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KEY POINTS

� The usefulness of 18F-FDG-PET/CT scanning varies depending on the type of gastrointestinal
tumor.

� PET combined with contrast-enhanced computed tomography scanning is particularly valuable for
evaluating gastrointestinal tumors.

� Although not the primary imaging modality for most gastrointestinal malignancies, 18F-FDG-PET/
CT scanning can guide therapeutic decisions when used strategically.
INTRODUCTION preparations can be used, which the patients can
Gastrointestinal (GI) malignancies encompass a
wide range of disease sites, each with its own
unique challenges. In organizing this review, we
have chosen to divide the GI system into the
following disease site categories: esophagogastric,
colon, hepatobiliary, pancreas, and rectal–anal. We
summarize 2-deoxy-2-[18F] fluoro-D-glucose posi-
tron emission tomography/computed tomography
scanning (FDG-PET/CT) applications for initial stag-
ing and follow-up of these different GI malig-
nancies, with particular attention to the role that
FDG-PET/CT scanning plays in the management
of these patients. Neuroendocrine tumors and
small bowel tumors are not primarily evaluated by
FDG-PET/CT, and are discussed in greater detail
elsewhere in this issue.
.c
om
GENERAL CONSIDERATIONS

The usual patient preparation (fasting, glucose
control, limiting exercise) is important for patients
undergoing FDG-PET/CT imaging for GI malig-
nancies. Oral contrast is frequently helpful for
anatomic definition and lesion localization within
the GI tract. