (V

4

E/V
4

CO2) at that point.  
The results of CPET in this patient were as follows: AT V

4

O2 
15.0 mL/kg/min; AT HR 121 beats/min; AT WR 75 watts; 
Peak V

4

O2 25.4 mL/kg/min; Peak HR 155 beats/min; and 
Peak WR137 watts.

The age- and sex-related CPET values of the entire 
study subjects are summarized in Table 2.  All Peak values 
were significantly higher after rehabilitation compared with 
before rehabilitation (Paired t-test, p < 0.05) regardless of 
age or sex, although a significant difference was found only 
in the values for males and under 75 years old at the AT 
point.

The 6MWD before rehabilitation was 498.7 ± 63.0 in 
males, 462.6 ±66.0 in females, 515.8 ± 58.6 in patients 
under 75 years old, 439.4 ± 49.7 in patients over 75 years 
old and the value after rehabilitation was 529.5 ± 72.2 in 
male, 497.5 ± 68.0 in female, 551.9 ± 60.5 in patients under 
75 years old, and 467.0 ± 56.3 in patients over 75 years old, 
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respectively.  All 6MWD values increased significantly 
after rehabilitation compared to before rehabilitation (Paired 
t-test, p < 0.05).  Furthermore, the FIM score was main-
tained, at 125.9 ± 0.3 before preoperative rehabilitation and 
125.3 ± 0.3 after preoperative rehabilitation.  Notably, the 
results of the four patients who received the preoperative 
chemotherapy were similarly effective compared with those 
without preoperative chemotherapy.

Surgery was performed after the preoperative rehabili-

tation, including pylorus-resecting pancreatoduodenectomy 
(n = 14), pancreatic body and tail resection (n = 10), and 
laparoscopic pancreatic body and tail resection (n = 2).  
Postoperatively, paralytic ileus was observed in one patient, 
though it improved with conservative management.  No 
wound infection, delirium, deep vein thrombosis, or respi-
ratory complications were encountered postoperatively.  
The mean length of hospital stay for all study subjects was 
16.4 ± 7.6 days, and by June 2020, four patients had died 
from pancreatic cancer (postoperative survival days, 532.3 
± 227.8 days), while the other 22 patients survived (871.3 ± 
263.9 days after surgery).

Discussion
This study is the first to primarily focus on preopera-

tive physical function and to quantitatively evaluate the 
effects of a preoperative rehabilitation program provided 
under the supervision of a physical therapist, in patients 
scheduled to undergo surgery for pancreatic cancer.  All 
patients, even those with preoperative chemotherapy, com-
pleted the intensive rehabilitation program without adverse 
effects, and all Peak values of CPET and 6MWD increased 
significantly after the completion of the program.  The FIM 
score, an indicator of activity, remained stable throughout 
the study.  Further follow-up showed no respiratory or seri-
ous complications after surgery in these patients.

Only a few studies have examined the effect of periop-
erative rehabilitation in patients with certain types of can-
cers, e.g., esophageal cancer, whereas several studies ana-
lyzed the effects of rehabilitation applied after surgery 
(Quist et al. 2018; Hanada et al. 2018).  The enhanced 
recovery after surgery (ERAS) protocol has been attracting 
attention in recent years.  ERAS promotes postoperative 
recovery by introducing various patient care programs in an 

Fig. 2.  Results of cardiopulmonary exercise testing (CPET) in a 76-year-old man.  
	 (a) V-slope view, (b) Time trend view.  Black short arrow indicates the anaerobic threshold (AT) point and black long ar-

row shows peak point in each view.  The AT point was determined by the V-slope view and also confirmed by the trend 
view.  On the V-slope view, the point where carbon dioxide output (V

4

CO2) was increased relative to oxygen uptake 
(V
4

O2) was determined as the AT point.  The time trend view shows an increase in the ventilatory equivalent for oxygen 
(V
4

E/ 
4

V
4

O2, green arrow) without any increase in the ventilatory equivalent for carbon dioxide (V
4

E/ 
4

V
4

CO2, purple arrow) 
at that point.  Data at the time of exhaustion were considered the peak points.

