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 Abstract 
  Background.  We investigated the radiographic and pathologic response rate of esophageal adenocarcinoma treated with 
neoadjuvant chemoradiation in patients taking metformin.  Material and methods.  Two hundred eighty-fi ve patients with 
esophageal adenocarcinoma treated with concurrent chemoradiation (CRT) followed by esophagectomy from 1997 
to 2012 were included in the study, including 29 diabetics taking metformin, 21 diabetics not taking metformin and 
235 non-diabetics. Pre- and post-treatment positron emission tomography (PET) scans were available for 204 patients. 
Pathologic response was graded at the time of surgery. Response rates were compared using both the  χ  2  statistic as 
well as ANOVA with post-hoc LSD analysis. Multivariate logistic regression analysis was performed to control for 
predictors of pathologic complete response (CR) after CRT.  Results . The overall rate of pathologic CR for the study 
population was 20%. The pathologic CR rate was higher in patients taking metformin (34.5%), compared to diabetic 
patients not taking metformin (4.8%, p    �    0.01) and non-diabetic patients (19.6%, p    �    0.05). Pathologic CR was 
related to metformin dose, with  �   1500 mg/d associated with a higher CR rate. No signifi cant difference seen in pre-
CRT maximum tumor SUV (p    �    0.93), however post-CRT maximum SUV was signifi cantly decreased in patients 
taking metformin (p    �    0.05). On multivariate logistic regression, metformin use was independently associated with 
pathologic CR (p    �    0.04). Metformin use was also associated with decreased in fi eld loco-regional failure following 
radiation (p    �    0.05).  Conclusion.  Metformin use is associated with a dose-dependent increased response to CRT in 
esophageal cancer and may be a sensitizer to this therapy.   

 Esophageal cancer is a deadly disease, with an 
estimated 406,800 deaths annually worldwide. The 
prognosis is particularly poor in patients with 
loco-regionally advanced disease at the time of 
presentation, with an estimated median survival 
of less than 30 months after chemoradiation 
and surgical resection based on SEER database 
analysis [1]. Although there is some variability, one 
standard approach to treatment of these patients 
involves concurrent chemotherapy and radiation 

(CRT) prior to esophagectomy. Pathologic com-
plete res ponse (CR) rates following CRT vary from 
10% to 40%, with CR being associated with 
improved survival [2 – 4]. 

 Recently, metformin has been investigated as an 
adjunct to standard chemotherapeutic regimens. 
Metformin use among diabetics has been linked to 
decreased rates of esophageal cancer [5]. Pre-clinical 
data from several cancer cell types indicate that 
 metformin has anti-tumor effects alone or in 
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 combination with either chemotherapy or radiation 
[6 – 8]. This has been postulated to be via interaction 
with a number of signaling cascades. Metformin can 
inhibit insulin-like growth factor-1 (IGF-1) signal-
ing by decreasing circulating insulin levels as well as 
the bioavailability of IGF-1 [9]. Furthermore, met-
formin enhances the activation of the AMP kinase 
(AMPK) [7]. Both of these pathways intersect at the 
level of the mammalian target of rapamycin (mTOR), 
which is also inhibited by metformin [9]. However, 
data supporting the use of metformin during cancer 
therapy are not confi ned to pre-clinical studies. 
Metformin use is associated with higher CR rates in 
breast cancer patients treated with neoadjuvant che-
motherapy as well as decreased rates of local failure 
following radiation in patients with head and neck 
cancer [8,10]. Thus, preclinical data as well as data 
from other disease sites hints at the possibility of 
metformin working in conjunction with standard 
therapy to improve response; however this question 
has not yet been addressed in esophageal cancer. 
Thus, the current study investigated the effect of 
metformin on both radiologic as well as pathologic 
CR after concurrent chemoradiation for locally 
advanced esophageal cancer. As a secondary 
 outcome, the effect of metformin on locoregional 
control and survival outcomes was also examined.  

 Material and methods  

 Patient demographics 

 The charts of patients treated with concurrent 
chemoradiation followed by surgical resection for 
esophageal carcinoma from 1997 to 2012 were 
reviewed. Patients were required to be treated with 
curative intent and to have no visceral or bony 
 metastatic disease at the time of surgery. A total of 
285 patients met these criteria. Median follow-up for 
living patients was 21 months (0 – 162). The vast 
majority of patients were men (92%) who were either 
current or former smokers (81%) and had distal or 
gastroesophageal junction (GEJ) tumors (96.1%) 
(Table I). Initial staging was performed in most 
patients via EGD and endoscopic ultrasound (EUS) 
as well as cross-sectional imaging [either chest com-
puted tomography (CT) or positron emission tomog-
raphy (PET)/CT]. A large proportion of patients had 
T3 disease (84%), with 63% having N1 disease and 
35% having no positive lymph nodes at diagnosis. 
Fifty patients (18%) in this cohort were found to be 
diabetic, with either a pre-existing diagnosis of dia-
betes or blood glucose levels consistent with diabetes 
leading to a diagnosis at the time of presentation. 
Diabetic patients were then divided into two groups, 
those taking metformin alone or in addition to other 
anti-diabetic medications (29 patients), and those 

diabetics using other medications only (21 patients). 
This information was ascertained from the pharmacy 
record or from annotation in the patients chart at the 
time of radiation. No signifi cant differences between 
these groups were seen in regards to gender, smoking 
status, tumor or nodal stage, or pathologic differen-
tiation (Table II). Further, no difference in insulin 
use was observed between the metformin group and 
the remaining diabetics (p    �    0.17). Of note, patients 
with diabetes trended toward a poorer pre-treatment 
performance status, however this was not statistically 
signifi cant (p    �    0.008). 

 Of the 285 patients in the current study, 204 
(72%) had pre and post-treatment PET scans 
available for review. Pre-treatment PET scans were 
obtained at the time of presentation and post-
treatment PET scans were obtained within 1 – 2 
months following chemoradiation. The maximum 
SUV values of the patient ’ s tumor were determined 
on both scans.   

 Treatment 

 The standard approach to treatment in locally 
advanced esophageal cancer at our institution is neo-
adjuvant radiation to the tumor and draining lym-
phatics (45 – 50.4 Gy), in combination generally with 
5-FU and/or platinum-based chemotherapy. A sig-
nifi cant minority of these patients (34%) were treated 
with induction chemotherapy, with agents listed in 
Table II. There were no signifi cant differences 
between groups in regards to induction chemother-
apy treatment (p    �    0.24) or type of radiation admin-
istered (p    �    0.99) (Table II). 

 Generally within eight weeks of completion of 
chemoradiation, an en-bloc esophagectomy with 
regional lymph node dissection was performed. 
Pathologic response was given as a percentage of 
remaining viable tumor by the pathologist at the time 
of surgery, with a complete response denoting no 
identifi able viable tumor in both the primary site and 
dissected lymph nodes.   

 Statistics 

 Patient demographics and tumor characteristics 
were compared between groups using the  χ  2  statis-
tic. Pathologic complete response rates, as well as 
pre- and post-treatment tumor SUV were compared 
between groups using both the  χ  2  statistic as well 
as ANOVA with post-hoc LSD analysis. A multi-
variate logistical regression model was generated to 
examine pathologic response while controlling for 
tumor and nodal stage, differentiation, LVSI, and 
treatment with induction chemotherapy. A multi-
variate linear regression model was generated to 
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examine post-treatment maximum SUV while con-
trolling for the same variables. Percent pathologic 
response and post-treatment SUV were compared 
by use of Pearson correlation. Overall survival (OS), 
disease free survival (DFS), time to distant meta-
static disease (DM) and time to loco-regional recur-
rence (LRR) were calculated using the Kaplan-Meier 
statistic with log rank comparisons performed to 
determine signifi cance. For the purposes of this 
study, LRR was defi ned as a recurrence of disease 

within the radiation treatment fi eld. All statistics 
were performed using SPSS (v.17). All p-values are 
two-sided, with a p-value of 0.05 considered 
 signifi cant.    

