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1. Background 

 
Cancer is one of the leading causes of surgery in elderly patients. In our previous study of the “Effects of two 
different anesthesia-analgesia methods on incidence of postoperative delirium in elderly patients: a multicenter 
randomized controlled trial (PUCRP 201101)”, about 92% of enrolled patients underwent surgery for cancer. 
Surgery is an important part of cancer treatment; in fact, it is the main treatment for resectable solid organ 
cancers. Cancer recurrence/metastasis is the main reason that affects the long-term outcome after cancer 
surgery. According to previous studies, cancer recurrence develops in about 30-40% of patients after radical 
surgery for stage II-III colorectal cancer; cancer recurrence mainly occurred within 2 years.1 And metastasis is 
responsible for about 90% of all cancer deaths.2 

 
The development of recurrence/metastasis after cancer surgery depends largely on the balance between the 

anti-metastatic immune function of the body and the ability of the residual cancer cells to implant, proliferate 
and attract new blood vessels.3 It is true that the primary cancer is resected during surgery; however, surgery or 
surgery-related response may promote cancer recurrence/metastasis, possibly through the following ways. 
Firstly, even with the most advanced surgical techniques, cancer cells enter the lymphatic system and blood 
circulation during surgery in a significant proportion of patients.4,5 Secondly, cancer resection reduces tumor-
related anti-angiogenic factors 6 but increases pro-angiogenic factors such as vascular endothelial growth factor 
(VEGF);7 these may promote the growth of local and distant cancer.8 Thirdly, surgery may induce inhibition of 
cell-mediated immunity including the function of cytotoxic T cells and natural killer cells which are the primary 
anti-tumor cells,9,10 possibly by surgery-related stress response,11-14 blood loss and transfusion,15,16 
hypothermia,17,18 and even perioperative anxiety.9,19-24 The peak of immunosuppression was thought to occur on 
the third day after surgery.25 

 

Anesthesia and perioperative management may also affect long-term outcomes after cancer surgery.26 Many 
evidences come from experimental studies. For example, isoflurane and halothane inhibit the toxicity of 
interferon-enhanced NK cells; sevoflurane suppresses cytokine release from NK cells and NK cell-related 
cells.27,28 Hypoxia inducible factors (HIFs) plays an important role in tumor formation and metastasis, high 
levels HIFs are closely associated with poor prognosis.29-34 Studies found that inhalation of anesthetic drugs 
(including isoflurane, sevoflurane, desflurane, nitric oxide and xenon) can upregulate the expression of HIFs,35-

44 but the effects on cancer patients remain unclear. In addition, inhaled anesthetics can modulate gene 
expression in breast and brain tumor cells.45 Among intravenous anesthetics, ketamine and thiopental are found 
to suppress NK cell activity and promote tumor metastasis.46 On the other hand, propofol and barbiturates may 
block the translation of HIFs mRNA, and then down-regulate HIFs.47,48 Experimental studies also showed that 
propofol inhibits the invasion of cancer cells;49 but clinical significance is not clear. Opioids are used to relieve 
perioperative pain, but may also inhibits cellular and humoral immune function. In animal studies, clinically 
relevant dose opioids can inhibit NK cell activity, and promote tumor growth and angiogenesis;50,51 but 
conflicting evidence also exists.52,53 On the other hand, local anesthetic drugs have effect of membrane 
stabilization and can inhibit invasion and proliferation of cancer cells in experimental studies.54,55 

 
Intense and persistent stress response during the perioperative period may promote metastasis by suppressing 

immune function.9 Regional anesthesia such as neuraxial anesthesia can block the noxious afferent stimuli to 
the central nervous system; and thus, blunt the activation of the sympathetic nervous system, relieve the 
neuroendocrine response, and reduce the requirement for opioids. In clinical studies, use of thoracic epidural 
anesthesia is associated with lower concentrations of stress hormones, less release of endogenous opioids, and 
milder immunosuppression after surgery.56,57 In another study, women who underwent breast cancer surgery 
with paravertebral block and propofol sedation had lower serum concentration of vascular endothelial growth 
factor (VEGF) than those with general anesthesia.58 Theoretically, use of epidural anesthesia/analgesia during 
cancer surgery may help to reduce postoperative recurrence and metastasis. 

 
Whether regional anesthesia can provide beneficial effects on tumor recurrence and metastasis remain 

unclear. Current evidence mainly comes from retrospective studies. Biki et al.59 analyzed data of patients after 
radical prostatectomy; after adjusting for confounding factors, use of epidural anesthesia was associated with a 
reduced risk of recurrence by about 57%. Exadaktylos et al.60 also reported that women who received 
paravertebral block during breast cancer surgery had lower recurrence and metastasis rate at 36 months. In 
some studies, the advantages of epidural anesthesia appear only in some subgroups. For example, in a study of 
patients undergoing colorectal cancer surgery, epidural anesthesia was associated with a lower cancer 
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recurrence only in patients older than 64 years of age.61 In another study, epidural anesthesia was associated 
with a reduced long-term mortality in patients after rectal cancer surgery but not colon cancer surgery.62 
However, there are also studies that reported no beneficial effects. In a post-hoc analysis of randomized trial, 
Myles et al.63 reported that use of epidural anesthesia during major abdominal cancer surgery did not improve 
cancer-free survival. Recently, Chen et al.64 conducted a meta-analysis and found that use of epidural 
anesthesia/analgesia might be associated with improved overall survival after surgery for operable cancer; 
however, no advantage was found regarding recurrence and metastasis. Therefore, prospective randomized 
controlled trials are required to further clarify the effect of epidural anesthesia on long-term outcomes after 
cancer surgery. 

 
We hypothesize that use of epidural anesthesia/analgesia during cancer surgery may reduce 

recurrence/metastasis and improve long-term survival, possibly by blunting stress response and relieving 
immunosuppression.  

 

2. Objective 

 

To investigate whether “combined epidural-general anesthesia and postoperative epidural analgesia” compared 
with “general anesthesia and postoperative intravenous analgesia” can improve long-term survival in elderly 
patients after major thoracic and abdominal surgery for cancer. 

 

3. Study design 

 

3.1 Type of the study 

It is a long-term follow-up of patients enrolled in the underlying trial “Effects of two anesthesia-analgesic 
methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and abdominal 
surgery: a multicenter randomized controlled trial (PUCRP 201101)”. The outcome assessors are not aware of 
the group assignment and results of the previous trial during the follow-up period. 

 

3.2 Participating centers 

This multicenter trial is conducted in seven tertiary care hospitals affiliated with Peking University in Beijing, 
China. The seven participating centers include Peking University First Hospital, Peking University People’s 
Hospital, Peking University Third Hospital, Beijing Hospital, Beijing Shijitan Hospital, Beijing Cancer 
Hospital, and China-Japan Friendship Hospital. 

 

4. Study population 

 

4.1 Participants 

Potential participants are patients who are enrolled in the underlying trial “Effects of two anesthesia-analgesic 
methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and abdominal 
surgery: a multicenter randomized controlled trial (PUCRP 201101)”, completed the trial and agreed to receive 
postoperative follow-up via telephone. The underlying trial was initiated from November 21, 2011, and planned 
to enroll 1800 patients. Up to now, there are more than 900 patients recruited; about 170 patients has been 
recruited for more than 2 years. 

 

4.2 Inclusion and exclusion criteria of the underlying trial 

The inclusion and exclusion criteria of the underlying trial include the following. 
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4.2.1 Inclusion criteria: 

4.2.1.1 Elderly patients (aged 60-90 years). 

4.2.1.2 Scheduled to undergo non-cardiac thoracic or abdominal surgery with an expected duration of 2 hours 
or longer.  

4.2.1.3 Agreed to receive postoperative patient-controlled analgesia. 

4.2.2 Exclusion criteria: 

4.2.2.1 Previous history of schizophrenia, epilepsy or Parkinson disease, or unable to complete preoperative 
assessment due to severe dementia, language barrier or end-stage disease. 

4.2.2.2 History of myocardial infarction or stroke within 3 months before surgery. 

4.2.2.3 Any contraindication for epidural anesthesia and analgesia, including abnormal vertebral anatomy, 
previous spinal trauma or surgery, severe chronic back pain, coagulation disorder (prothrombin time or 
activated partial prothrombin time longer than 1.5 times of the upper normal limit, or platelet count of less than 
80×109/L), local infection near the site of puncture, and severe sepsis. 