	 AT, anaerobic threshold point; Peak, peak point; HR, heart rate; R, respiratory exchange ratio; V
4

O2, oxygen uptake; V
4

E/ 
4

V
4

O2, the ventilatory equivalent for oxygen; V
4

E/ 
4

V
4

CO2, the ventilatory equivalent for carbon dioxide; WR, work rate.

Table 1.  Demographic characteristics of patients (n = 26).

Age (mean ± SD) 71.2 ± 8.5

Gender N (%)
Male 15 (58)

Female 11 (42)

Stage N (%) (UICC classification version 7th)
0 1 (4)

IA 1 (4)
IB 1 (4)

IIA 10 (38)
IIB 13 (50)

Pre-operative chemotherapy n (%)
(+) 22 (85)
(–) 4 (15)

Operation n (%)
PrPD 14 (54)

DP 10 (38)
Laparoscopic DP 2 (8)

UICC, Union for International Cancer Control; PrPD, 
pylorus-resecting pancreatoduodenectomy;
DP, pancreatic body and tail resection.
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integrated manner based on evidence (Aoyama et al. 2018; 
Low et al. 2019).  ERAS is designed to achieve the follow-
ing three goals: (1) reduction of surgical invasion; (2) pre-
vention of surgical complications; and (3) promotion of 
early postoperative recovery, thereby shortening the length 
of hospital stay and achieving an early return to society.  
Among the 17 main elements of the ERAS protocol, early 
mobilization is among the postoperative factors, but preop-
erative rehabilitation guided by a physical therapist is not 
included in the preoperative factors.  Since reports of pre-
operative rehabilitation for cancer patients are increasing 
(Bhatia and Kayser 2019; Barrett-Bernstein et al. 2019), 
Milalpeix et al. (2019) proposed the addition of preopera-
tive rehabilitation to the ERAS protocol.

With regard to preoperative rehabilitation of patients 
with pancreatic cancer, only two questionnaire-based stud-
ies reported previously the results of self-training at home 
before surgery (Ngo-Huang et al. 2017; Parker et al. 2019).  
They demonstrated the feasibility and adherence of home 
self-training, and consequent improvement in physical 
activity of the patients who had low baseline physical activ-
ity.  However, in their reports, home self-training did not 
improve physical function, which was probably due to the 
low exercise intensity used in the self-training program.  
The study of Wiskemann et al. (2019) compared the effects 
of muscle strength training under the supervision of a phys-
ical therapist with those of home self-training in patients 
with pancreatic cancer.  The results showed that muscle 
strength training guided by the therapist significantly 
increased muscle strength compared to self-training.  The 
results of the present study confirm the above findings and 
indicate that preoperative rehabilitation prescribed by a 
rehabilitation specialist and supervised by a therapist signif-
icantly improves preoperative physical function, measured 
quantitatively, in patients with pancreatic cancer.

Previous studies also examined the relation between 
preoperative physical function and postoperative outcome 
in cancer patients.  One study reported a close correlation 
between the results of preoperative CPET and postoperative 
outcome in patients with pancreatic cancer (Junejo et al. 

2014), while another concluded that preoperative 6MWD 
was a predictor of postoperative complications in patients 
with hepatobiliary pancreatic cancer (Hayashi et al. 2017).  
Furthermore, a systematic review by Kumar and Garcea 
(2018) showed poor postoperative recovery in hepatobiliary 
pancreatic cancer patients with AT V

4

O2 of ≤ 10.5 mL/kg/
min on preoperative CPET.  Thus, in patients with pancre-
atic cancer, preoperative physical functions, particularly the 
values on CPET and the 6MWD, seem to correlate with 
postoperative outcome.  In the present study, both the CPET 
scores and 6MWD improved following preoperative reha-
bilitation in patients with pancreatic cancer, and that such 
program was not associated with serious complications 
after surgery.  While it is likely that the improved preopera-
tive physical function resulting from the preoperative reha-
bilitation prevented the development of serious postopera-
tive complications, further studies are needed to confirm 
this finding and determine the mechanisms of such 
improvement.

