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Abstract 

Background 

Upper gastrointestinal malignancies have a poor prognosis. There is no consensus on how patients 

should be followed after surgery. We hypothesized that a structured follow-up programme 

including endosonography (EUS) and 18F-FDG-PET/CT detects cancer recurrences leading to 

more patients eligible for therapy. 

Methods 

After surgery with curative intent for adenocarcinomas in the GOJ, stomach or pancreas, patients 

were randomized 1:1 to standard clinical assessment at the outpatient clinic at 3, 6, 9, 12, 18, and 24 

months postoperatively or clinical assessment plus imaging including 18F-FDG-PET/CT and EUS. 

Primary endpoint was number of patients receiving oncological treatment for recurrence. Secondary 

end points were overall and progression free survival, post-recurrence survival, the detection of 

isolated loco-regional recurrences (ILR) and risk factors affecting survival. 

Results 
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In total, 183 patients were enrolled including 93 patients that underwent standard follow up 

(controls)  and 90 patients follow up plus imaging.  A recurrence was detected in 84 patients within 

two years after surgery (42 patients in both groups) including 33 of 42 patients (78%) in the 

imaging group that were asymptomatic. Some 25 of 42 patients (60%) in the imaging group and 14 

of 42 patients (33%) in the control group received chemotherapy (p=0.03). Although survival after 

detection of recurrence in asymptomatic patients was significantly longer compared to symptomatic 

patients (p<0.001), overall survival from date of surgery in the two treatment arms was comparable. 

Conclusion 

Follow-up after surgery for upper GI cancer with EUS and PET-CT leads to detection of more 

asymptomatic cancer recurrences and patients referred for treatment without prolonging overall 

survival. 

The study protocol was registered at the Danish Data Protection Agency (2014-41-3630) and at 

clinicaltrials.gov (NCT02209415) 
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Introduction 

Upper gastrointestinal (GI) malignancies including cancer of the gastro-oesophageal junction 

(GOJ), stomach and pancreas have a poor prognosis with only few long-term survivors1-3. Only one 

third of patients with upper GI cancers, irrespective of site, can be offered therapy with curative 

intent1-3. Patients often present with an advanced tumour stage including systemic micro-metastatic 

disease at the time of diagnosis. Hence, perioperative chemotherapy regimens have been 

implemented in recent years to improve survival 4-8. 

Another strategy to improve outcome which has been applied in colorectal cancer patients is 

intensive follow up after surgery to detect and treat early (asymptomatic) cancer recurrence9. There 

is no consensus on the structure and duration of follow up after surgery for upper GI malignancies. 4 

5 7 10-16. Although effective therapies for cancer recurrences have increased in recent years, about 20 

% of the patients with recurrent disease were eligible for chemotherapy17. Poor performance status, 

perioperative chemo(-radiation) therapy, and postoperative complications in combination with the 

general aggressive nature of the relapses, have limited the number of patients treated with systemic 

chemotherapy18 19.  

Studies on the role of computerized tomography (CT), magnetic resonance imaging (MRI), 

endosonography (EUS) and positron emission tomography (PET) during follow up after cancer 

surgery have been published 10-12 15 16 20-23. Most studies are poorly designed which leaves the 

question unanswered as to their benefit in detecting cancer recurrence. EUS will only detect 

recurrent disease in the vicinity of the luminous organ, i.e. loco-regional recurrences. To detect 
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systemic metastases, 18F-FDG-PET/CT is now widely used as this combines the metabolic 

information from PET with the physical appearance of the contrast enhanced CT.  

The hypothesis of this study was that a structured follow up program using frequent clinical 

assessments in combination with imaging can detect early, asymptomatic recurrences after surgery 

for upper GI cancers. This could then increase the proportion of patients eligible for systemic 

chemotherapy.  
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Methods and materials 

All patients having undergone radical resection for adenocarcinomas in the GOJ, stomach and 

pancreas at the department of Surgery, Odense University Hospital , and who were fit (ECOG 

performance status <3) for oncological treatment at the time of assessment one month 

postoperatively, were invited to participate in the study. This assessment was performed by the 

same group of surgical specialists who had diagnosed and treated the patients in the first place. 

