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A B S T R A C T

Background: Preliminary evidence suggests that multimodal prehabilitation may reduce postoperative compli
cations in patients undergoing cancer surgery. However, its true effectiveness has yet to be fully demonstrated, 
and there are still significant gaps in knowledge that need to be addressed.
Methods: This is a two-arm, multicenter, randomized controlled trial including 400 adult oncological patients 
undergoing major gastrointestinal surgery. Patients are randomized with a 1:1 allocation ratio either to receive a 
multimodal prehabilitation program in addition to standard care or standard care alone. The prehabilitation 
program consists of four weeks of intervention including exercise training, nutritional support, and psychological 
counseling. The standard of care is delivered in accordance with the Enhanced Recovery After Surgery (ERAS) 
pathways.
Results: The trial is ongoing and currently recruiting. The primary outcome is the rate of patients experiencing 
major postoperative complications within 30 days after surgery. We hypothesize that prehabilitation will reduce 
this rate from 40% to 25%. Secondary outcomes include the time of functional recovery, length of hospital stay, 
and complication severity.
Conclusion: The PROGRESS trial will provide data to assess whether a prehabilitation program can reduce major 
postoperative complications and facilitate recovery in patients undergoing major oncological gastrointestinal 
surgery.
Trial registration: This trial was registered on ClinicalTrials.gov with the trial identification NCT06404489.

1. Introduction

Surgical resection remains a cornerstone in the management of solid 
tumors, particularly in gastrointestinal cancers. While advances in 
perioperative and oncologic care have significantly improved survival 
rates, cancer surgery is still a physically demanding procedure, partic
ularly for older patients or those with comorbidities. Patients frequently 
enter the perioperative period with impaired physiological reserves due 
to disease-related malnutrition, muscle wasting, and emotional distress. 
[1–3] These factors not only hinder recovery but can also compromise 
surgical outcomes and reduce adherence to adjuvant therapies.

While the importance of postoperative rehabilitation on physical 
performance and recovery is well-recognized, [4,5] there is growing 
interest in strategies that optimize patient condition before surgery. [6]
The concept of prehabilitation, a proactive, multidisciplinary approach 
aimed at enhancing a patient's functional capacity prior to a major 
stressor like surgery, has emerged as a promising solution.

Multimodal prehabilitation, delivered by a multidisciplinary team, 
combines exercise training, nutritional support, and psychological 
counseling to address the complex needs of cancer patients. Despite the 
strong rationale and encouraging clinical evidence in specific clinical 
settings, [6–8] the effectiveness of such interventions remains insuffi
ciently defined.

This multicenter randomized study aims to evaluate the efficacy of a 
structured multimodal prehabilitation program in patients undergoing 

major gastrointestinal cancer surgery. The hypothesis is that pre
habilitation will result in a significant reduction of major postoperative 
complications and promote faster functional recovery when compared 
to standard care alone.

2. Methods

2.1. Study design

This study is a multicenter, open label randomized controlled trial to 
assess the efficacy of a multimodal prehabilitation program in patients 
undergoing major oncological gastrointestinal surgery on postoperative 
complications (Fig. 1).

2.2. Study registration

This trial will be approved by Ethical Committees of all participating 
centers and conducted in compliance with the principles of the Decla
ration of Helsinki. The trial was registered on ClinicalTrials.gov in May 
2024 with trial identification number NCT06404489.

2.3. Study population

The trial aims to enroll 400 adult patients (age > 18 years) scheduled 
for elective major gastrointestinal surgery for cancer, including 

Fig. 1. Visual abstract.
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resections of the colon, rectum, stomach, esophagus, pancreas, and liver.
The exclusion criteria include all medical, physical, and mental 

conditions interfering with the ability to complete study procedures, 
such as: 

• acute or unstable cardio-respiratory conditions (e.g., unstable angina 
or symptomatic severe aortic stenosis);

• severe/end-stage organ diseases (e.g., cardiac failure NYHA func
tional classes III-IV, COPD FEV1 < 50% pred, end-stage kidney or 
liver disease);

• American Society of Anesthesiologists (ASA) physical status classes 
4–5;

• disabling orthopedic and neuromuscular disease;
• psychosis, dementia;
• symptomatic anemia.