4.2.2.4 Severe heart dysfunction (New York Heart Association functional classification 3 or above), hepatic 
insufficiency (Child-Pugh grade C), or renal insufficiency (serum creatinine of 442 μmol/L or above, with or 
without serum potassium of 6.5 mmol/L or above, or requirement of renal replacement therapy). 

4.2.2.5 Any other conditions that were considered unsuitable for the study participation. 

 

4.3 Criteria of drop-out of the underlying trial 

4.3.1 Study intervention was not administered (due to failed epidural puncture, failed epidural catheterization, 
epidural catheter obstruction, blood appear in epidural catheter, inadequate epidural analgesia, etc.). 

4.3.2 Intervention was interrupted by the investigators/anesthesiologists (due to adverse events). 

4.3.3 Use of a prohibited drugs. 

The causes of protocol deviation should be recorded and corrected when possible. The cases would be followed 
up according to the study protocol and included in the intention-to-treat analysis. 

4.3.4 Withdraw consent after intervention started. 

The situation should be recorded. The primary therapeutic effects recorded in the last time will be regarded as 
the final results. The cases will be included in the intention-to-treat analysis. 

 

4.4 Criteria of elimination of the underlying trial 

Included patients will be excluded if they meet any of the following criteria: 

4.4.1 Withdraw consents before intervention. 

4.4.2 Surgery cancelled. 

4.4.3 No assessment result of the primary outcome. 

The causes of elimination should be explained. The case will be excluded from the intention-to-treat analysis. 
The case report forms will be preserved for reference. 

 

5. Long-term follow-ups 

 

5.1 Requirements for investigators 
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Investigators who perform the long-term follow-ups are not involved in patient management during the 
underlying and have no knowledge of study group assignment. They will be specially trained for long-term 
follow-ups and authorized by the principle investigator. 

 

5.2 Preparation before follow-ups 

History of surgery will be re-checked in the electronic medical record system; the results of pathological 
examination of surgical specimens (including the Tumor-Node-Metastasis [TNM] stage of cancer) and the 
diagnoses at hospital discharge will be collected. 

 

5.3 Conduct of long-term followed-ups 

5.3.1 Long-term follow-ups will be performed from the second year after surgery via telephone interview (after 
ethic approval), for a period of up to 3 years after surgery.  

5.3.2 Data collection during long-term follow-ups includes the following: 

5.3.2.1 Results of postoperative re-examinations. For patients after cancer surgery, cancer recurrence is defined 
as reappearance of the same cancer in the original place or in the organs/lymph nodes near the place it first 
started; cancer metastasis is defined as reappearance of the same cancer in another part of the body, with some 
distance from where it started. For patients with confirmed cancer recurrence and/or metastasis, the date of 
earliest diagnoses and subsequent therapies will be documented. 

5.3.2.2 Postoperative therapies for the primary surgical disease. For patients after cancer surgery, anti-cancer 
therapies may include radiotherapy, chemotherapy, interventional therapy, reoperation, and others therapies. 

5.3.2.3 Re-hospitalization after surgery. Reasons leading to re-hospitalization will be documented, including 
recurrence/metastasis of the original cancer, new cancer, new serious non-cancer disease, or other conditions. 
The diagnostic evidences and treatments will be documented.  

5.3.2.4 For 3-year survivors, cognitive function will be assessed with the modified Telephone Interview for 
Cognitive Status (TICS-m; a 12-item questionnaire that assesses global cognitive function by verbal 
communication via telephone. The score ranges from 0 to 50, with higher score indicating better function);65 
quality of life will be assessed with the World Health Organization Quality of Life-brief version (WHOQOL-
BREF; a 24-item questionnaire that provides assessments of the quality of life in physical, psychological, and 
social relationship, and environmental domains. For each domain, the score ranges from 0 to 100, with higher 
score indicating better function).66  

5.3.2.5 For patients who die during the follow-up period after surgery, the exact date of death will be recorded 
(consistent with death certificate). The causes of death will be documented. Cancer-specific death is defined as 
death fully attributable to a specific cancer, i.e., the cancer for which the surgery is performed during the 
underlying trial.67 Cancer-specific death usually occur after cancer recurrence and/or metastasis, with other 
causes including stroke, myocardial infarction or accident excluded.  

 

5.4 Management of patients lost to follow-up 

5.4.1 Patients or their family members will be contacted for at least 5 attempts on 5 different days before they 
are marked as lost to follow-up.  

5.4.2 For patients who are lost to contact, the following systems will be checked in order to minimize the rate of 
loss-to-follow-up, i.e., the laboratory test system, imaging examination system, medical insurance system, and 
outpatient registration system of the hospital.  

5.4.3 For patients who are lost-to-follow-up, the time of last hospital visits after surgery recorded in the in- or 
outpatient medical record system will be adopted as the censoring time.  

 

6. Efficacy outcomes 
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6.1 Primary outcome  

Overall survival, which is defined as the time from surgery to the date of all-cause death.  

 

6.2 Secondary outcomes 

6.2.1 Overall survival in cancer patients. Overall survival is defined as the time from surgery to the date of all-
cause death. 

6.2.2 Time to cancer recurrence and/or metastasis after surgery in all and cancer patients. 

6.2.3 Time to re-hospitalization after surgery in all and cancer patients. 

6.2.4 All-cause mortality rate at 1, 2 and 3 years after surgery in all and cancer patients. 

6.2.5 Cognitive function in 3-year survivors, which will be assessed with the TICS-m at the end of the 3rd year 
after surgery. 

6.2.6 Quality of life in 3-year survivors, which will be assessed with the WHOQOL-BREF at the end of the 3rd 
year after surgery. 

 

7. Withdrawal from long-term follow-ups 

 

7.1 Participants will be withdrawn from long-term follow-ups in the following conditions: 

7.1.1 Requested by participants or legal representatives of participants. 

7.1.2 Considered to be unsuitable for continued follow-ups by the investigators. 

 

7.2 For patients who are withdrawn from the long-term follow-ups, detailed reasons leading to withdrawal will 
be recorded. Follow-up data of the last visit will be recorded. 

 

8. Safety consideration 

 

This is a long-term follow-up of patients enrolled in our underlying study “Effects of two different anesthesia-
analgesia methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and 
abdominal surgery: a multicenter randomized controlled trial (PUCRP 201101)”. There are no additional 
interventions; and, therefore, there are no additional risks for the patients.  

 

9. Unmasking of group assignment 

9.1 After the follow-ups of all cases have been completed, the data of case report forms have been checked as 
correct and the data entry have been finished, the database will be checked by the data manager. 

9.2 After the database is locked, unmasking will be conducted. The database will be sent to the statisticians for 
statistical analysis. 

 

10. Data management  

10.1 The investigators should record data timely, completely and correctly according to the original 
examinations and follow-up assessments. 
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10.2 The completed case report forms, after signed by the supervisors, will be sent to a clinical data custodian. 

10.3 After the data in the case report forms have been input and checked, the case report forms will be stored in 
sequence order.  

10.4 Data management will be inspected by Peking University Clinical Research Institute. 

 

11. Statistical analysis 

 

11.1 General principles 

11.1.1 Numeric variables will be presented as mean ± standard deviation or median (interquartile range). 
Categorical variables will be presented as number (%).  

11.1.2 Two‐tailed tests will be used in all statistical analysis unless otherwise indicated, and P<0.05 will be 
considered statistically significant.  

11.1.3 The primary and secondary outcomes will be analyzed in an intention-to-treat population, i.e., all patients 
are analyzed in the group to which they are randomized and received at least part of study intervention. If 
epidural anesthesia and/or analgesia fail, these patients will be converted to general anesthesia and intravenous 
analgesia but will be analyzed in the group to which they are randomized. Also, we will do per-protocol 
analysis for the primary endpoint, in this case, drop-out patients will be excluded. 

 

11.2 Patient enrolment, drop-out/elimination and lost-to-follow-up 

The status of patient recruitment, drop-out/elimination and lost-to-follow-up will be summarized and listed. 
Comparison of the overall elimination/drop-out and lost-to-follow-up rate between the two groups will be 
performed with chi square test. 