After informed written consent, patients were randomized, through a computerized method 

(https://www.randomization.com) and the respective group allocation labels were placed in non-

transparent envelopes. The randomization sequence was unknown to the doctors responsible for 

patient enrolment in the out-patient clinical follow up. Patients were randomized consecutively in 

the order they were referred to, and operated on at the department. Patients were allocated to 

standard follow up (control group) or follow up including imaging (imaging group).  

Standard follow up consisted of regular visits to the outpatient clinic at 3, 6, 9, 12, 18, and 24 

months postoperatively. This strategy included a clinical assessment, and diagnostic tests were 

performed only when there was a clinical suspicion of recurrent disease. The intervention arm 

(imaging group) included the same clinical assessments incombination with 18F-FDG-PET/CT and 

EUS at all time points (for details see appendix 1) 

18F-FDG-PET/CT and EUS were performed according to EANM guidelines 24and the department’s 

standards (appendix 2). The specialists reading the PET-CT investigations were informed of the 

type and date of surgery performed, but were not offered any clinical information about the 
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individual patient as well as data from the EUS. The same applied to the endoscopist carrying out 

the EUS.   

All clinical data were filed in predefined case record forms.  

All suspicious or confirmed lesions were presented and evaluated at the local twice-weekly MDT. 

In every MDT participated at least one surgical specialist, one oncologist, one radiologist, one 

nuclear medicine specialist and a pathologist all specialized in the management of upper GI cancer. 

The decision reached by the MDT was individualized in each case guided by the national guidelines 

for MDT25, and consequently defined the content, structure and objectives of the future clinical 

treatment strategy. Date of recurrence was the date of the MDT in which the recurrence was defined 

by the team. When the last PET/CT or EUS at 24 months showed an abnormality nog highly 

suspicious for disease recurrence (possible false-positive), a follow-up scan was scheduled 3 

months later.  

Patients were not scheduled to undergo any regular follow-up after 24 months. The follow up of the 

patients later than 24 months after surgery was checked in the electronic charts for date and cause of 

death, evidence of recurrent disease and if so, if any treatment was initiated. Final review of these 

charts was done on June 6th 2017. 

Loco-regional recurrences were defined as those detected in the remaining part of the resected 

organs (e.g. the gastric or pancreatic remnant), in the anastomotic site, the area representing the site 

of resection and regional lymph nodes according to the Union for International Cancer Control 7th 

edition(UICC 7th)26. Isolated loco-regional recurrences were defined as those emerging and detected 

in the above mentioned sites, and with no signs of distant metastases. Recurrences in the liver, 
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lungs, pleura, peritoneum, bones, and lymph-nodes regarded as M1 according to UICC 7th edition, 

were classified as distant metastases. 

 

Primary endpoint was number of patients receiving oncological treatment for recurrence. Secondary 

end points were overall survival, progression free survival, post-recurrence survival, the detection 

of isolated loco-regional recurrences (ILR) and risk factors affecting survival. 

The study protocol was approved by the Danish National Ethics committee(S-20110004), and 

registered at the Danish Data Protection Agency (2014-41-3630) and at clinicaltrials.gov 

(NCT02209415). The study was undertaken following the principles of the Declaration of Helsinki 

(originally adopted in 1964, with the last amendment before this trial in October 2008)  

Sample size calculation 

A pilot study was done to estimate the number of patients with curative resection for upper GI 

cancer who would develop a symptomatic or asymptomatic recurrence amenable for oncologic 

treatment. Some 36 consecutive patients who underwent surgery for GOJ or gastric cancer 

underwent an EUS at follow up. In total, 21 (58 %) asymptomatic relapses were detected with a 

median time from lesion detection to the emergence of symptoms of 210 days.  It was estimated 

that 40% of these asymptomatic patients could be offered therapy. Patients diagnosed with recurrent 

disease due to symptoms and not undergoing EUS were, in the period prior to this pilot-study, 

referred for oncological treatment in approximately 20% of the cases.  
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Based on these findings it was calculated, that in order to increase the number of patients detected 

with and treated for recurrences from 20% to 40% by adding imaging to the follow up, and with a 

power of 80% and an α=0.05, 91 patients had to be enrolled into each study arm. 