2.4. Recruitment and randomization

All patients who meet the inclusion and exclusion criteria and pro
vide informed consent will be randomized four weeks before surgery to 
receive either a multimodal prehabilitation program in addition to 
standard care or standard care alone. Although the intended duration of 
prehabilitation is four weeks, this period may be shortened to accom
modate surgical scheduling constraints, as previous studies have 
demonstrated that a three-week program is sufficient to improve func
tional recovery and relevant clinical outcomes. [9] Informed consent 
will be obtained in accordance with local ethics committee guidelines 
and legal regulations. Patients will be randomized with a 1:1 allocation 
ratio using a web-based system, employing a computer-generated 
permuted block design list. Randomization will be stratified according 
to the center. The group assignment will be concealed until the required 
information (sex and date of birth) is entered in the randomization 
system. Due to the nature of the intervention, the study will be 

Fig. 2. Study flowchart. 
Abbreviations: ASA = American Society of Anesthesiologists.
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conducted in an open-label manner: participants and investigators will 
be aware of group assignments. Outcome assessors and statisticians will 
be blinded.

2.5. Patient assessment

All patients included in the study will be assessed for physical, 
nutritional, and psychological status prior to randomization, the day 
before surgery, at 30 days and 90 days after surgery (Fig. 2). The 
assessment includes the following tests and questionnaires: 

• Physical performance assessment 
o 6-min walk test (6MWT) [10]
o Short physical performance battery (SPPB) [11]
o Handgrip strength test

• Body composition and nutritional status 
o Bioimpedance analysis (BIA) [12]
o Patient-Generated Subjective Global Assessment (PG-SGA) [13]

• Psychological assessment 
o Hospital Anxiety and Depression Scale (HADS) [14]

• Self-Reported Functional Status and Physical Activity 
o Duke Activity Status Index (DASI) [15]

All tests will be performed following international guidelines and 
standardized verbal instructions. Additional site-specific assessments 
will include cardiopulmonary exercise testing (CPET) to evaluate func
tional capacity and abdominal CT scans to assess body composition.

2.6. Intervention

Participants randomized to the intervention arm will undergo a 
structured multimodal prehabilitation program starting after randomi
zation and continuing up to the time of surgery. The program will 
include three components: physical exercise, nutritional optimization 
and psychological support. The intervention will be tailored based on 
the specific impairments identified during the patient's assessment 
phase. The prehabilitation program will be primarily home-based. To 
ensure safety and adherence, compliance with the program will be 
regularly monitored through weekly phone calls. Furthermore, patients 
will be asked to complete a logbook to track their activities and progress. 
Hospital supervised prehabilitation will be permitted if preferred by a 
participating center.

2.6.1. Physical exercise training
The exercise program will be delivered by certified physiotherapists 

or kinesiologists and may be performed either at home or in a hospital- 
based setting, according to local organization and patient needs. Exer
cise prescription will be individualized following the baseline physical 
assessment, with patients engaging in endurance and resistance training 
three times per week or more, with modalities tailored to baseline 
functional capacity and personal preferences.

Two main aerobic exercise methods will be used: High-Intensity In
terval Training (HIIT) or Moderate Intensity Continuous Training 
(MICT). 

• HIIT involves alternating short bouts of high-intensity exercise at 
85–90% peak power output with recovery periods of light activity. If 
CPET is unavailable, high-intensity exercise will be based on Borg 
Rating of Perceived Exertion Scale (RPE) 17, or 90% of maximum 
heart rate (HRmax).

• MICT consists of continuous exercise performed at moderate in
tensity (80–85% workload at VO2 at, or Borg RPE 11–13, or 55–70% 
HRmax if CPET is unavailable).

Duration of training will be 30 min for HIIT and 40 min for MICT. 
Each modality will include a 5-min warm-up and 5-min cool-down at 

light intensity.
The resistance program will include exercises focusing on major 

muscle groups (upper limbs, trunk, and lower limbs). Patients will 
perform 2–4 sets of 6–12 repetitions, with intensity set at a moderate 
level based on the OMNI Resistance Exercise Scale of perceived exertion. 
Bodyweight exercises and elastic bands will be the preferred modalities. 
During the intervention, patients' responses to exercise will be moni
tored through weekly telephone contacts and self-reporting, allowing 
review of exercises, discussion of difficulties, provision of guidance, and 
reinforcement of motivation. Participants will also receive a PROGRESS 
Trial exercise guidebook, including a detailed program description, the 
Borg scale, and a diary to record exercise type, duration, maximum heart 
rate, and perceived intensity. The diary will be returned before surgery 
to assess adherence to the program. Further details are provided in the 
Supplementary materials.