 

11.3 Demographics and baseline characteristics 

11.3.1 Demographics and baseline data will be presented.  

11.3.2 For between-group differences, numeric variables will be compared with independent-sample t test or 
Wilcoxon test. Categorical variables will be compared with chi square test, continuity-corrected chi-square test 
or Fisher's exact test. Ordinal variables will be compared with Wilcoxon test or Cochran-Mantel-Haenszel test. 

 

11.4 Efficacy analysis 

11.4.1 Evaluation of primary endpoint 

The overall survival after surgery will be analyzed using a Kaplan-Meier estimator with differences between 
groups assessed by log-rank test; a Cox proportional hazards model will be used to adjust for potential 
confounding factors. The estimated difference between two groups will be expressed as hazard ratio and 95% 
CI. Patients who are lost to follow-up will be censored at the time of last contact. 

11.4.2 Evaluation of secondary endpoints  

11.4.2.1 Time-to-event variables (time to cancer recurrence/metastasis and time to rehospitalization after 
surgery) will be analyzed using a Kaplan-Meier estimator with differences between groups assessed by log-rank 
test; Cox proportional hazards models will be used to adjust for potential confounding factors. The estimates 
hazard ratios and 95% CIs will be provided. Patients who are lost to follow-up will be censored at the time of 
last contact. 

11.4.2.2 All-cause mortality rate at 1, 2 and 3 years will be obtained from survival analysis tables and the 
difference between groups will be calculated with tests based on a cloglog transformation of the Kaplan–Meier 
estimator.68 
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11.4.2.3 The scores of cognitive function and quality of life in 3-year survivors after surgery will be analyzed 
using the independent sample t test or the Mann-Whitney U test. The difference between two means/medians 
and 95% CI will be provided. The difference between two medians (and 95% CI) will be calculated with the 
Hodges-Lehmann estimator. Missing data will not be replaced.  

11.4.2.4 For the subgroup of cancer patients, time-to-event variables (overall survival, time to cancer 
recurrence/metastasis, and time to rehospitalization after surgery) will be analyzed using a Kaplan-Meier 
estimator with differences between groups assessed by log-rank test; Cox proportional hazards models will be 
used to adjust for potential confounding factors. The estimates hazard ratios and 95% CIs will be provided. 
Patients who are lost to follow-up will be censored at the time of last contact.  

 

12. Quality control and quality assurance 

12.1 Investigators who perform long-term follow-ups are not involved in patient management during the 
underlying trial and have no knowledge of study group assignment. They are trained to do the long-term follow-
ups according to the study protocol and authorized by the principle investigator.  

12.2 The conduct of the study will be monitored by the Peking University Clinical Research Institute.  

12.3 Statistical analysis will be performed by the Department of Biostatistics of Peking University First 
Hospital.  

 

13. Ethics requirements  

 

13.1 Ethics Committee 

The study protocol must be approved by the local Clinical Research Ethics Committees before the study can be 
started. The investigators must strictly follow the Helsinki Declaration and China's relevant clinical trial 
management regulations. The principal investigator is responsible to report the status and the progress of the 
study to the Ethics Committee. 

 

13.2 Oral consent of study participation 

As the follow-up is pure observational without any interventions, we apply to waive the written informed 
consent for this subsequent telephone contact. However, for each patient, investigators are responsible to 
explain the purpose of this study in an oral manner. The investigators must let every patient know that he/she 
has the right to refuse follow-up at any time. Every patient must give an oral consent before follow-up can be 
performed. The explanation by the investigators and oral consents of the participants will be recorded and kept 
as a part of the clinical trial documents. For patients with mild dementia or incompetence, oral consents must be 
obtained from legal representatives.  

 

13.3 Privacy and confidentiality  

13.3.1 During the study period, the collected data from participants are labelled with special recruitment 
numbers and acronyms of names.  

13.3.2 All personal information of the participants will be kept confidential. The filing cabinets storing the 
study documents will be locked. Apart from the study investigators, only authorized inspectors from the 
Scientific Research Department or members from the Ethics Committee of Peking University First Hospital are 
allowed to access the information.  

13.3.3 Results of the study will be published as scientific articles. But all personal data (including name and 
age, etc.) are strictly confidential.  

 

14. Study termination  
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Long-term follow-up will be performed for a period of up to 3 years (from the recruitment of the last patient). 
Decision to terminate follow-up will be made by the principal investigator.  

 

15. Preservation of documents  

 

Investigators will carefully preserve all documents and data of the clinical trial according to the requirements of 
Good Clinic Practice for a period of 5 years. 

 

16. Declaration of interests  

 

This trial is funded by the National Key R&D Program of China (2018YFC2001800) and the Peking University 
Clinical Research Program (PUCRP201101). The investigators declare no conflict of interests.  
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1. Background 

 
Cancer is one of the leading causes of surgery in elderly patients. In our previous study of the “Effects of two 
different anesthesia-analgesia methods on incidence of postoperative delirium in elderly patients: a multicenter 
randomized controlled trial (PUCRP 201101)”, about 92% of enrolled patients underwent surgery for cancer. 
Surgery is an important part of cancer treatment; in fact, it is the main treatment for resectable solid organ 
cancers. Cancer recurrence/metastasis is the main reason that affects the long-term outcome after cancer 
surgery. According to statistics in China, the estimated 5-year survival after cancer diagnosis was 37% in 2015.1 
And metastasis is responsible for about 90% of all cancer deaths.2 

 
The development of recurrence/metastasis after cancer surgery depends largely on the balance between the 

anti-metastatic immune function of the body and the ability of the residual cancer cells to implant, proliferate 
and attract new blood vessels.3 It is true that the primary cancer is resected during surgery; however, surgery or 
surgery-related response may promote cancer recurrence/metastasis, possibly through the following ways. 
Firstly, even with the most advanced surgical techniques, cancer cells enter the lymphatic system and blood 
circulation during surgery in a significant proportion of patients.4,5 Secondly, cancer resection reduces tumor-
related anti-angiogenic factors6 but increases pro-angiogenic factors such as vascular endothelial growth factor 
(VEGF);7 these may promote the growth of local and distant cancer.8 Thirdly, surgery may induce inhibition of 
cell-mediated immunity including the function of cytotoxic T cells and natural killer cells which are the primary 
anti-tumor cells,9,10 possibly by surgery-related stress response,11-14 blood loss and transfusion,15,16 
hypothermia,17,18 and even perioperative anxiety.9,19-24 The peak of immunosuppression was thought to occur on 
the third day after surgery.25 

 
Anesthesia and perioperative management may also affect long-term outcomes after cancer surgery.26 Many 

evidences come from experimental studies. For example, isoflurane and halothane inhibit the toxicity of 
interferon-enhanced NK cells; sevoflurane suppresses cytokine release from NK cells and NK cell-related 
cells.27,28 Hypoxia inducible factors (HIFs) plays an important role in tumor formation and metastasis, high 
levels HIFs are closely associated with poor prognosis.29-34 Studies found that inhalation of anesthetic drugs 
(including isoflurane, sevoflurane, desflurane, nitric oxide and xenon) can upregulate the expression of HIFs,35-

44 but the effects on cancer patients remain unclear. In addition, inhaled anesthetics can modulate gene 
expression in breast and brain tumor cells.45 Among intravenous anesthetics, ketamine and thiopental are found 
to suppress NK cell activity and promote tumor metastasis.46 On the other hand, propofol and barbiturates may 
block the translation of HIFs mRNA, and then down-regulate HIFs.47,48 Experimental studies also showed that 
propofol inhibits the invasion of cancer cells;49 but clinical significance is not clear. Opioids are used to relieve 
perioperative pain, but may also inhibits cellular and humoral immune function. In animal studies, clinically 
relevant dose opioids can inhibit NK cell activity, and promote tumor growth and angiogenesis;50,51 but 
conflicting evidence also exists.52,53 On the other hand, local anesthetic drugs have effect of membrane 
stabilization and can inhibit invasion and proliferation of cancer cells in experimental studies.54,55 

 
Intense and persistent stress response during the perioperative period may promote metastasis by suppressing 

immune function.9 Regional anesthesia such as neuraxial anesthesia can block the noxious afferent stimuli to 
the central nervous system; and thus, blunt the activation of the sympathetic nervous system, relieve the 
neuroendocrine response, and reduce the requirement for opioids. In clinical studies, use of thoracic epidural 
anesthesia is associated with lower concentrations of stress hormones, less release of endogenous opioids, and 
milder immunosuppression after surgery.56,57 In another study, women who underwent breast cancer surgery 
with paravertebral block and propofol sedation had lower serum concentration of vascular endothelial growth 
factor (VEGF) than those with general anesthesia.58 Theoretically, use of epidural anesthesia/analgesia during 
cancer surgery may help to reduce postoperative recurrence and metastasis. 