 

 

Statistical analysis 

Data analysis was based on intention-to-treat principles. Fisher’s exact test was used for comparison 

of categorical data between groups, and the Mann-Whitney U-test for continuous data. Univariable 

and multivariable COX regression analyses were done to assess potential confounders for survival.  

Survival and time to recurrence were calculated from the day of surgery, and estimated by the 

Kaplan-Meier method including log-rank test for comparison. Statistical analyses were carried out 

using Stata v14.0, Stata Corp, Texas, USA  
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Results 

Between March 2011 and April 2014, 191 patients were invited to participate in the study. Some 

183 patients gave informed consent and were randomized (figure 1). Table 1 shows the 

characteristics of the patients. The median age of the patients in the control group was higher and 

there were more pancreatic cancers in the imaging group (Table 1).  All but one patient in the 

imaging group completed all scans either until recurrence was detected or when the 24 months of 

follow-up was reached.  Some 84 of 193 patients (44%; 42 patients in each group) were diagnosed 

with disease recurrence at 24 months of follow-up (figure 1). In total, 102 of 193 (53%)  patients 

(standard group 52 patients (56%) and imaging group 50 patients (55%) had recurrent disease at the 

date of final data acquisition (June 2017).  

Among the 42 patients with disease recurrence in each group, only 14 patients (33%) in the control 

group and 25 patients (60%) in the imaging group had received chemotherapy (p=0.03). At the last 

date of follow in June 2017, 48 of 102 patients (47%) had received chemotherapy including 19 of 50 

patients (38%) in the control group  and 29 of 52 patients (56%) in the imaging group (p=0.05). 

Of the 13 patients in the imaging group who presented with an ILR, nine patients were offered 

therapy with curative intent including high-dose (>50 Gy) chemoradiation (n=5) or chemotherapy 

followed by surgery (n=4). Among the four patients with an ILR in the control group, three patients 

were offered therapy with curative intent. The details of the clinical management of patients with 

ILRs are shown in figure 2.  

Time from surgery to the detection of recurrence is shown in figure 3. Median recurrence free 

survival was 32 months (95%CI: 17-not reached) for the control group and 32 months (95%CI: 14- 
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not reached) for the imaging group. Among patients who developed recurrence within 24 months, 

33 of 42 (79%) patients in the imaging group were asymptomatic at the time of detection compared 

to none in the standard follow up group (p<0.001). The frequencies of symptoms are displayed in 

supplementary figure 3. There was no difference in site of recurrences between the study groups 

(supplementary figure 4). Fewer patients with symptomatic relapses were offered oncological 

therapy (16 patients (31%) vs 23 patients (70%), p<0.001). In addition, patients with a recurrence in 

the imaging arm received more chemotherapy cycles (median seven, range 1 - 2 versus four, range 

1-12, p=0.05).  

Overall median survival for the entire study cohort was 41 months (95%CI: 28-53, range: 3-76 ) 

with no statistical difference between the groups (control group  36 months, 95%CI: 21-50 and 

imaging group 46 months, 95%CI: 29- not reached).(Fig 4 ).  