 Results  

 Radiographic response 

 The median pre- and post-treatment maximum 
tumor SUV was 9.4 (95% CI 8.2 – 10.6) and 4.5 

  Table I. Patient demographics and treatment characteristics.  

 All patients  Non-diabetic 
 Diabetic, 

Metformin 
 Diabetic, 

No metformin 

N % N % N % N %  p-value 

All patients 285 100.0% 235 100.0% 29 100.0% 21 100.0%
Median age 60 (20 – 83) 60 (20 – 81) 62 (40 – 77) 61 (51 – 83) p    �    0.11
Gender

Male 261 91.6% 215 91.5% 25 86.2% 21 100.0% p    �    0.22
Female 24 8.4% 20 8.5% 4 13.8% 0 0.0%

Race
African-American 1 0.4% 0 0.0% 1 3.4% 0 0.0% p    �    0.05
Arabic 3 1.1% 2 0.9% 1 3.4% 0 0.0%
Asian 2 0.7% 1 0.4% 1 3.4% 0 0.0%
Caucasian 272 95.4% 226 96.2% 26 89.7% 20 95.2%
Hispanic 7 2.5% 6 2.6% 0 0.0% 1 4.8%

PS
100 20 7.0% 13 5.5% 4 13.8% 3 14.3% p    �    0.08
90 98 34.4% 87 37.0% 5 17.2% 6 28.6%
80 142 49.8% 117 49.8% 17 58.6% 8 38.1%
70 25 8.8% 18 7.7% 3 10.3% 4 19.0%

Smoking status
Never 77 27.0% 65 27.7% 6 20.7% 6 28.6% p    �    0.57
Former 155 54.4% 124 52.8% 20 69.0% 11 52.4%
Current 53 18.6% 46 19.6% 3 10.3% 4 19.0%

Tumor stage
T1 2 0.7% 2 0.9% 0 0.0% 0 0.0% p    �    0.99
T2 36 12.6% 30 12.8% 4 13.8% 2 9.5%
T3 240 84.2% 197 83.8% 24 82.8% 19 90.5%
T4 6 2.1% 5 2.1% 1 3.4% 0 0.0%
TX 1 0.4% 1 0.4% 0 0.0% 0 0.0%

Nodal stage
N0 101 35.4% 85 36.2% 11 37.9% 5 23.8% p    �    0.86
N1 179 62.8% 145 61.7% 18 62.1% 16 76.2%
N2 1 0.4% 1 0.4% 0 0.0% 0 0.0%
NX 4 1.4% 4 1.7% 0 0.0% 0 0.0%

Location
Distal/GEJ 274 96.1% 224 95.3% 29 100.0% 21 100.0% p    �    0.30
Other 11 3.9% 11 4.7% 0 0.0% 0 0.0%

Differentiation
Well 1 0.4% 0 0.0% 1 3.4% 0 0.0% p    �    0.14
Moderate 96 33.7% 78 33.2% 11 37.9% 7 33.3%
Poor 186 65.3% 155 66.0% 17 58.6% 14 66.7%
Unknown 2 0.7% 2 0.9% 0 0.0% 0 0.0%

LVSI
Absent 217 76.1% 181 77.0% 22 75.9% 14 66.7% p    �    0.57
Present 68 23.9% 54 23.0% 7 24.1% 7 33.3%

Insulin use
No 38 13.3% 20 69.0% 18 85.7% p    �    0.17
Yes 12 4.2% 9 31.0% 3 14.3%

Median F/U (months) 21 (0 – 162) 21.5 (0 – 162) 24 (3 – 70) 13 (1 – 60) p    �    0.27
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(95% CI 4.1 – 4.9), respectively, for the study popu-
lation. On multivariate linear regression analysis, 
metformin use (p    �    0.03) and LVSI (p    �    0.002) were 
associated with post-treatment maximum SUV 
(Table III). There was no signifi cant difference 
between groups in pre-treatment SUV (Figure 1). 
However, patients taking metformin at the time 
of chemoradiation had a signifi cantly lower post-
treatment SUV (mean 3.5) compared to non-
diabetics (mean 4.6, p    �    0.05) and diabetics not 
taking metformin (median 5.8, p    �    0.005). Further-
more, post-treatment SUV was signifi cantly corre-
lated with percent pathologic response, with lower 
post-treatment SUV indicating less viable tumor 
(p    �    0.00003).   