The present study has certain limitations.  First, the 
study was a single-arm, before and after study, which did 
not include a control group.  In this regard, the effect of 
perioperative rehabilitation has already been recognized, 
and it was ethically difficult to include a control group.  
Second, our study did not measure nutritional status but 
rather focused solely on physical function and activity.  It is 
necessary to measure nutritional status throughout the 
period of preoperative rehabilitation, including nutritional 
intervention.  Third, in this study, the physical therapist in 
charge and the duration of preoperative rehabilitation were 
not fixed.  Although the preoperative rehabilitation program 
was provided as part of the standard clinical treatment, our 
results could be viewed as the effect of rehabilitation plus 
the clinical care.  Lastly, our study primarily focused on 
preoperative physical function, which are the goals of reha-
bilitation treatment, since postoperative results are affected 
several factors such as the extent of the malignancy, surgi-
cal procedure, operation time, anesthesia, and postoperative 
chemotherapy, 

Although the number of subjects who received preop-

Table 2.  Results of Cardiopulmonary exercise testing (CPET) (n = 26).

Index
Before After

Male
(n = 15)

Female
(n = 11)

75 <
(n = 15)

75 ≥
(n = 11)

Male
(n = 15)

Female
(n = 11)

75 <
(n = 15)

75 ≥
(n = 11)

AT V
4

O2 (ml/min/kg) 15.3 (3.1) 16.6 (3.3) 16.1 (3.0) 14.9 (2.9) 16.2* (2.3) 16.8  (3.7) 17.2* (3.2) 15.8  (2.2)
AT HR (beat/min) 104.7 (13.8) 109.8 (17.0) 108.0 (17.1) 107.3 (14.1) 111.1* (14.2) 116.7  (14.1) 115.0* (15.9) 110.6  (11.9)
AT WR (watt) 67.4 (16.8) 56.4 (13.0) 63.9 (16.8) 61.8 (16.6) 73.9* (16.1) 57.5  (16.0) 72.3* (18.9) 62.1  (12.9)
Peak V

4

O2 (ml/min/kg) 20.4 (4.9) 18.0 (5.0) 22.2 (4.9) 16.4 (4.2) 22.4* (5.0) 20.0* (5.5) 23.9* (5.0) 17.8* (3.7)
Peak HR (beat/min) 141.7 (17.9) 140.5 (23.7) 146.6 (17.9) 135.8 (23.3) 149.7* (14.8) 147.6* (24.8) 158.2* (13.8) 143.6* (18.8)
Peak WR (watt) 116.4 (29.2) 98.9 (14.1) 118.8 (4.9) 95.6 (19.0) 127.7* (25.6) 113.3* (19.9) 130.5* (21.9) 109.5* (22.2)

Data are mean (SD).
Standard value: AT V

4

O2, 15.3-16.1 ml/min/kg; Peak V
4

O2, 21.2-26.2 ml/min/kg; Peak HR, 133-169 beat/min.
AT, anaerobic threshold point; V

4

O2, oxygen uptake; HR, heart rate; WR, work rate; Peak, peak point.
*Paired t-test: p < 0.05 vs. before-rehabilitation.
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erative chemotherapy for pancreatic cancer was low, the 
present preliminary study demonstrated the feasibility of a 
preoperative in-hospital rehabilitation program and its 
quantitatively measured beneficial effects on preoperative 
physical function and activity in patients with preoperative 
chemotherapy, which may lead to better postoperative out-
comes.  However, further studies are necessary to further 
analyze the effects of preoperative rehabilitation in patients 
scheduled for preoperative chemotherapy and the relation-
ships between such rehabilitation and postoperative compli-
cations and prognosis.

In conclusion, the present study quantitatively exam-
ined the effects of preoperative rehabilitation prescribed by 
a rehabilitation specialist and conducted under the supervi-
sion of a therapist on preoperative physical function in 
patients with pancreatic cancer.  Our preoperative rehabili-
tation program was associated with improvement in preop-
erative physical function and maintained physical activity 
in patients with pancreatic cancer, even in patients with 
preoperative chemotherapy.  Such improvements may 
potentially contribute to the low incidence of postoperative 
complications, resulting in better outcomes.
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