2.6.2. Nutritional support
At enrollment, a qualified healthcare professional will conduct an 

initial nutritional assessment, including evaluation of habitual dietary 
intake, anthropometric measurements (e.g. body weight and body mass 
index), and review of medical history and comorbidities, with additional 
BIA and biochemical markers when available, to develop an individu
alized nutrition plan. Daily caloric intake will be individualized, with a 
target protein intake of 1.5 g/kg ideal body weight, following surgical 
oncology guidelines. Protein-energy supplements will be prescribed if 
needed, with patients advised to consume 20 g of whey protein imme
diately after each resistance training session. Nutritional education will 
be provided on macronutrient distribution, portion sizes, meal timing, 
and food choices. Patients will complete a food diary documenting foods 
and beverages consumed, including portions and mealtimes. Diaries will 
be reviewed to assess adherence to the nutrition plan and identify areas 
needing support or adjustment. Further details are provided in the 
Supplementary materials.

2.6.3. Psychological support
Counseling sessions will focus on reducing anxiety and enhancing 

coping strategies in preparation for surgery. An initial psychological 
assessment will be conducted by qualified psychologists via video or 
phone to evaluate psychological baseline, stress, coping strategies, 
mental health history, and psychosocial factors affecting prehabilitation 
and recovery. Trained psychology staff will deliver brief interventions 
including relaxation techniques such as guided imagery, visualization, 
and deep breathing exercises. Motivational interviewing and cognitive- 
behavioral strategies may also be applied to address unhelpful thoughts 
and strengthen coping skills, with structured guidance for independent 
practice. Sessions will be documented to monitor progress, with regular 
phone or video follow-ups to address challenges and adjust interventions 
as needed. Further details are provided in the Supplementary materials.

2.7. Standard care group

Participants randomized to the control arm will receive standard 
preoperative care according to the institutional protocols at each 
participating center. This typically includes basic preoperative coun
seling and optimization but without a structured or multimodal pre
habilitation program. All patients in both groups will be managed 
following the ERAS Society guidelines for perioperative care [16] (see 
Supplementary materials).

2.8. Study outcomes

2.8.1. Primary outcome
The primary outcome of the study is the incidence of major post

operative complications within 30 days after surgery, defined as Grade 
III or higher according to the Clavien-Dindo classification. [17]
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2.8.2. Secondary outcomes
The secondary outcomes are time to functional recovery (TFR) in 

postoperative days, [18–20] post-operative length of hospital stay, 
complication severity as measured by the Comprehensive Complication 
Index (CCI), [21] proportion of patients returning to preoperative 
functional walking capacity at 30 days after surgery, self-reported 
physical activity and generic health-related quality of life at 30 days 
after surgery. TFR is defined as the first postoperative day on which all of 
the following criteria are simultaneously met: adequate pain control 
with oral analgesics only, independent mobility, ability to maintain at 
least 50% of the estimated daily caloric requirements, no need for 
intravenous fluid administration, and absence of clinical signs of infec
tion (body temperature < 38.5 ◦C). [18–20].

2.9. Data collection

All data will be prospectively collected and stored in secure, elec
tronic Case Report Forms (eCRFs). Data collection will comply with 
Good Clinical Practice (GCP) guidelines and applicable data protection 
regulations (e.g., General Data Protection Regulation). Participants will 
be assigned unique study identification numbers to ensure confidenti
ality. Only authorized study personnel will have access to identifiable 
participant information.

Data collected will include demographic information, medical his
tory, comorbidities and concurrent conditions, details of the interven
tion, surgical and postoperative data, as well as physical, nutritional, 
and physiological status (Table 1).

2.10. Safety monitoring

During the entire study period, clinical and study staff will work 
together to guarantee protocol adherence and patient safety. Patients 
enrolled in treatment group will not receive any additional medication 
but only a multimodal program to optimize their preoperative func
tional capacity. All safety data will be collected, reviewed, and reported 
according to GCP standards and applicable regulatory requirements.