There was a significant overall survival benefit of the imaging group in patients with pancreatic 

cancer only (supplementary fig 5;  p=0.02). Patients with pancreatic cancer in the imaging arm were 

younger (median age 63 vs 68 years; p=0.03), but had a significantly higher pN-stage (table 1; 

p=0.04). Otherwise, there were no differences between the study groups in baseline characteristics, 

surgical outcomes, or oncological treatments given. In univariable regression analysis only 

allocation to the control arm (HR=2.0; 95%CI: 1.2-4.0,p=0.03) and pT-stage  (HR=1.7; 95%CI: 

1.1-2.5, p=0.03) were associated with  survival. Multivariable cox regression analysis revealed that 

pT (HR=1.9; 95%CI: 1.1-3.1, p=0.02), pN (HR=2.3; 95%CI: 1.1-4.8, p=0.03) and standard follow 

up (control group) (HR=3.8; 95%CI: 1.8-8.5, p<0.01) were associated with survival. However, an 

interaction between study group and pN-stage was found indicating that pN-stage only influenced 
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survival in the patients in the standard arm. Subgroup of patients without a recurrence detected 

during follow-up, patients in the control arm had a significantly poorer survival (p=0.02).  

 

Survival after detection of  recurrence (post-recurrence survival) for asymptomatic patients was 

longer than in patients who had symptoms at the time of detection (p<0.001). Since 79% of the 

recurrences detected in the intervention arm were asymptomatic, the corresponding difference in 

post-recurrence survival was significantly longer in the intervention group compared to the standard 

group (p=0.03)(figure 5). 

Univariable regression analysis showed that pT-stage (HR=1.6; 95%CI: 1.3-1.8, p=0.03) and 

treatment according to the control arm (HR=2.2; 95%CI: 1.6-2.5, p=0.01) were the only variables 

associated with survival. In multivariable cox regression analysis however, both factors were not. 
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Discussion 

The EUFURO trial is the first randomized clinical trial in upper GI cancer addressing an alternative 

follow up strategy after curative resection. The study demonstrates that incorporation of repetitive 

PET/CT and endoscopic ultrasound is feasible with a high acceptance rate among patients. 

Adherence to the study protocol was very high with only one dropout, suggesting that patients 

consider follow-up an important aspect of their disease management. 

 It was hypothesized that the addition of imaging modalities to the follow up visits would detect 

recurrences earlier after surgery. Although the time from surgery to the detection of the recurrence 

(RFS) was not statistically significant different between the two groups, most patients in the 

imaging group were asymptomatic at the time of recurrence detection (33 of 42 (79 %))   

The standard follow up strategy consisted of regular visits to the outpatient clinic at 3, 6, 9, 12, 18, 

and 24 months postoperatively with careful clinical assessment only. Additional imaging studies 

were only initiated when there was clinical suspicion of recurrent disease. It can be argued that this 

strategy is more intense than what is generally practiced worldwide. Despite these efforts this 

follow up strategy was unable to detect asymptomatic recurrences.  

 

Patients with symptomatic relapses detected during the follow-up period of 24  months were less 

likely to be offered therapy (31% vs 70%). A similar difference was noted, between the two follow 

up strategies, regarding the number of patients initially offered palliative chemotherapy (58 % vs 37 

%). Furthermore, patients with a recurrence detected by standard imaging also received more 

chemotherapy cycles compared to patients with a recurrence detected during routine follow up 
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(median 7 vs 4). The importance of detecting recurrences at an early stage is the fate of patients 

presenting with ILR. Ninepatients in the imaging group who presented with ILR were offered 

therapy with curative intent with either high-dose radiation + chemotherapy or chemotherapy 

followed by re-resection. In the control group only 3 patients diagnosed with ILR were offered 

therapy for cure. It was found that the asymptomatic patients survived significantly longer after 

detection of a recurrence by imaging compared to patients in whom a recurrence was detected based 

on symptoms. One explanation may be that more patients completed a post-recurrence 

multimodality therapy with curative intent and fewer patients were receiving best supportive care. It 

has to be recognized that the asymptomatic recurrences were diagnosed approximately 3 months 

earlier and the difference in survival may be due to lead-time bias. Given the finding that overall 

survival was not different between the groups this may well be a more plausible explanation. 

However, other studies have shown inconsistent data on the clinical significance of symptoms 

in relation to the onset of recurrence. Where some studies, similar to the current study, found 

no difference in recurrence-free survival, the studies by Nordby et al and by Bilici et al 

showed an increased recurrence-free survival among the asymptomatic patients 11 13 27-29 . 