 
Whether regional anesthesia can provide beneficial effects on tumor recurrence and metastasis remain 

unclear. Current evidence mainly comes from retrospective studies. Biki et al.59 analyzed data of patients after 
radical prostatectomy; after adjusting for confounding factors, use of epidural anesthesia was associated with a 
reduced risk of recurrence by about 57%. Exadaktylos et al.60 also reported that women who received 
paravertebral block during breast cancer surgery had lower recurrence and metastasis rate at 36 months. In 
some studies, the advantages of epidural anesthesia appear only in some subgroups. For example, in a study of 
patients undergoing colorectal cancer surgery, epidural anesthesia was associated with a lower cancer 
recurrence only in patients older than 64 years of age.61 In another study, epidural anesthesia was associated 
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with a reduced long-term mortality in patients after rectal cancer surgery but not colon cancer surgery.62 
However, there are also studies that reported no beneficial effects. In a post-hoc analysis of randomized trial, 
Myles et al.63 reported that use of epidural anesthesia during major abdominal cancer surgery did not improve 
cancer-free survival. Recently, Chen et al.64 conducted a meta-analysis and found that use of epidural 
anesthesia/analgesia might be associated with improved overall survival after surgery for operable cancer; 
however, no advantage was found regarding recurrence and metastasis. Therefore, prospective randomized 
controlled trials are required to further clarify the effect of epidural anesthesia on long-term outcomes after 
cancer surgery. 

 
We hypothesize that use of epidural anesthesia/analgesia during cancer surgery may reduce 

recurrence/metastasis and improve long-term survival, possibly by blunting stress response and relieving 
immunosuppression.  

 

2. Objective 

 

To investigate whether “combined epidural-general anesthesia and postoperative epidural analgesia” compared 
with “general anesthesia and postoperative intravenous analgesia” can improve long-term survival in elderly 
patients after major thoracic and abdominal surgery for cancer. 

 

3. Study design 

 

3.1 Type of the study 

It is a long-term follow-up of patients enrolled in the underlying trial “Effects of two anesthesia-analgesic 
methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and abdominal 
surgery: a multicenter randomized controlled trial (PUCRP 201101)”. The outcome assessors are not aware of 
the group assignment and results of the previous trial during the follow-up period. 

 

3.2 Participating centers 

This multicenter trial is conducted in five tertiary care hospitals affiliated with Peking University in Beijing, 
China. The five participating centers include Peking University First Hospital, Peking University People’s 
Hospital, Peking University Third Hospital, Beijing Hospital, and Beijing Shijitan Hospital. 

 

4. Study population 

 

4.1 Participants 

Potential participants are patients who were enrolled in the underlying trial “Effects of two anesthesia-analgesic 
methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and abdominal 
surgery: a multicenter randomized controlled trial (PUCRP 201101)”, completed the trial and agreed to receive 
postoperative follow-up via telephone. The underlying trial was conducted from November 2011 to May 2015. 
A total of 1,802 patients were recruited, of whom 901 received combined epidural-general anesthesia plus 
postoperative epidural analgesia and 901 received general anesthesia plus postoperative intravenous analgesia. 
Of these, a total of 1,720 patients completed the underlying trial and were included in this long-term follow-up 
study, including 857 in the combined epidural-general anesthesia group and 863 in the general anesthesia group.  

 

4.2 Inclusion and exclusion criteria of the underlying trial 

The inclusion and exclusion criteria for the underlying trial include the following. 
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4.2.1 Inclusion criteria: 

4.2.1.1 Elderly patients (aged 60-90 years). 

4.2.1.2 Scheduled to undergo non-cardiac thoracic or abdominal surgery with an expected duration of 2 hours 
or longer. For those who undergo thoracoscopic or laparoscopic surgery, the expected length of incision must be 
5 centimeters or more. 

4.2.1.3 Agreed to receive postoperative patient-controlled analgesia. 

4.2.2 Exclusion criteria: 

4.2.2.1 Previous history of schizophrenia, epilepsy or Parkinson disease, or unable to complete preoperative 
assessment due to severe dementia, language barrier or end-stage disease. 

4.2.2.2 History of myocardial infarction or stroke within 3 months before surgery. 

4.2.2.3 Any contraindication for epidural anesthesia and analgesia, including abnormal vertebral anatomy, 
previous spinal trauma or surgery, severe chronic back pain, coagulation disorder (prothrombin time or 
activated partial prothrombin time longer than 1.5 times of the upper normal limit, or platelet count of less than 
80×109/L), local infection near the site of puncture, and severe sepsis. 

4.2.2.4 Severe heart dysfunction (New York Heart Association functional classification 3 or above), hepatic 
insufficiency (Child-Pugh grade C), or renal insufficiency (serum creatinine of 442 μmol/L or above, with or 
without serum potassium of 6.5 mmol/L or above, or requirement of renal replacement therapy). 

4.2.2.5 Any other conditions that were considered unsuitable for the study participation. 

 

4.3 Criteria of drop-out of the underlying trial 

4.3.1 Study intervention was not administered (due to failed epidural puncture, failed epidural catheterization, 
epidural catheter obstruction, blood appear in epidural catheter, inadequate epidural analgesia, etc.). 

4.3.2 Intervention was interrupted by the investigators/anesthesiologists (due to adverse events). 

4.3.3 Use of a prohibited drugs. 

The causes of protocol deviation should be recorded and corrected when possible. The cases would be followed 
up according to the study protocol and included in the intention-to-treat analysis. 

4.3.4 Withdraw consent after intervention started. 

The situation should be recorded. The primary therapeutic effects recorded in the last time will be regarded as 
the final results. The cases will be included in the intention-to-treat analysis. 

 

4.4 Criteria of elimination of the underlying trial 

Included patients will be excluded if they meet any of the following criteria: 

4.4.1 Withdraw consents before intervention. 

4.4.2 Surgery cancelled. 

4.4.3 No assessment result of the primary outcome. 

The causes of elimination should be explained. The case will be excluded from the intention-to-treat analysis. 
The case report forms will be preserved for reference. 

 

5. Long-term follow-ups 

 

5.1 Requirements for investigators 
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Investigators who perform the long-term follow-ups are not involved in patient management during the 
underlying trial and have no knowledge of study group assignment. They will be specially trained for long-term 
follow-ups and authorized by the principle investigator. 

 

5.2 Preparation before follow-ups 

History of surgery will be re-checked in the electronic medical record system; the results of pathological 
examination of surgical specimens (including the Tumor-Node-Metastasis [TNM] stage of cancer) and the 
diagnoses at hospital discharge will be collected. 

 

5.3 Conduct of long-term followed-ups 

5.3.1 Long-term follow-ups will be performed once a year after surgery via telephone interview (after ethic 
approval), for a period of up to 5 years (from the recruitment of the last patient).  

5.3.2 Data collection during long-term follow-ups includes the following: 

5.3.2.1 Results of postoperative re-examinations. For patients after cancer surgery, cancer recurrence is defined 
as reappearance of the same cancer in the original place or in the organs/lymph nodes near the place it first 
started; cancer metastasis is defined as reappearance of the same cancer in another part of the body, with some 
distance from where it started. The development of cancer recurrence and/or metastasis will be diagnosed by 
surgeons (and/or radiologists when necessary) according to the results of re-examination. For patients with 
confirmed cancer recurrence and/or metastasis, the date of earliest diagnoses and subsequent therapies will be 
documented.  

5.3.2.2 Postoperative therapies for the primary surgical disease. For patients after cancer surgery, postoperative 
therapies may include radiotherapy, chemotherapy, interventional therapy, reoperation, and others therapies. 

5.3.2.3 Re-hospitalization after surgery. Reasons leading to re-hospitalization will be documented, including 
recurrence/metastasis of the original cancer, new cancer, new serious non-cancer disease, or other conditions. 
The diagnostic evidences and treatments will be documented.  

5.3.2.3.1 New cancers are defined as those that are confirmed by pathological examinations but different from 
the primary ones. For patients with new cancers, the date of earliest diagnoses and subsequent therapies will be 
documented.  

5.3.2.3.2 New serious non-cancer diseases are defined as those that required hospital readmission and/or 
another surgical therapy. For patients with new serious non-cancer diseases, the date of earliest diagnosis and 
subsequent therapies will be documented. 

5.3.2.4 For 3-year survivors, cognitive function will be assessed with the modified Telephone Interview for 
Cognitive Status (TICS-m; a 12-item questionnaire that assesses global cognitive function by verbal 
communication via telephone. The score ranges from 0 to 50, with higher score indicating better function);65 
quality of life will be assessed with the World Health Organization Quality of Life-brief version (WHOQOL-
BREF; a 24-item questionnaire that provides assessments of the quality of life in physical, psychological, and 
social relationship, and environmental domains. For each domain, the score ranges from 0 to 100, with higher 
score indicating better function).66 

5.3.2.5 For patients who die during the follow-up period after surgery, the exact date of death will be recorded 
(consistent with death certificate). The causes of death will be documented. Cancer-specific death is defined as 
death fully attributable to a specific cancer, i.e., the cancer for which the surgery is performed during the 
underlying trial.67 Cancer-specific death usually occur after cancer recurrence and/or metastasis, with other 
causes including stroke, myocardial infarction or accident excluded. 

 

5.4 Management of patients lost to follow-up 

5.4.1 Patients or their family members will be contacted for at least 5 attempts on 5 different days before they 
are marked as lost to follow-up.  

5.4.2 For patients who are lost to contact, the following systems will be checked in order to minimize the rate of 
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loss-to-follow-up, i.e., the laboratory test system, imaging examination system, medical insurance system, and 
outpatient registration system of the hospital.  

5.4.3 For patients who are lost-to-follow-up, the time of last hospital visits after surgery recorded in the in- or 
outpatient medical record system will be adopted as the censoring time.  

 

6. Efficacy outcomes 

 

6.1 Primary outcome  

Overall survival, which is defined as the time from surgery to the date of all-cause death.  

 

6.2 Secondary outcomes 

6.2.1 Cancer-specific survival, which is defined as the time from surgery to the date of cancer-specific death, 
i.e., death fully attributable to a specific cancer for which surgery is performed during the underlying trial. 
Patients who die of a cause other than the specific cancer are “censored” at the time of death.  

6.2.2 Recurrence-free survival, which is defined as the time from surgery to the date of cancer 
recurrence/metastasis or all-cause death, whichever occurs first.  

6.2.3 Event-free survival, which is defined as the time from surgery to the date of cancer recurrence/metastasis, 
new cancer, new serious non-cancer disease or all-cause death, whichever occurs first.  

 

6.3 Other outcomes  

6.3.1 Overall survival of cancer patients, which is defined as the time from surgery to the date of all-cause 
death.  

6.3.2 Cancer-specific survival of cancer patients, which is defined as the time from surgery to the date of 
cancer-specific death, i.e., death fully attributable to a specific cancer for which surgery is performed during the 
underlying trial. Patients who die of a cause other than the specific cancer are “censored” at the time of death.  

6.3.3 Recurrence-free survival of cancer patients, which is defined as the time from surgery to the date of 
cancer recurrence/metastasis or all-cause death, whichever occurs first.  

6.3.4 Event-free survival of cancer patients, which is defined as the time from surgery to the date of cancer 
recurrence/metastasis, new cancer, new serious non-cancer disease or all-cause death, whichever occurs first.  

6.3.5 Cognitive function in 3-year survivors, which will be assessed with the TICS-m at the end of the 3rd year 
after surgery. 

6.3.6 Quality of life in 3-year survivors, which will be assessed with the WHOQOL-BREF at the end of the 3rd 
year after surgery. 

 

7. Withdrawal from long-term follow-ups 

 

7.1 Participants will be withdrawn from long-term follow-ups in the following conditions: 

7.1.1 Requested by participants or legal representatives of participants. 

7.1.2 Considered to be unsuitable for continued follow-ups by the investigators. 

 

7.2 For patients who are withdrawn from the long-term follow-ups, detailed reasons leading to withdrawal will 
be recorded. Follow-up data of the last visit will be recorded. 
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8. Safety consideration 

 

This is a long-term follow-up of patients enrolled in our previous study “Effects of two different anesthesia-
analgesia methods on incidence of postoperative delirium in elderly patients undergoing major thoracic and 
abdominal surgery: a multicenter randomized controlled trial (PUCRP 201101)”. There are no additional 
interventions; and, therefore, there are no additional risks for the patients.  

 

9. Unmasking of group assignment 

 

9.1 After the follow-ups of all cases have been completed, the data of case report forms have been checked as 
correct and the data entry have been finished, the database will be checked by the data manager. 

9.2 After the database is locked, unmasking will be conducted. The database will be sent to the statisticians for 
statistical analysis. 

 

10. Data management  

 

10.1 The investigators should record data timely, completely and correctly according to the original 
examinations and follow-up assessments. 

10.2 The completed case report forms, after signed by the supervisors, will be sent to a clinical data custodian. 

10.3 After the data in the case report forms have been input and checked, the case report forms will be stored in 
sequence order.  

10.4 Data management will be inspected by Peking University Clinical Research Institute. 

 

11. Statistical analysis 

 

11.1 General principles 

11.1.1 Numeric variables will be presented as mean ± standard deviation or median (minimum, maximum; or 
interquartile range). Categorical variables will be presented as number of cases (%).  

11.1.2 For each hypothesis, two‐tailed tests will be used in all statistical analysis, and P<0.05 will be 
considered statistically significant. For the treatment-by-covariate interaction in predefined subgroup analyses, 
a P<0.10 will be defined as statistically significant. 

11.1.3 The primary and secondary outcomes will be analyzed in a modified intention-to-treat population, i.e., all 
patients are analyzed in the group to which they are randomized and received at least part of study intervention. 
If epidural anesthesia and/or analgesia fail, these patients will be converted to general anesthesia and 
intravenous analgesia but will be analyzed in the group to which they are randomized. For patients with 
repeated recruitment for different surgeries, only the first was considered for this analysis. Also, we will do per-
protocol analysis for the primary endpoint, in this case, drop-out patients will be excluded. 

 

11.2 Patient enrolment, drop-out/elimination and lost-to-follow-up 

The status of patient recruitment, drop-out/elimination and lost-to-follow-up will be summarized and listed. 
Comparison of the overall elimination/drop-out and lost-to-follow-up rate between the two groups will be 
performed with chi square test. 
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11.3 Demographics and baseline characteristics 

11.3.1 Demographics and baseline data will be presented.  

11.3.2 Between-group differences will be compared using the absolute standardized differences (ASDs), which 
are defined as the absolute difference in means, mean ranks or proportions divided by the pooled standard 
deviation and calculated with the formula published by Austin.68 Baseline variables with an absolute 
standardized difference of ≥1.96×�(n1+n2)/(n1×n2) will be considered imbalanced between the two groups 
and adjusted for in all analyses if considered necessary. 

 

11.4 Intra- and postoperative variables 

Numeric variables will be analyzed using the independent-samples t test or Mann-Whitney U test; categorical 
variables will be analyzed using the chi square test, continuity correction chi square test or Fisher exact test. 
Missing data will not be replaced.  

 

11.5 Efficacy analysis 

11.5.1 Evaluation of primary endpoint  

11.5.1.1 The overall survival after surgery will be analyzed using a Kaplan-Meier estimator with differences 
between groups assessed by log-rank test; a Cox proportional hazards model will be used to adjust for 
predetermined factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, 
location of surgery, type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. The 
estimated difference between two groups will be expressed as hazard ratio and 95% CI. Patients who are lost to 
follow-up will be censored at the time of last contact. 

