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Overview 

• Surgical anatomy 
• Nutrition in survivorship 

• LBM, weight, bone, biochemical, oncologic? 
• Mechanisms 

• Gut hormones 
• Postoperative changes in enteroendocrine physiology 

• Oesophagectomy, Whipple’s, total gastrectomy 
• Therapeutic strategies 

• Dietary, octreotide, BAS, nutraceuticals? 



Postoperative anatomy 
Oesophagectomy 

Gastric 
conduit 

Pyloroplasty 



Postoperative anatomy 
Total gastrectomy 
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Postoperative anatomy 
Pancreaticoduodenectomy 



Standard Whipple’s Pylorus-preserving 
pancreaticoduodenectomy 

Postoperative anatomy 
Pancreaticoduodenectomy 

Pyloric  
sphincter  
intact 



Martin et al. BJS. 2007, 2009 

20% had >20% weight loss at 6 months  

64% had >10% weight loss at 6 months 

Predictors of weight loss: 
1. Altered appetite 
2. Eating difficulties 



Significant body weight loss after oesophagectomy  

42% had >20% weight loss at 12 months  

83% had >10% weight loss at 12 months 
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%BWL at 12 months 
17.1 ± 3.2% 



What is the impact of weight loss and nutritional 
impairment in survivorship? 

Patients achieving long-term disease-free survival -  
 
 

Significant loss of LBM and 40% prevalence of sarcopenia 

Elliott JA et al. 2016 (in press) 



What is the impact of weight loss and nutritional 
impairment in survivorship? 

Osteoporosis  Normal bone mineral density 
Elliott JA et al. 2016 (in press) 



What is the impact of weight loss and nutritional 
impairment in survivorship? 

Overall prevalence of osteoporosis increased from 25% to 38%  
in the first postoperative year (P = 0.049) 

Elliott JA et al. 2016 (in press) 



Key Themes 

Weight loss and 
physical change 

Eating as a social 
activity 
Stigma 

Embarrassment 

Sub Themes 
Persistent illness 

identity 

Bodily disruption 

Appetite loss 

Altered taste and smell 
of food 

Nausea, diarrhoea 

Dysphagia 

Adapted from Wainwright, Blazeby et al. 
Qualitative Health Research, 2007 

What is the impact of weight loss and nutritional 
impairment in survivorship? 



What is the impact of weight loss and nutritional 
impairment in survivorship? 

Wainwright, Blazeby et al. Qual Health Res, 2007 

Persistent illness identity  

The meaning of weight loss 

Eating as a social activity 



Why do patients lose weight? 

↓Energy In ↑Energy Out 



Why do patients lose weight? 
  %Δ Lean body mass  

  P-value 
Baseline weight   0.096 
Baseline BMI   0.28 
Baseline LBM   0.001 
Baseline FM   0.13 
Dysphagia score 
    0 
    1 
    2 
    3 – 4  

  
-9.8 ± 8.8 
-10.4 ± 5.3 
-6.6 ± 9.3 
-5.1 ± 4.1 

  
  

0.32 

Clinical T stage 
    1 
    2 
    3 – 4  

  
-9.6 ± 6.8 
-3.6 ± 7.7 
-8.9 ± 8.3  

  
  

0.19 

Clinical N stage 
    0 
    ≥1 

  
-8.8 ± 6.9 
-7.7 ± 9.2 

  
0.61 

  %Δ Lean body mass  
  P-value 

Pathologic T stage 
    0 
    1 
    2 
    3 

  
-4.6 ± 7.2 
-8.2 ± 5.0 
-9.5 ± 7.2 

-10.0 ± 10.0 

  
  

0.30 ⱡ 

Pathologic N stage 
   pN- 
   pN+ 

  
-7.9 ± 6.9 

-10.2 ± 12.2 

  
0.40 

Neoadjuvant therapy  
   Yes 
   No 

  
-8.3 ± 8.4 
-8.3 ± 7.4 

  
0.98 

Operation type 
   Transhiatal 
   2-stage 
   3-stage 

  
-12.9 ± 11.6 
-7.7 ± 6.2 
-5.2 ± 6.1 

  
  

0.049 

HDU/ICU days   0.77 

Postoperative LBM loss is not a result of neoadjuvant treatment or 
surgical complications Elliott JA et al. 2016 (in press) 