Common for all the aforementioned studies was that post-recurrence survival was longer for 

the patients without symptoms at the time of recurrence, which is similar to our findings. 

However, the studies used a  different methodology and had a large variation in the relative 

number of asymptomatic recurrences, which is why the prognostic value of symptomatic 

recurrence remains to be better defined. It may be however, that an asymptomatic recurrence 

is associated with a more aggressive tumour biology11 13 27-29. 
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There may be other sources of bias in the study that affect the outcomes presented. However, 

patients were enrolled strictly in the order of when they were presented to our institution, 

minimizing the risk for selection bias. Moreover, the PET-operators as well as the endoscopists 

were blinded to the outcome of the other diagnostic tests performed concomitantly. The increasing 

importance of a MDT during the course of the study 30, may have affected the frequency of MDTs, 

thus leading to more patients with recurrence being evaluated for oncological treatment. 

There were also some differences between the study groups. There were more patients with 

stomach and GOJ cancers in the control group and more patients with pancreatic cancer in the 

imaging group. This imbalance may have influenced the outcome towards a poorer survival in the 

imaging group, possible allowing for a type-1 error to occur. In addition, the patients in the imaging 

group were younger. It has been suggested that younger patients with disseminated pancreatic 

cancer have a better survival, but there are no studies that indicate that the risk of recurrence as such 

is age dependant 5. In fact, cancer in younger patients may well be associated with a higher burden 

of DNA-damage leading to a worse prognosis 30-32, but this issue remains controversial. For the 

patients with pancreatic cancer, pN-stage was significantly higher in the imaging group, which 

may have influenced the prognosis in these patients. Surprisingly, a small survival benefit of the 

intervention in pancreatic cancers was observed, which is worth exploring in future studies. 

Studies on patients with colorectal cancer show that structured follow up is associated with more 

treatable recurrences earlier in time 9 but this does not translate into a better overall survival  33 34. 

This may partly be explained by the relatively infrequent relapses in CRC and hence a type 1 error. 

In upper GI malignancies recurrences are more common and early detection may be important 
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when more effective systemic and local therapies are emerging 34 35. Data are available to support 

palliative chemotherapy for unresectable primary upper GI malignancies 4 7 14 36.  This may form a 

basis for applying this to patients with recurrent disease, but this remains speculative. The majority 

of these patients received perioperative chemotherapies. Recurrences consist of selected cell-clones 

less susceptible to chemotherapy, a phenomenon that has been observed for other cancers 37 38. An 

analysis of the genetic profile of the recurrent disease therefore may be useful to include in future 

studies to select patients that truly may benefit from early treatment of recurrent disease.  

Figure Legends: 

Figure 1.  Flow chart of the study with with details of recurrences detected. 

Figure 2:  Recurrence-free survival. 

Figure 3  Flow-chart of isolated loco-regional recurrences                                                                                                     

Abbreviations: FU = Follow-up; ILR = Isolated loco-regional recurrence;  

Figure 4:  Overall survival for all patients  

 

Figure 5  Post-recurrence survival according to study arm 

 

Supplementary figure 1.  Flowchart illustrating the patients enrolled into the trial. 

 

Supplementary figure 2.  Description of 18-F-FDG-PET/CT and EUS according to hospital 
practice 

 

Supplementary figure 3.  Frequency of symptoms at follow-up time-points with and without 
recurrence according to  cancer site. 
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Supplementary figure 4.  Site of recurrence at the time of detection. Percentages are relative to the 
number of patients at risk. 

 

Supplementary figure 5.  Overall survival for patients with pancreatic cancers. 