2.11. Sample size calculation

Among high-risk patients, approximately 40% experience major 
postoperative complications within 30 days after major cancer surgery. 
[22–25] We anticipated that patients in the treatment group would have 
a 15% absolute reduction in this rate (corresponding to a risk ratio of 
0.25/0.40 = 0.63). Using a two-tailed test with a significance level of α 
= 0.05 and a statistical power of 80%, and accounting for continuity 
correction and an interim analysis, the required sample size was esti
mated at 180 patients per group. To accommodate an anticipated 10% 
attrition due to dropouts and missing data, the target enrollment was 
increased to 200 patients per group, resulting in a total sample size of 
400 participants.

2.12. Data analysis

The primary analysis will be conducted according to a modified 
intention-to-treat principle, including all randomized patients who un
derwent surgery, who had a time-window of at least two weeks between 
randomization and surgery, [26] did not withdraw consent, and did not 
undergo surgery at another hospital. A per-protocol analysis will also be 
conducted. Baseline demographic and clinical characteristics will be 
summarized using descriptive statistics. Categorical variables will be 
presented as frequencies and percentages and compared with the two- 
tailed chi-square test or Fisher's exact test when appropriate. The 
normality of continuous variables will be assessed using the Shapir
o–Wilk test. Continuous variables with a skewed distribution will be 
reported as medians and interquartile ranges (IQR), while those with a 
symmetric distribution will be expressed as means and standard de
viations (SD). Continuous variables will be compared using Student's t- 
test or the Wilcoxon rank-sum test, as appropriate based on data dis
tribution. Between-group differences for the primary and secondary 
outcomes will be reported as relative risks (RR) or mean differences with 
their 95% confidence intervals (CI), for dichotomous and continuous 
variables respectively. The significance level will be set at a two-tailed P 
value of <0.05. Statistical analysis will be performed using STATA® 
version 19 software (StataCorp, College Station, TX, USA). Pre-specified 
subgroup analyses will be conducted according to type of surgical 
procedure.

An independent safety committee will conduct an interim analysis at 
50% (n = 200) of enrolled patients. The interim analysis will be carried 
out on the alpha spending models, according to Lan and De Mets, and 
will employ O'Brien- Fleming Z-test boundaries. [27] The efficacy 
stopping rules will require a low P value (P < 0.003). Investigators will 
not be informed of the results of the interim analysis.

3. Discussion

3.1. Significance

The findings of this study are expected to contribute significantly to 
the developing field of perioperative oncology care. Postoperative 
complications are associated with prolonged hospital stay, increased 
costs, and increased morbidity and mortality.

Prehabilitation represents a paradigm shift—from reactive post
operative rehabilitation to proactive preoperative optimization. The 
rationale is grounded in the understanding that cancer patients often 

Table 1 
Study procedures.

Screening Study Revaluation Follow-up 
(after surgery)

>3 
weeks

Day before 
surgery

30 
days

90 
days

Inclusion/exclusion 
criteria

✓

Randomization ✓
Clinical evaluation ✓ ✓ ✓ ✓
6MWT ✓ ✓ ✓
SPPB ✓ ✓ ✓
Strength test ✓ ✓ ✓
Weight ✓ ✓ ✓ ✓
Height ✓ ✓ ✓ ✓
BMI ✓ ✓ ✓ ✓
Circumferences ✓ ✓ ✓
BIA ✓ ✓ ✓
Blood examinations ✓ ✓ ✓
DASI ✓ ✓ ✓ ✓
PG-SGA ✓ ✓ ✓ ✓
HADS ✓ ✓ ✓ ✓
EQ-5D-5L ✓ ✓

Additional procedures only for treatment group
Physical exercise 

training
✓

Nutritional support ✓
Psychological 

support
✓

SAFETY
Adverse events ✓ ✓ ✓ ✓ ✓

Abbreviations: 6MWD = 6-min walk distance; BIA = Bioimpedance analysis; 
BMI = Body mass index; DASI = Duke Activity Status Index; EQ-5D-5L =
EuroQol 5-Dimensions 5-Levels; HADS = Hospital Anxiety and Depression Scale; 
PG-SGA = Patient-Generated Subjective Global Assessment; SPPB = short 
physical performance battery.
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face diminished functional reserves due to chronic inflammation, 
malnutrition, and functional decline induced by both the disease and its 
treatment. [28] Early tailored physical, nutritional, and psychological 
interventions might be a valuable approach to reduce the risk of peri
operative morbidity and enhance recovery. Nonetheless, optimal stra
tegies to preserve functional status have yet to be defined. Our clinical 
and research interest is meant to fulfill this gap. In patients undergoing 
elective cancer surgery, the preoperative period represents a unique 
opportunity to address comorbidities and modifiable risk factors, 
improve functional capacity and address deficiencies, which might 
otherwise hinder surgery and recovery.

Poor nutritional status is a significant concern throughout the con
tinuum of cancer care [29] with a high incidence of unintended weight 
loss (>70%) and sarcopenia (26–75%) at diagnosis, worsened by anti- 
cancer therapies. Unmanaged nutritional deficits during the preopera
tive period can result in a worsening of body composition, physiological 
reserves, short and long-term functional status and quality of life. 
[30,31] Moreover, surgery itself represents a significant physiological 
stress requiring increased energy and nutritional intake to facilitate 
healing.

Loss of muscle mass often leads to deconditioning increasing the risk 
of dose-limiting toxicities and surgical morbidity. [32,33] These find
ings emphasize the role of physical fitness as critical determinant of 
cancer care. As disease and therapies affect different aspects of health 
and well-being, the importance for appropriate screening of patient's 
psychological status cannot be understated. Disease-related symptoms, 
functional decline and poor prognosis frequently result in manifesta
tions of anxiety and depression following diagnosis, which are often 
exacerbated by the side-effects of neoadjuvant therapies. [32] Multi
modal and multidisciplinary prehabilitation aims to address all the de
terminants of increased perioperative risk in this clinical setting. 
Enrollment in the PROGRESS trial, in addition, will not cause any delay 
in planned cancer surgery, since four weeks is the average length of the 
surgical waiting list [8] for most gastrointestinal procedures. If this trial 
shows a positive impact on the study outcomes, it could provide a 
foundation for incorporating structured prehabilitation into standard 
surgical procedures. This would not only improve patient outcomes but 
also set a new standard in perioperative care for cancer patients, while 
potentially lowering healthcare costs at the national level.

3.2. Strengths and limitations

The selection of a very specific and homogeneous population (pa
tients undergoing gastrointestinal cancer surgery) is in line with previ
ous existing randomized trials [7] and gives strength to the results and 
their interpretation. At the same time, it could limit the enrollment 
speed; furthermore, the results obtained in this population cannot be 
immediately transferred to all cancer surgery patients. The use of vali
dated tools like the 6-min walk test, PG-SGA, HADS and BIA aims to 
detect specific deficits in cardiorespiratory fitness, nutritional status, 
and psychological well-being. This thorough evaluation ensures that 
interventions are both comprehensive and personalized, potentially 
maximizing their impact. Emphasis on individualized care is a key 
strength.

Unlike most previous prehabilitation studies, PROGRESS is designed 
as a multicenter trial with a large sample size, adequately powered to 
detect the effect of prehabilitation on clinically relevant outcomes. 
Among prior large randomized controlled trials, the PREHAB study 
enrolled 251 patients undergoing colorectal cancer surgery and pro
vided a hospital-supervised prehabilitation program. [8] However, it 
failed to achieve the preplanned sample size of 714 patients due to 
disruptions caused by the COVID-19 pandemic. More recently, the 
PREPARE trial randomized 847 frail patients to either a home-based 
prehabilitation program or standard care, without focusing on a spe
cific surgical population, with gastrointestinal surgery accounting for 
approximately 40% of the study cohort. [34]

Nonetheless, challenges remain and might influence the results of the 
study. Patient's adherence to home-based prehabilitation protocols, 
variability in baseline functional status, and other confounding periop
erative factors must be carefully considered in the interpretation of re
sults. Prehabilitation should not be evaluated only in terms of efficacy, 
but also in terms of sustainability and cost-effectiveness, which goes 
beyond the aim of this paper.

Consent to participate and study approval

The trial has been approved by the Comitato Etico Lombardia 1 at 
IRCCS San Raffaele Scientific Institute, Milan, Italy (CET 191–2023) and 
each participating center.