Candidate mediators of altered appetite and 
weight loss after upper GI surgery 



Satiety and incretin gut hormones 

GLP-1 
PYY 
OXM 

GLP-1 
GIP 

Enhance glucose disposal Promote Satiety 

Hypothalamus 
Pancreatic islet 

Skeletal muscle 

Liver 

Enteroendocrine cells 



Hypothesis 

 
Gut hormones are pathophysiologic mediators of  

altered appetite and weight loss after upper GI surgery 
 



Questions 

1. What happens to the gut hormone profile after upper 
gastrointestinal surgery? 

3. If so, what can we do about it? 
 

2. Are gut hormones pathophysiologically linked to 
reduced appetite in this cohort? 



Question 1: What happens to gut hormones after 
upper gastrointestinal surgery? 
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Fasting ghrelin does not correlate with %BWL in long-term 
disease-free patients 

Elliott JA et al. Ann Surg (2015) 



Authors Year N Time-point %control 
 
Doki et al. 
 

 
2006 

 
26 

 
25 (3-67) months 

 
107.4% 
 

Koizumi  
et al. 

2011 22 6 months 
12 months 

99.7% 
125.0% 
 

Miyazaki  
et al. 

2012 25 22 (6-24) months 
53 (39-80) months 

56.0% 
111.6% 
 

From Doki et al. Surgery, 2006 

Question 1: What happens to gut hormones after 
upper gastrointestinal surgery? 

Ghrelin levels fall initially, but recover to baseline within 6 – 24 months 
 Appropriate upregulation? 



Question 1: What happens to gut hormones after 
upper gastrointestinal surgery? 

Koizumi et al. Int J Pept (2009) 

Plasma Duodenum Jejunum Pancreas 

Partial recovery of ghrelin production after total gastrectomy may be 
explained by increased expression at extra-gastric sites 

 



Question 1: What happens to gut hormones after total 
gastrectomy with Roux-en-Y? 
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 Unpublished data 



Question 1: What happens to gut hormones after 
oesophagectomy? 
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Question 1: What happens to gut hormones after 
oesophagectomy? 
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PYY and total bile acids are increased after oesophagectomy 
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Elliott JA et al. Ann Surg (2015) and unpublished data 



Question 1: What happens to gut hormones after 
oesophagectomy? 
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Question 1: What happens to gut hormones after 
oesophagectomy? 

Unpublished data 
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17% of patients experienced late  post-prandial hypoglycaemia with a mixed 
meal at one year post-operatively  

The rapid and transient spike in 
post-prandial glucose suggests 
rapid nutrient transit 
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 S Harmuth et al. J 
Gastrointest Surg, 2013 

  PPPD 

• Standard Whipple 
 

Whipple 
 

PPPD 

Question 1: What happens to gut hormones after 
pancreaticoduodenectomy? 

Pyloric sphincter preservation attenuates the GLP-1 response 



Questions 

Question 1: What happens to the gut hormone profile after 
upper gastrointestinal surgery? 

• Increase in post-prandial satiety gut hormones 
• Progressive increase in insulin response 
• Long-term development of post-prandial hypoglycaemia 
• Intact pyloric sphincter function may attenuate these 

effects 

Question 2: Are gut hormones pathophysiologically linked to 
reduced appetite in this cohort? 



Question 2: Are gut hormones pathophysiologically linked 
to reduced appetite in this cohort? 

Total GLP-1 AUC[3 months] 

P = 0.007 
R2 = 0.54 

Eating Symptoms Score 

Total GLP-1 AUC[3 months] 

P = 0.004 
R2 = 0.57 

Lack of Appetite Score 

Elliott JA et al. Ann Surg (2016) 



Total GLP-1 AUC[3 months] 

P = 0.0002 
R2 = 0.74 

Early Satiety Score 

Total GLP-1 AUC[3 months] 

P = 0.0004 
R2 = 0.73 

Trouble Enjoying Meals Score 

Question 2: Are gut hormones pathophysiologically linked 
to reduced appetite in this cohort? 