 

Tables: 

Table 1: Baseline characteristics and their distribution between the groups. Abbreviations: GOJ = gastro-
oesophageal junction; pT = T-stage from pathology; pN = N-stage from pathology 

T- and N-stage based on the UICC 7th edition. 
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Imaging group 

Recurrent disease during follow-up (n=42) 

Disseminated disease (n=29) Isolated local recurrence (n=13) 

Best supportive care  
(n=8) 

Palliative 
chemotherapy   (n=25) 

Radio-chemotherapy at 
curative attempt (n=5) 

Re-resection of 
recurrence  (n=4) 

Laparotomy  (n=6) 

1 1 

Standard group 

Recurrent disease during follow-up (n=42) 

Disseminated disease (n=38) Isolated local recurrence (n=4) 

Best supportive 
care (n=23) 

Palliative radio-
therapy (n=2) 

Palliative chemo-
therapy (n=14) 

Radio-chemotherapy at 
curative attempt (n=2) 

Re-resection of 
recurrence  (n=1) 
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Standard follow-up 

Clinical assessment at 

3, 6, 9, 12, 18, & 24 months 

Imaging follow-up 

Clinical assessment + PET/CT & EUS at 

3, 6, 9, 12, 18, & 24 months 

No  clinical 
suspicion of 
recurrence 

Clinical 
suspicion of 
recurrence 

CT or 
endoscopy 

Normal 
examination 

Sign of  
recurrence 

Continue follow-up 
as scheduled 

Continue follow-up 
as scheduled 

MDT 

PET/CT & EUS: 
Normal 

PET/CT:     
Sign of 
recurrence 

EUS+FNA: 
Sign of 
recurrence 

FNA:  
Recurrence 

FNA:              
No recurrence 

EUS + FNA 
within 2 
weeks 

Endoscopy:     
Sign of luminal 
recurrence 

FNA: 
Recurrence 

FNA:             
No recurrence 

Biopsy: 
Recurrence 

Biopsy:         
No reurrence 
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Control group 

n= 93 

 

Imaging group 

n= 90 

 

p-value 

Age        (mean,years) 67        (95%CI: 66-69) 63          (95%CI: 61-65) p<0.001 

Sex          (F/M) 34/59 30/60 p=0757 

Location of cancer   p=0.029 

GOJ 38          (41%) 29         (32%)  

Stomach 32          (34%)  22         (24%)  

Pancreatic 23          (25%) 39         (43%)  

    

pT, GOJ   p=0.552 

0 4             (10%) 5           (17%)  

1 8             (21%) 2             (7%)  

2 6             (16%) 6           (21%)  

3 19           (50%) 15         (52%)  

4 1               (3%) 1             (3%)      

pT, Stomach   p=0.376 

0 6             (19%)  3           (14%)     

1 3               (9%) 7           (32%)  

2 3               (9%) 1             (4%)  

3 16           (50%)    9           (41%)  

4 4             (13%) 2             (9%)  
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pT, Pancreas   p=0.592 

1 2               (9%) 3              (8%)  

2 9             (39%) 11          (28%)     

3 12           (52%) 22          (56%)  

4 0               (0%) 3              (8%)  
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Control group 

n= 93 

 

Imaging group 

n= 90 

 

p-value 

pN, GOJ   p=0.766 

0 21              (55%) 18           (62%)     

1 8                (21%) 7             (24%)      

2 5                (13%) 3             (10%)  

3 4                (10%) 1               (3%)  

pN, Stomach   p=0.908 

0 20              (62%) 14            (64%)  

1 4                (13%) 4              (18%)  

2 3                  (9%) 2                (9%)  

3 5                (16%) 2                (9%)  

pN, Pancreas   p=0.039 

0 17              (74%) 18             (46%)    
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1 6                (26%) 21             (54%)  

Pre-operative chemotherapy 55              (59%) 39             (43%) p=0.032 

GOJ 30              (79%) 24             (83%) p=0.696 

Stomach 23              (82%) 12             (55%) p=0.190 

Pancreatic 2                  (9%) 3                 (8%) p=0.889 

Post-Operative Chemotherapy 68              (73%) 64            (71%) p=0.762 

GOJ 29              (76%) 19             (66%) p=0.331 

Stomach 22              (69%) 14             (64%) P=0.695 

Pancreatic 17              (74%) 31             (79%) p=0.612 
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