 Pathologic complete response (CR) 

 The pathologic CR rate for the study population 
was 20%. On multivariate logistic regression anal-
ysis of patient and tumor characteristics only tumor 

stage (T3/4 vs. T1/2, p    �    0.04), lymphovascular 
space invasion (LVSI) (p    �    0.004) and metformin 
use (p    �    0.04) were signifi cantly associated with 
pathologic CR, with tumor differentiation (poor/
unknown vs. well/moderate) trending towards 
signifi cance (p    �    0.07). Specifi cally, insulin use was 
not associated with pathologic CR rate (p    �    0.3). 
In patients taking metformin at the time of CRT 
the pathologic CR rate was 35%, compared to 5% 
in diabetics not taking metformin and 20% in non-
diabetics (Figure 1). On post-hoc analysis, the 
pathologic CR rate was signifi cantly greater in 
metformin users compared to either diabetics 
not taking metformin (p    �    0.01) or non-diabetics 
(p    �    0.05). Among all diabetics, a dose-response 
relationship was seen with metformin use, with 
higher pathologic CR rates in those patients taking 
1500 mg/day or higher (16 patients), compared to 
those taking  �   1500 mg/day (12 patients, p    �    0.03) 
or those taking no metformin (21 patients, 
p    �    0.001) (Figure 1C).   

  Table II. Treatment characteristics of the patient population.  

 All patients  Non-diabetic 
 Diabetic, 

Metformin 
 Diabetic, No 
metformin  p-value 

Induction
No 188 66.0% 154 65.5% 17 58.6% 17 81.0% p    �    0.24
Yes 97 34.0% 81 34.5% 12 41.4% 4 19.0%

Induction type
None 188 66.0% 154 65.5% 17 58.6% 17 81.0% p    �    0.12
5-FU and platinum 30 10.5% 27 11.5% 2 6.9% 1 4.8%
CPT-11 based 9 3.2% 9 3.8% 0 0.0% 0 0.0%
5-FU, platinum and taxane 50 17.5% 38 16.2% 9 31.0% 3 14.3%
Platinum and taxane 3 1.1% 3 1.3% 0 0.0% 0 0.0%
Epirubicin based 4 1.4% 4 1.7% 0 0.0% 0 0.0%
Platinum alone 1 0.4% 0 0.0% 1 3.4% 0 0.0%

XRT type
3D-CRT 59 20.7% 48 20.4% 7 24.1% 4 19.0% p    �    0.99
IMRT 154 54.0% 127 54.0% 15 51.7% 12 57.1%
Protons 72 25.3% 60 25.5% 7 24.1% 5 23.8%

Concurrent chemotherapy type
5-FU/Taxane-based 103 36.1% 81 34.5% 13 44.8% 9 42.9% p    �    0.31
Xeloda or 5-FU only 19 6.7% 15 6.4% 2 6.9% 2 9.5%
5-FU and platinum 113 39.6% 96 40.9% 9 31.0% 8 38.1%
CPT-11 alone 2 0.7% 2 0.9% 0 0.0% 0 0.0%
CPT-11 based 10 3.5% 7 3.0% 2 6.9% 1 4.8%
5-FU, platinum and taxane 25 8.8% 23 9.8% 2 6.9% 0 0.0%
Platinum and taxane 12 4.2% 11 4.7% 0 0.0% 1 4.8%

Other 1 0.4% 0 0.0% 1 3.4% 0 0.0%
Median XRT dose (Gy) 50.4 (30 – 59.4) 50.4 (43 – 54.4) 50.4 (45 – 54) 50.4 (30 – 59.4) p    �    0.20

  Table III. Multivariate regression analysis of factors affecting pathologic CR rates.  