Elliott JA et al. Ann Surg (2016) 



Question 2: Are gut hormones pathophysiologically 
linked to reduced appetite in this cohort? 
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Unpublished data 
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YouTube video (lab) 

Question 2: Are gut hormones pathophysiologically 
linked to reduced appetite in this cohort? 

https://www.youtube.com/watch?v=L-DgV2vixSo
https://www.youtube.com/watch?v=L-DgV2vixSo


Question 2: Are gut hormones pathophysiologically 
linked to reduced appetite in this cohort? 
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Elliott et al. Ann Surg, Nov 2015 

BA



Questions 

Question 2: Are gut hormones pathophysiologically 
linked to reduced appetite in this cohort? 
• The magnitude of the gut hormone response is associated 

with altered appetite, early satiety and weight loss 
• Blockade of gut hormones increases appetitive behaviour 

and food intake  

Question 3: If so, what can we do about it? 
 



Question 3: If so, what can we do about it? 
Exogenous ghrelin – limited data 

Adachi et al. Gastroenterology (2010) 



What can we do about it? 
Anamorelin – a novel, orally bioavailable, ghrelin 
receptor agonist 

Romana 1 & 2 Trials 

Body weight  Anorexia-Cachexia Scale 

• Unresectable NSCLC 
• Cachexia (≥5% or BMI<20) 
• 12 weeks, 100mg Anamorelin or Placebo OD PO 
 

• Improved LBM, BW, ACS 
• Divergent effect on fatigue 
• No significant change in HGS 

• Is this a Gr or a GH effect? 
 

• Will this work in patients where intake is limited by  
post-prandial symptoms and early satiety? 
 

• Functional outcomes? 
 

• Is there any effect on oncologic outcome? 
• Gatrointestinal malignancies* 

 
*See Tian et al, Mol Cell Biochem (2013) 

Ghrelin induces gastric cancer cell proliferation, migration, and 
invasion through GHS-R/NF-κB signaling pathway 

 



Question 3: If so, what can we do about it? 
Pre-meal octreotide 

During Sandostatin-LAR treatment, body 
weight increased (66 ± 4 to 70 ± 3 kg; P = 0.19) 

…and an average weight 
gain of 11% during a 12 month period 



Question 3: If so, what can we do about it? 
L-cell stimulation – a new target? 

Bile acids 

TGR5 
FXR (nuclear) 

Bile acids 

? 



GLP-1 
PYY  

Post-ingestive 
symptoms 

Arcuate 
Nucleus 

Enteroendocrine L-cell 

 Body weight 
 QoL 

Rapid nutrient transit 
early glucose 

Conclusion  

Satiety  
Food intake 

β cell adaptation  
(data not shown) 
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Results 
Post-ingestive symptoms and GLP-1 peak 
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Mechanisms of increased gut nutrient sensing post-bariatric 
surgery – parallels after esophagectomy? 



Gut hormones 



Medical Rx 

 

 

Band 

VBG  

 

RYGB 

Long-term body weight reduction after bariatric surgery 
vs standard medical therapy 
Swedish Obese Subjects “SOS” study (n = 4047) 

Sjöström et al., JAMA, 2007 

Bariatric 
surgery 



Sjöström et al., JAMA, 2014 

Reduced prevalence of diabetes after bariatric surgery vs 
standard medical therapy 
Swedish Obese Subjects (SOS) study 



Early weight loss independent effects of RYGB and 
VSG on glucose metabolism at 1 week post-operatively 

Preop 1 wk 3 mo 1 yr 
Days -2.7 ± 2.8 5.4 ± 1.1 98 ± 13 384 ± 25 

Weight 129 ± 14 127 ± 13 112 ± 15 101 ± 20 

%BWL 0% 2 ± 2% 13 ± 4% 22 ± 9% 

Preop 1 wk 3 mo 1 yr 
Days -2.7 ± 2.8 5.4 ± 1.1 98 ± 13 384 ± 25 

Weight 129 ± 14 127 ± 13 112 ± 15 101 ± 20 

%BWL 0% 2 ± 2% 13 ± 4% 22 ± 9% 

NB Jørgensen, JJ Holst et al.  
Am J Physiol Endocrinol Metab, 2012 



RYGB 

Gastric band  

Lean  

Obese 

 
 
 
 

le Roux et al. 
Annals of Surgery, 2006 

400 kcal 



32% reduction in ad libitum calorie intake 
Gutzwiller et al. 