All patients who fulfill the study criteria will be informed about the 
rationale of the study and any aspect concerning intervention, data 
collection, storage, management, and about follow-up strategies. Writ
ten informed consent will be obtained from all the patients that are 
recruited for the trial by study staff.

PROGRESS Study Group Collaborators

Viviana Teresa Agosta1, Sara Bacilieri1, Alessandra Bonaccorso1, 
Matteo Aldo Bonizzoni1, Matteo Borello1, Alice Bottussi1, Simone 
Bruno1, Maria Rosa Calvi1, Benedetta Chiodi1, Giuseppe Giardina1, 
Giulia Ginestrini1, Niki Kaufam Donetski1, Giovanni Landoni1,2, Rosalba 
Lembo1, Rosario Losiggio1, Chiara Mariotti1, Elena Moizo1, Edoardo 
Mongardini1, Giacomo Monti1,2, Cristina Nakhnoukh1, Alessandro 
Oriani1, Paolo Pallavicini1, Erica Ronca1, Luisa Zaraca1, Francesca 
Fermi2,3, Silvia Battaglia4, Agnese Carresi4, Riccardo Rosati2,4, Gustavo 
Corti5, Özgün Ömer Asiller6, Andrea Tognaccini7, Alessandra Di Gloria7, 
Giulia Maj8, Michela Villano9, Filippo Sanfilippo10,11, Remo Daniel 
Covello12, Marc Vives13, Claudia Brusasco14, Marco Micali14, Nicolò 
Tamini15, Mauro Totis15, Francesca Ratti16, Eugenio Garofalo17, Sebas
tian Labenbacher18, Giulia Tognana19, Diana Grandis20, Andrea Ven
turin20, Gianluca Paternoster21, Jacopo Weindelmayer22, Simona 
Deidda23, Angelo Restivo23, Pasquale Sansone24, Antonello Dis
cenza25,26, Chong Lei27

Affiliations
1Department of Anesthesia and Intensive Care, IRCCS San Raffaele 

Scientific Institute, Milan, Italy
2School of Medicine, Vita-Salute San Raffaele University, Milan, Italy
3Division of Pancreatic and Transplant Surgery, IRCCS San Raffaele 

Scientific Institute, Milan, Italy
4Department of Gastrointestinal Surgery, IRCCS San Raffaele Scien

tific Institute, Milan, Italy
5Department of Rehabilitation and Functional Recovery, IRCCS San 

Raffaele Scientific Institute, Milan, Italy
6Faculty of Medicine, Department of Anesthesia and Intensive Care, 

Ankara University, Ankara, Turkey
7Prehabilitation Unit, Azienda Ospedaliero-Universitaria Careggi, 

Florence, Italy
8Azienda Ospedaliera Universitaria SS Antonio e Biagio e Cesare 

Arrigo, Alessandria, Italy
9Department of Cardiothoracic Anaesthesiaand Intensive Care, 

Azienda Ospedaliero Universitaria Pisana, Pisa, Italy
10Department of Anaesthesia and Intensive Care, A.O.U. Policlinico- 

San Marco, Site "Policlinico G. Rodolico", Catania, Italy
11Department of General Surgery and Medical-Surgical Specialties, 

Section of Anesthesia and Intensive Care, University of Catania, Catania, 
Italy

12Anesthesia and Intensive Care Unit, Emergency Department, Busto 
Arsizio Hospital, ASST Valle Olona, Busto Arsizio, Italy

13Anesthesiology & Critical Care, Clinica Universidad de Navarra, 
Pamplona, Spain

14Anaesthesia and Intensive Care, E.O. Ospedali Galliera, Genoa, 
Italy
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15Chirurgia Generale 1, Fondazione IRCCS San Gerardo dei Tintori, 
Monza, Italy

16Division of Hepatobiliary Surgery, IRCCS San Raffaele Scientific 
Institute, Milan, Italy

17Anaesthesia and Intensive Care, Department of Medical and Sur
gical Sciences, Magna Graecia University, Catanzaro, Italy

18Division of Anaesthesiology and Intensive Care Medicine 1, Med
ical University of Graz, Graz, Austria

19Dietetics and Clinical Nutrition, Padua University Hospital, Padua, 
Italy

20Orthopedic Rehabilitation, Padua University Hospital, Padua, Italy
21Department of Health Science, Anesthesia and ICU, School of 
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