11.5.1.2 The differences of the primary outcome in predefined subgroups will be tested using the Cox 
proportional hazard models adjusted for preselected factors of age, sex, body mass index, Charlson 
Comorbidity Index, type of surgery, location of surgery, type of cancer, TNM stage, study center, and 
postoperative anti-cancer therapy. Treatment-by-covariate interactions will be assessed separately for each 
predefined factor, adjusting for the same variables. The hazard ratio (and 95% CI) for each subgroup and the p 
values of treat-by-covariate interactions will be displayed in a forest plot. 

11.5.2 Evaluation of secondary endpoints  

11.5.2.1 The time-to-event variables (cancer-specific survival, recurrence-free survival, and event-free survival 
after surgery) will be analyzed using a Kaplan-Meier estimator with differences between groups assessed by 
log-rank test; Cox proportional hazards models will be used to adjust for predetermined factors including age, 
sex, body mass index, Charlson Comorbidity Index, type of surgery, location of surgery, type of cancer, TNM 
stage, study center, and postoperative anti-cancer therapy. The estimates hazard ratios and 95% CIs will be 
provided. For cancer-specific survival, patients who die of a cause other than the specific cancer will be 
censored at the time of death. Patients who are lost to follow-up will be censored at the time of last contact. 

11.5.2.2 The scores of cognitive function and quality of life in 3-year survivors after surgery will be analyzed 
using the independent sample t test or the Mann-Whitney U test. The difference between two means/medians 
and 95% CI will be provided. The difference between two medians (and 95% CI) will be calculated with the 
Hodges-Lehmann estimator. Missing data will not be replaced.  

11.5.3 Analysis for the subgroup of cancer patients  

11.5.3.1 For demographics and baseline data, between-group differences will be compared using the absolute 
standardized differences (ASDs), which are defined as the absolute difference in means, mean ranks or 
proportions divided by the pooled standard deviation and calculated with the formula published by Austin.68 
Baseline variables with an absolute standardized difference ≥1.96×�(n1+n2)/(n1×n2) will be considered 
imbalanced between the two groups and adjusted for in all analyses if considered necessary. 
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11.5.3.2 For other intra- and postoperative variables, numeric variables will be analyzed using the independent-
samples t test or Mann-Whitney U test; categorical variables will be analyzed using the chi square test, 
continuity correction chi square test or Fisher exact test. Missing data will not be replaced.  

11.5.3.3 The time-to-event variables (overall survival, cancer-specific survival, recurrence-free survival, and 
event-free survival after surgery) will be analyzed using a Kaplan-Meier estimator with differences between 
groups assessed by log-rank test; Cox proportional hazards models will be used to adjust for predetermined 
factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, location of surgery, 
type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. The estimates hazard ratios and 
95% CIs will be provided. For cancer-specific survival, patients who die of a cause other than the specific 
cancer will be censored at the time of death. Patients who are lost to follow-up will be censored at the time of 
last contact. 

11.5.3.4 The differences of overall survival in predefined subgroups will be tested using the Cox proportional 
hazard models adjusted for preselected factors of age, sex, body mass index, Charlson Comorbidity Index, type 
of surgery, location of surgery, type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. 
Treatment-by-covariate interactions will be assessed separately for each predefined factor, adjusting for the 
same variables. The hazard ratio (and 95% CI) for each subgroup and the p values of treat-by-covariate 
interactions will be displayed in a forest plot. 

 

12. Quality control and quality assurance 

 

12.1 Investigators who perform long-term follow-ups are not involved in patient management during the 
underlying trial and have no knowledge of study group assignment. They are trained to do the long-term follow-
ups according to the study protocol and authorized by the principle investigator.  

12.2 The conduct of the study will be monitored by the Peking University Clinical Research Institute.  

12.3 Statistical analysis will be performed by the Department of Biostatistics of Peking University First 
Hospital.  

 

13. Ethics requirements  

 

13.1 Ethics Committee 

The study protocol must be approved by the local Clinical Research Ethics Committees before the study can be 
started. The investigators must strictly follow the Helsinki Declaration and China's relevant clinical trial 
management regulations. The principal investigator is responsible to report the status and the progress of the 
study to the Ethics Committee. 

 

13.2 Oral consent of study participation 

As the follow-up is pure observational without any interventions, we apply to waive the written informed 
consent for this subsequent telephone contact. However, for each patient, investigators are responsible to 
explain the purpose of this study in an oral manner. The investigators must let every patient know that he/she 
has the right to refuse follow-up at any time. Every patient must give an oral consent before follow-up can be 
performed. The explanation by the investigators and oral consents of the participants will be recorded and kept 
as a part of the clinical trial documents. For patients with mild dementia or incompetence, oral consents must be 
obtained from legal representatives.  

 

13.3 Privacy and confidentiality  

13.3.1 During the study period, the collected data from participants are labelled with special recruitment 
numbers and acronyms of names.  
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13.3.2 All personal information of the participants will be kept confidential. The filing cabinets storing the 
study documents will be locked. Apart from the study investigators, only authorized inspectors from the 
Scientific Research Department or members from the Ethics Committee of Peking University First Hospital are 
allowed to access the information.  

13.3.3 Results of the study will be published as scientific articles. But all personal data (including name and 
age, etc.) are strictly confidential.  

 

14. Study termination  

 

Long-term follow-up will be performed for a period of up to 5 years (from the recruitment of the last patient). 
Decision to terminate follow-up will be made by the principal investigator.  

 

15. Preservation of documents  

 

Investigators will carefully preserve all documents and data of the clinical trial according to the requirements of 
Good Clinic Practice for a period of 5 years. 

 

16. Declaration of interests  

 

This trial is funded by the National Key R&D Program of China (2018YFC2001800) and the Peking University 
Clinical Research Program (PUCRP201101). The investigators declare no conflict of interests.  
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Summary of changes from the original study protocol approved by the ethics committee 

 
 Version  Date of 

version 
Drafter/re
viser 

Contents of revision 

1 2.0 Jun. 13, 
2014 

FC,  
D-XW. 

(This was the first version approved by the ethics committee 
before initiating follow-up). 

2 2.1 Oct. 20, 
2014 

Y-WL,  
D-XW. 

1) Closed two study centers (clause 3.2). 
2) Added “For those who undergo thoracoscopic or laparoscopic 
surgery, the expected length of incision must be five centimeters 
or more” (clause 4.2.1.2). 

2 3.0 Jun. 29, 
2016 

M-HL,  
D-XW. 

1) Clarified that “Long-term follow-ups will be performed once a 
year after surgery via telephone interview (after ethic approval)” 
(clause 5.3.1).  
2) Clarified that “The development of cancer recurrence and/or 
metastasis will be diagnosed by surgeons (and/or radiologists 
when necessary) according to the results of re-examination” 
(clause 5.3.2.1). 
3) Added “New cancers are defined as those that are confirmed 
by pathological examinations but different from the primary 
ones. For patients with new cancers, the date of earliest diagnoses 
and subsequent therapies will be documented” (clause 5.3.2.3.1). 
4) Added “New serious non-cancer diseases are defined as those 
that required hospital readmission and/or another surgical 
therapy. For patients with new serious non-cancer diseases, the 
date of earliest diagnosis and subsequent therapies will be 
documented” (clause 5.3.2.3.2).  
5) Added “Other outcomes” for the subgroup of cancer patients 
(clauses 6.3.1 to 6.3.4). 
6) Revised the section of statistical analysis (clause 11). 
7) Revised informed consent. 
8) Revised case report form. 

3 4.0 May 1, 
2017 

W-JZ,  
D-XW. 

1) Revised the duration of long-term follow-up: “Long-term 
follow-ups will be performed once a year after surgery via 
telephone interview (after ethic approval), for a period of up to 5 
years (from the recruitment of the last patient)” (clause 5.3.1). 
2) Revised informed consent. 
3) Revised case report form. 
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Original statistical analysis plan 
 

 

This is a copy from the original study protocol. 

 

1. Efficacy outcomes 

 

1.1 Primary outcome  

Overall survival, which is defined as the time from surgery to the date of all-cause death.  

 

1.2 Secondary outcomes 

1.2.1 Overall survival in cancer patients. Overall survival is defined as the time from surgery to the date of all-
cause death. 