 Multivariate logistic regression  Comparison Sig. OR 95% CI

Tumor stage T3/4 vs. T1/2 0.04 0.44 0.21 0.96
Differentiation Well/moderate vs. Poor/unknown 0.07 1.45 0.96 2.17
Metformin use Yes vs. No 0.04 2.65 1.07 6.55
LVSI Present vs. Absent 0.004 0.05 0.01 0.38
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 Survival outcomes 

 Median overall survival (OS) and disease free 
survival (DFS) for the study population were 51 and 
24 months, respectively. No signifi cant difference in 
median survival was seen between non-diabetics 
(56 months), diabetics taking metformin (44 months) 
and diabetics not taking metformin (51 months, 
p    �    0.63). Median DFS was also not signifi cantly dif-
ferent between groups (p    �    0.92). However, median 
DFS was signifi cantly improved among all patients 
with a pathologic CR compared to non-pathologic 
CR (64 months vs. 18 months, p    �    0.01). Further, 
disease recurrence in the fi eld of radiation was dra-
matically decreased in patients taking metformin 
(Figure 2). Specifi cally, in patients taking metformin, 
the three year in fi eld loco-regional control (LRC) 
rate was 100%, compared to 81% in the non-diabetic 
patients (p    �    0.05) and 79% in diabetics not taking 
metformin (p    �    0.03).    

 Discussion 

 The current study is the fi rst to link metformin use 
to signifi cantly improved radiographic and patho-
logic response to chemoradiation in esophageal 

 cancer. This effect is present even after accounting 
for multiple variables known to affect response to 
CRT and argues for potentiation of either or both 
chemotherapy and radiation in this disease. This is 
similar to previous data indicating that metformin 
may improve response to chemotherapy [10,11] and 
radiation [8] in other disease sites. Further, we found 
a signifi cant dose-dependent effect of metformin on 
response, with doses of greater than 1500 mg/day, 
associated with improved pathologic CR. 

 The anti-tumor effect of metformin is not com-
pletely understood. One possibility is the addition of 
metformin can lead to decreased endogenous insulin 
levels. Insulin is mitogenic in a variety of cancer cell 
types, partially via activation of the insulin-like 
growth factor receptor-1 (IGF-1) in addition to the 
insulin receptor (IR) proper. Furthermore, obesity, 
and in particular the metabolic syndrome, have been 
associated with the development of Barrett ’ s esopha-
gus and progression to esophageal adenocarcinoma 
[12,13]. It is speculated that by downregulating this 
hyper-insulemic infl ammatory state, metformin may 
improve response to therapy. However, in the current 
study, pathologic CR rates were higher in diabetics 
taking metformin than in the non-diabetic group, 
which is similar to the fi ndings of Jiralerspong and 

  Figure 1.     Pathologic and radiolographic response rates between groups. (A) Pathologic CR rates and maximum tumor SUV between 
groups. (B  &  C) Bar graphs showing pathologic CR rate and post-treatment tumor SUV of each treatment group. (D) Pathologic response 
in diabetics stratifi ed by daily dose of metformin (mg/day). p represents the p value of the comparison.  
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signaling as well as anti-proliferative effects in an 
AMPK-independent manner [18]. Thus, the precise 
interaction between metformin, AMPK and mTOR 
signaling is an ongoing fi eld of study. 

 However, regardless of mechanism, metformin 
appears to have signifi cant pre-clinical as well as 
clinical anti-tumor activity, but this may not be true 
for all tumors. The anti-tumor effects of metformin 
alone or in combination with cytotoxic therapy may 
be limited primarily to tumors with mutations in 
p53 [6,8,19]. This phenomenon has been linked to 
direct effects on the mitochondria and, particularly 
upon the production of reactive oxygen species 
(ROS) [6,8,19 – 21]. We have shown previously met-
formin potentiates an ROS dependent radiation-
induced cell arrest, but only in the context of mutant 
p53 [19,22]. Furthermore, metformin alone or in 
combination with radiation, has been found to alter 
glucose metabolism, a process which can be impaired 
in mutant p53 cells [6,20,22,23]. As p53 mutations 
are found in at least 50% of all esophageal carcino-
mas and alterations in p53 signaling have been 
linked to poor response following local therapy, 

colleagues, examining the effects of metformin in 
breast cancer [10]. Although insulin levels in the 
non-diabetic population were not available for this 
study, presumably they were not grossly elevated, 
arguing against this hypothesis. 