Gut, 1999 



 Pi-Sunyer et al. NEJM, 2015 
NCT01272219 

The “SCALE” RCT 
• 3.0 mg Liraglutide (GLP-1 analogue) versus Placebo 
• 3731 patients, 2:1 allocation ratio, 56-week treatment period 
• Obese/overweight, non-diabetic 
• Placebo-adjusted BWL = 5.6% 



Enteroendocrine regulation of nutrient intake  



Patients remaining eligible   
 
 
 
 
 
 

Methods: Aim 1  
Prospective Study 

Inclusion criteria 
1. Planned for oesophagectomy with 

curative intent 
• Gastric conduit reconstruction 
• Pyloroplasty 

 
 

Exclusion criteria 
1. Unable to eat 
2. Previous GI surgery 
3. Medications affecting gut hormones 
4. Poorly controlled T2DM 

 
 

ClinicalTrials.gov NCT02381249 

Pre-surgery POD 10 6 weeks 3 months 



Time (mins) -5 0 15 30 60 90 120 150 180 

Plasma sample            
400 kcal meal stimulation  
Visual analogue scale            
Sigstad score  
(dumping syndrome)     

Quality of life (QLQ C30, 
OES18, OG25)     

Body weight, 
anthropometry     

ClinicalTrials.gov NCT02381249 

Methods: Aim 1  
Prospective Study 



Sigstad H. 
Acta Med Scand. 1970 



Sex 
N (%female) 

 
4 (31%) 

Age (years) 
Median (range) 

 
63 (46 – 79) 

Pre-illness weight (kg) 
Median (range) 

 
88 (63 – 124) 

Pre-illness BMI (kg/m2) 
Median (range) 

 
30.3 (23.5 – 46.1) 

Histologic type 
   Adenocarcinoma 
   Squamous cell carcinoma 

 
8 (62%) 
5 (38%) 

Neoadjuvant therapy 10 (77%) 

 
 
Type of operation 
   2 Stage 
   3 Stage  
   Transhiatal 

 
 
 
9 (69.2%) 
3 (23.1%) 
1 (7.7%) 

Pathologic Stage 
T1 
T2 
T3 

 
N0 
N1 
N2 

 

 
5 (38.5%) 
1 (7.7%) 
7 (53.8%) 
 
6 (46.2%)  
4 (30.8%) 
3 (23.1%) 
 

Results: Aim 1 
Patient characteristics (n = 13) 



Results: Aim 1 
Significant body weight loss after oesophagectomy  
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3 month %BWL = 14.3% (3.8 – 30.7%) 

Weight, kg 
Median (range) 88 (63–124) 79 (63-102) 81 (65-96) 76 (60-91) 72 (60-92) 



Methods: Aim 2 
Crossover study 

Oesophagectomy 
1. Oesophagectomy  

• 5cm gastric conduit  
• Pyloroplasty 

2. Disease-free ≥1 year post-op 
3. No clinically significant 

dysphagia 
4. No previous GI surgery 

 
 

Placebo 

Visit 1 

Visit 2 Octreotide 

Study cohort 
Oesophagectomy (n = 10)  

Control (n = 8) 

Octreotide Placebo 

Randomisation 

Control 
1. Barrett’s oesophagus 
2. No previous GI surgery 
3. Age, weight and gender 

matched to esophagectomy 
group 

ClinicalTrials.gov NCT02385617 



Methods: Aim 2 
Crossover study 



Results: Aim 2 
Baseline characteristics of study population 

  Control 
(n = 8) 

Oesophagectomy 
(n = 10) P-value 

      

 
Gender 
(%female) 
  

 
3/10 (30%) 

 
2/8 (25%) 

 
0.61  

Age 
  

58.5 ± 4.7 62.5 ± 2.8 0.47 

Body mass 
index 
  

28.9 ± 0.9 Post-op: 25.5 ± 0.9 
Pre-op: 28.8 ± 1.5 

 

0.044 
0.96 

    
Mean ± standard error 



Years since surgery, 
median (range)  
 

2.17 (1.53 – 3.65)  
Histologic type 
   Adenocarcinoma 
 

 
10 (100%) 
 4.0% 

 
Pathologic Stage 

T0 
T1 
T2 
T3 

 
 

2 (20%) 
6 (60%) 
0 (0%) 

2 (20%) 

 
N0 
N1 

 

 
 
9 (90%) 
1 (10%) 