1.2.2 Time to cancer recurrence and/or metastasis after surgery in all and cancer patients. 

1.2.3 Time to re-hospitalization after surgery in all and cancer patients. 

1.2.4 All-cause mortality rate at 1, 2 and 3 years after surgery in all and cancer patients. 

1.2.5 Cognitive function in 3-year survivors, which will be assessed with the TICS-m at the end of the 3rd year 
after surgery. 

1.2.6 Quality of life in 3-year survivors, which will be assessed with the WHOQOL-BREF at the end of the 3rd 
year after surgery. 

 

2. Statistical analysis 

 

2.1 General principles 

2.1.1 Numeric variables will be presented as mean ± standard deviation or median (interquartile range). 
Categorical variables will be presented as number (%).  

2.1.2 Two‐tailed tests will be used in all statistical analysis unless otherwise indicated, and P<0.05 will be 
considered statistically significant.  

2.1.3 The primary and secondary outcomes will be analyzed in an intention-to-treat population, i.e., all patients 
are analyzed in the group to which they are randomized and received at least part of study intervention. If 
epidural anesthesia and/or analgesia fail, these patients will be converted to general anesthesia and intravenous 
analgesia but will be analyzed in the group to which they are randomized. Also, we will do per-protocol 
analysis for the primary endpoint, in this case, drop-out patients will be excluded. 

 

2.2 Patient enrolment, drop-out/elimination and lost-to-follow-up 

The status of patient recruitment, drop-out/elimination and lost-to-follow-up will be summarized and listed. 
Comparison of the overall elimination/drop-out and lost-to-follow-up rate between the two groups will be 
performed with chi square test. 

 

2.3 Demographics and baseline characteristics 
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2.3.1 Demographics and baseline data will be presented.  

2.3.2 For between-group differences, numeric variables will be compared with independent-sample t test or 
Wilcoxon test. Categorical variables will be compared with chi square test, continuity-corrected chi-square test 
or Fisher's exact test. Ordinal variables will be compared with Wilcoxon test or Cochran-Mantel-Haenszel test. 

 

2.4 Efficacy analysis 

2.4.1 Evaluation of primary endpoint  

The overall survival after surgery will be analyzed using a Kaplan-Meier estimator with differences between 
groups assessed by log-rank test; a Cox proportional hazards model will be used to adjust for potential 
confounding factors. The estimated difference between two groups will be expressed as hazard ratio and 95% 
CI. Patients who are lost to follow-up will be censored at the time of last contact. 

2.4.2 Evaluation of secondary endpoints  

2.4.2.1 Time-to-event variables (time to cancer recurrence/metastasis and time to rehospitalization after 
surgery) will be analyzed using a Kaplan-Meier estimator with differences between groups assessed by log-rank 
test; Cox proportional hazards models will be used to adjust for potential confounding factors. The estimates 
hazard ratios and 95% CIs will be provided. Patients who are lost to follow-up will be censored at the time of 
last contact. 

2.4.2.2 All-cause mortality rate at 1, 2 and 3 years will be obtained from survival analysis tables and the 
difference between groups will be calculated with tests based on a cloglog transformation of the Kaplan–Meier 
estimator.1 

2.4.2.3 The scores of cognitive function and quality of life in 3-year survivors after surgery will be analyzed 
using the independent sample t test or the Mann-Whitney U test. The difference between two means/medians 
and 95% CI will be provided. The difference between two medians (and 95% CI) will be calculated with the 
Hodges-Lehmann estimator. Missing data will not be replaced.  

2.4.2.4 For the subgroup of cancer patients, time-to-event variables (overall survival, time to cancer 
recurrence/metastasis, and time to rehospitalization after surgery) will be analyzed using a Kaplan-Meier 
estimator with differences between groups assessed by log-rank test; Cox proportional hazards models will be 
used to adjust for potential confounding factors. The estimates hazard ratios and 95% CIs will be provided. 
Patients who are lost to follow-up will be censored at the time of last contact. 

 

3. Reference  

 

1. Klein JP, Logan B, Harhoff M, Andersen PK: Analyzing survival curves at a fixed point in time. Stat Med 
2007; 26:4505–19 

 

  



34 
 

Final statistical analysis plan 

 

 

1. Overview of analyses 

 

This document contains the statistical analysis plan for the trial. The aim is to clarify analyses and to avoid 
misleading inference from post-hoc analyses. Therefore, the statistical analysis plan has been completed prior to 
the availability of any outcome data.  

 

2. Background of the trial 

 

The principal research question is whether “combined epidural-general anesthesia and postoperative epidural 
analgesia” compared with “general anesthesia and postoperative intravenous analgesia” can improve long-term 
survival in elderly patients after major noncardiac thoracic and abdominal surgery for cancer. 

The study is a long-term follow-up of a multicenter randomized controlled trial. 

 

3. Efficacy outcomes 

 

3.1 Primary outcome  

Overall survival, which is defined as the time from surgery to the date of all-cause death.  

 

3.2 Secondary outcomes 

3.2.1 Cancer-specific survival, which is defined as the time from surgery to the date of cancer-specific death, 
i.e., death fully attributable to a specific cancer for which surgery is performed during the underlying trial. 
Patients who die of a cause other than the specific cancer are “censored” at the time of death.  

3.2.2 Recurrence-free survival, which is defined as the time from surgery to the date of cancer 
recurrence/metastasis or all-cause death, whichever occurs first.  

3.2.3 Event-free survival, which is defined as the time from surgery to the date of cancer recurrence/metastasis, 
new cancer, new serious non-cancer disease or all-cause death, whichever occurs first.  

 

3.3 Other outcomes  

3.3.1 Overall survival of cancer patients, which is defined as the time from surgery to the date of all-cause 
death.  

3.3.2 Cancer-specific survival of cancer patients, which is defined as the time from surgery to the date of 
cancer-specific death, i.e., death fully attributable to a specific cancer for which surgery is performed during the 
underlying trial. Patients who die of a cause other than the specific cancer are “censored” at the time of death.  

3.3.3 Recurrence-free survival of cancer patients, which is defined as the time from surgery to the date of 
cancer recurrence/metastasis or all-cause death, whichever occurs first.  

3.3.4 Event-free survival of cancer patients, which is defined as the time from surgery to the date of cancer 
recurrence/metastasis, new cancer, new serious non-cancer disease or all-cause death, whichever occurs first.  

3.3.5 Cognitive function in 3-year survivors, which will be assessed with the TICS-m at the end of the 3rd year 
after surgery. 
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3.3.6 Quality of life in 3-year survivors, which will be assessed with the WHOQOL-BREF at the end of the 3rd 
year after surgery. 

 

4. Statistical analysis 

 

4.1 General principles 

4.1.1 Numeric variables will be presented as mean ± standard deviation or median (minimum, maximum; or 
interquartile range). Categorical variables will be presented as number of cases (%).  

4.1.2 For each hypothesis, two‐tailed tests will be used in all statistical analysis, and P<0.05 will be considered 
statistically significant. For the treatment-by-covariate interaction in predefined subgroup analyses, a P<0.10 
will be defined as statistically significant. 

4.1.3 The primary and secondary outcomes will be analyzed in a modified intention-to-treat population, i.e., all 
patients are analyzed in the group to which they are randomized and received at least part of study intervention. 
If epidural anesthesia and/or analgesia fail, these patients will be converted to general anesthesia and 
intravenous analgesia but will be analyzed in the group to which they are randomized. For patients with 
repeated recruitment for different surgeries, only the first was considered for this analysis. Also, we will do per-
protocol analysis for the primary endpoint, in this case, drop-out patients will be excluded. 

 

4.2 Patient enrolment, drop-out/elimination and lost-to-follow-up 

The status of patient recruitment, drop-out/elimination and lost-to-follow-up will be summarized and listed. 
Comparison of the overall elimination/drop-out and lost-to-follow-up rate between the two groups will be 
performed with chi square test. 

 

4.3 Demographics and baseline characteristics 

4.3.1 Demographics and baseline data will be presented.  

4.3.2 Between-group differences will be compared using the absolute standardized differences (ASDs), which 
are defined as the absolute difference in means, mean ranks or proportions divided by the pooled standard 
deviation and calculated with the formula published by Austin.1 Baseline variables with an absolute 
standardized difference of ≥1.96×�(n1+n2)/(n1×n2) will be considered imbalanced between the two groups 
and adjusted for in all analyses if considered necessary. 