 A secondary or complimentary explanation of the 
anti-tumor effect of metformin involves the AMP 
kinase (AMPK). Among other functions, this kinase 
is a critical energy sensor in the cell and is activated 
by a variety of cellular stressors including glucose 
deprivation and hypoxia. Furthermore, AMPK acti-
vation inhibits the function of the mammalian target 
of rapamycin (mTOR) signaling cascade which has 
been found to be activated in a variety of human 
tumors, including esophageal cancer [14,15]. Met-
formin has been shown to be a potent activator of 
AMPK in preclinical models which appears to be 
important to its activity as a monotherapy [16,17]. 
Furthermore, AMPK activation by chemotherapeu-
tics as well as radiation has been shown to be poten-
tiated in the presence of metformin leading to 
decreased mTOR signaling [7,8]. However, met-
formin can also exert inhibitory effects on mTOR 

  Figure 2.     Outcomes for the study population. (A) Overall survival (OS), (B) Disease free survival (DFS), (C) Time to loco-regional 
recurrence (LRR)  &  (D) Time to distant metastatic disease (DM). LRR was signifi cantly less in patients taking metformin compared to 
non-diabetics (p    �    0.05) or diabetics not taking metformin (p    �    0.04).  
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metformin may offer a novel method of targeting 
these resistant tumors. 

 In the current study a signifi cantly decreased 
post-treatment SUV was observed in patients taking 
metformin compared to other groups. The effect of 
metformin on FDG uptake is unclear, with several 
studies showing increased or decreased FDG uptake 
after metformin treatment depending upon the 
model [23 – 25]. This could be due to the dual action 
of metformin to both enhance AMPK-mediated sig-
naling, which would increase glucose uptake, as well 
as decrease insulin secretion, with a concomitant 
decrease in glucose uptake. This phenomenon has 
led to speculation that FDG-PET would be a poor 
surrogate endpoint for response in trials examining 
metformin use. However, in the current study, we 
found that post-treatment SUV correlated with 
pathologic CR rates, thus providing some supporting 
data for the use of FDG-PET at least in the context 
of combined therapy. 

 The current study is limited by several factors, 
most notably its retrospective nature as well as the 
comparatively small numbers of patients in the 
diabetic groups. However, the groups are well bal-
anced in regards to most known factors predicting 
pathologic response to local therapy in esophageal 
carcinoma. In the absence of a prospective clinical 
trial, the current data provides at least hypothesis 
generating data for the use of metformin in the 
neoadjuvant setting. Furthermore, although dra-
matic differences in response rates were seen, this 
did not translate to differences in OS or DFS. 
Unfortunately, although CR was associated with 
DFS in the current study (p    �    0.01), this did not 
translate to a survival benefi t in the patients taking 
metformin. This could be due to the low numbers 
of patients in the metformin arm masking a benefi t 
in survival outcomes as well as the competing risk 
of underlying diabetes in this population. Interest-
ingly, time to in fi eld loco-regional recurrence in 
patients taking metformin at the time of CRT, was 
increased compared to other groups. Although most 
patients ultimately succumb to their disease due to 
distant failure, this pattern of metformin effect is 
noteworthy, in that it provides further data for 
synergy between metformin and the radiation com-
ponent of CRT therapy in this disease. 

 In summary, the current study offers interesting 
data implicating metformin use in improved response 
to concurrent chemoradiation for esophageal carci-
noma. Although, the current study provides limited 
data, we believe that this data, in combination with 
promising preclinical data as well as retrospective 
data from other disease sites warrants further pro-
spective evaluation of metformin for the treatment of 
this devastating malignancy.              
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