 
Neoadjuvant CRT 

 
4 (40%) 

 
Type of operation 

Ivor-Lewis 
Transhiatal 

 

 
 

6 (60%) 
4 (40%) 

 
 

 
 
 

  
  

Results: Aim 2 
Clinicopathologic characteristics of oesophagectomy 
group 

1 year %BWL 
(mean±SE) 
 

10.3 ± 4.0% 



Aim 2: Results 
Oesophagectomy is associated with an exaggerated  
post-prandial satiety gut hormone response 

Saline day fasting [     ] and  
post-prandial [     ] plasma GLP-1 and PYY concentrations 
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Aim 2: Results 
Post-prandial GLP-1 levels significantly correlated with  
%weight loss post-oesophagectomy 
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Aim 2: Results 
Octreotide attenuates the post-prandial satiety gut hormone 
(GLP-1 and PYY) response 

Octreotide day fasting [     ] and  
post-prandial [     ] plasma GLP-1 and PYY concentrations 



Ghrelin and body weight loss after oesophagectomy 
Author Year N Surgery DF Time-points Outcome 

Doki 2006 9, 26 • 2SE 
• WS (28), GCC (7) 
• Digital pyloric 

bougie 

Yes • 3 and 7 days 
(n=9) 

• 25 (3-67) 
months (n=26) 

• 51.4% and 49.8% of baseline at days 3 and 7 
• 107.4% of baseline at 25 (5-67) months  
• Ghrelin levels negatively correlated with ΔBMI at <36 

months 
• Ghrelin levels positively correlated with time since 

surgery 
• No difference between WS or GCC reconstruction 

Koizumi 2011 22 • 2SE/3SE 
• GCC 
• Digital pyloric 

bougie 

No • Pre-operative 
• 1, 3, 6, 12 

months post 

• Ghrelin reduction at 1 month (63.9%) recovered to 
75.8%, 99.7% at 3, 6 months post  

• Appropriate rebound at 12 months (125.0%) but 
continued BWL 

• Appetite score increases over time from surgery 
• Correlation between appetite score and ghrelin 

Miyazaki 2012 25 • 2SE/3SE 
• GCC 

No • Pre-operative 
• 7 days 
• 6-24 months 
• >36 months 

• 38.7% of baseline at day 7 (P < 0.01) 
• 56.0% of baseline at 22.1 (6-24) months (P < 0.05) 
• 111.6% of baseline at 53.4 (39–80) months 
• %ΔGhrelin correlated with %BWL at 6-24 months, but 

not at >36 months 
Yamamoto 2013 20 • 3SE 

• GCC 
Yes • Pre-operative 

• Day 0, 1, 3, 10 
• 33% (15-90%) baseline at day 1  
• 50% baseline at day 3-10  

DF, disease-free; 2SE, 2-stage oesophagectomy; 3SE, 3-stage oesophagectomy; WS, whole stomach; GCC, greater curvature conduit; BMI, body 
mass index; BWL, body weight loss 



Miyazaki et al. 2012 
Weight loss at 6-24 months post-oesophagectomy correlates with 
%∆ghrelin 

But weight loss continues despite recovery of ghrelin levels to baseline by 
approximately 36 months post-operatively 



GLP-1 
A prototypical gut hormone 



Doki et al. 2006       
Temporal recovery of early reduced ghrelin production post-esophagectomy 
with either whole stomach or gastric conduit reconstruction 



Rapid nutrient transit after VSG 

Chambers et al, Am J 
Physiol Endocrinol 

Metab. 2014 Feb 15 



Mechanisms contributing to post-operative exaggerated 
L-cell responses 

Isocaloric duodenal nutrient infusion 
 
 
 
 
 
 
 
 
 
 

However, even when nutrients are 
infused directly into the intestine at 
an identical rate, GLP-1 secretion is 
greater post-VSG relative to sham… 

A: Lack of 
anticholinergic 
responsiveness 
indicates loss of 

neural regulation of 
gastric emptying 

post-VSG 

B: Lack of Exenatide 
(Exn-4, a GLP-1 

analogue) 
responsiveness 
indicates loss of 

paracrine regulation on 
gastric emptying  

(“ileal brake”) Chambers et al, Am J Physiol 
Endocrinol Metab. 2014 Feb 15 
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