 

4.4 Intra- and postoperative variables 

Numeric variables will be analyzed using the independent-samples t test or Mann-Whitney U test; categorical 
variables will be analyzed using the chi square test, continuity correction chi square test or Fisher exact test. 
Missing data will not be replaced.   

 

4.5 Efficacy analysis 

4.5.1 Evaluation of primary endpoint  

4.5.1.1 The overall survival after surgery will be analyzed using a Kaplan-Meier estimator with differences 
between groups assessed by log-rank test; a Cox proportional hazards model will be used to adjust for 
predetermined factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, 
location of surgery, type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. The 
estimated difference between two groups will be expressed as hazard ratio and 95% CI. Patients who are lost to 
follow-up will be censored at the time of last contact. 
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4.5.1.2 The differences of the primary outcome in predefined subgroups will be tested using the Cox 
proportional hazard models adjusted for preselected factors of age, sex, body mass index, Charlson 
Comorbidity Index, type of surgery, location of surgery, type of cancer, TNM stage, study center, and 
postoperative anti-cancer therapy. Treatment-by-covariate interactions will be assessed separately for each 
predefined factor, adjusting for the same variables. The hazard ratio (and 95% CI) for each subgroup and the p 
values of treat-by-covariate interactions will be displayed in a forest plot. 

4.5.2 Evaluation of secondary endpoints  

4.5.2.1 The time-to-event variables (cancer-specific survival, recurrence-free survival, and event-free survival 
after surgery) will be analyzed using a Kaplan-Meier estimator with differences between groups assessed by 
log-rank test; Cox proportional hazards models will be used to adjust for predetermined factors including age, 
sex, body mass index, Charlson Comorbidity Index, type of surgery, location of surgery, type of cancer, TNM 
stage, study center, and postoperative anti-cancer therapy. The estimates hazard ratios and 95% CIs will be 
provided. For cancer-specific survival, patients who die of a cause other than the specific cancer will be 
censored at the time of death. Patients who are lost to follow-up will be censored at the time of last contact. 

4.5.2.2 The scores of cognitive function and quality of life in 3-year survivors after surgery will be analyzed 
using the independent sample t test or the Mann-Whitney U test. The difference between two means/medians 
and 95% CI will be provided. The difference between two medians (and 95% CI) will be calculated with the 
Hodges-Lehmann estimator. Missing data will not be replaced.  

4.5.3 Analysis for the subgroup of cancer patients  

4.5.3.1 For demographics and baseline data, between-group differences will be compared using the absolute 
standardized differences (ASDs), which are defined as the absolute difference in means, mean ranks or 
proportions divided by the pooled standard deviation and calculated with the formula published by Austin.1 
Baseline variables with an absolute standardized difference ≥1.96×�(n1+n2)/(n1×n2) will be considered 
imbalanced between the two groups and adjusted for in all analyses if considered necessary. 

4.5.3.2 For other intra- and postoperative variables, numeric variables will be analyzed using the independent-
samples t test or Mann-Whitney U test; categorical variables will be analyzed using the chi square test, 
continuity correction chi square test or Fisher exact test. Missing data will not be replaced.  

4.5.3.3 The time-to-event variables (overall survival, cancer-specific survival, recurrence-free survival, and 
event-free survival after surgery) will be analyzed using a Kaplan-Meier estimator with differences between 
groups assessed by log-rank test; Cox proportional hazards models will be used to adjust for predetermined 
factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, location of surgery, 
type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. The estimates hazard ratios and 
95% CIs will be provided. For cancer-specific survival, patients who die of a cause other than the specific 
cancer will be censored at the time of death. Patients who are lost to follow-up will be censored at the time of 
last contact. 

4.5.3.4 The differences of overall survival in predefined subgroups will be tested using the Cox proportional 
hazard models adjusted for preselected factors of age, sex, body mass index, Charlson Comorbidity Index, type 
of surgery, location of surgery, type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. 
Treatment-by-covariate interactions will be assessed separately for each predefined factor, adjusting for the 
same variables. The hazard ratio (and 95% CI) for each subgroup and the p values of treat-by-covariate 
interactions will be displayed in a forest plot. 

 

5. Reference  

 
1. Austin PC: Balance diagnostics for comparing the distribution of baseline covariates between treatment 

groups in propensity-score matched samples. Stat Med 2009; 28: 3083-107  
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Summary of changes from the original statistical analysis plan 
 

 

In “General principles” section, we added the significant level for treat-by-covariate interaction: “For the 
treatment-by-covariate interaction in predefined subgroup analyses, a P<0.10 will be defined as statistically 
significant” (clause 4.1.2). We changed from “an intention-to-treat population” to “a modified intention-to-treat 
population”, and added “For patients with repeated recruitment for different surgeries, only the first was 
considered for this analysis” (clause 4.1.3).  

In “Demographics and baseline characteristics” section, we changed the method to compare between-group 
differences: “Between-group differences will be compared using the absolute standardized differences (ASDs), 
which are defined as the absolute difference in means, mean ranks or proportions divided by the pooled 
standard deviation and calculated with the formula published by Austin.1 Baseline variables with an absolute 
standardized difference ≥1.96×�(n1+n2)/(n1×n2) will be considered imbalanced between the two groups and 
adjusted for in all analyses if considered necessary (clause 4.3.2).” 

We added a “Intra- and postoperative variables” section to describe methods to compare between-group 
differences regarding intra- and postoperative variables: “Numeric variables will be analyzed using the 
independent-samples t test or Mann-Whitney U test; categorical variables will be analyzed using the chi square 
test, continuity correction chi square test or Fisher exact test. Missing data will not be replaced” (clause 4.4).  

In the “Evaluation of primary endpoint” section, we clarified factors that will be included in the Cox 
proportional hazard model: “…; a Cox proportional hazards model will be used to adjust for predetermined 
factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, location of surgery, 
type of cancer, TNM stage, study center, and postoperative anti-cancer therapy (clause 4.5.1.1)”. We added 
methods to assess differences of the primary outcome in predefined subgroups and treat-by-covariate 
interactions: “The differences of the primary outcome in predefined subgroups will be tested using the Cox 
proportional hazard models adjusted for preselected factors of age, sex, body mass index, Charlson 
Comorbidity Index, type of surgery, location of surgery, type of cancer, TNM stage, study center, and 
postoperative anti-cancer therapy. Treatment-by-covariate interactions will be assessed separately for each 
predefined factor, adjusting for the same variables. The hazard ratio (and 95% CI) for each subgroup and the p 
values of treat-by-covariate interactions will be displayed in a forest plot (clause 4.5.1.2).” 

In the “Evaluation of secondary endpoints” section, we changed time-to-event variables from “time to cancer 
recurrence/metastasis and time to rehospitalization after surgery” to “cancer-specific survival, recurrence-free 
survival, and event-free survival after surgery” because the latter variables are collected during the study period 
and are more commonly used to reflect outcomes of cancer patients; we clarified factors that will be included in 
the Cox proportional hazard model: “…; Cox proportional hazards models will be used to adjust for 
predetermined factors including age, sex, body mass index, Charlson Comorbidity Index, type of surgery, 
location of surgery, type of cancer, TNM stage, study center, and postoperative anti-cancer therapy. We added 
that “For cancer-specific survival, patients who die of a cause other than the specific cancer will be censored at 
the time of death” (clause 4.5.2.1). To be noted, event-free survival and cancer-specific mortality are added after 
data collection, but before analysis. 

In the “Evaluation of secondary endpoints” section, we deleted “All-cause mortality rate at 1, 2 and 3 years 
(original clause 2.4.2.2)” because this information is included in the primary endpoint “overall survival”.  

We added a section of “Analysis for the subgroup of cancer patients (clauses 4.5.3.1 to 4.5.3.4)”, which was 
previously a clause in the “Evaluation of secondary endpoints” section of the original statistical analysis plan 
(original clause 2.4.2.4). We added this section in order to describe the methods of analyses for the subgroup of 
cancer patients in more detail.  

 

Reference 

 

1. Austin PC: Balance diagnostics for comparing the distribution of baseline covariates between treatment 
groups in propensity-score matched samples. Stat Med 2009; 28: 3083-107 
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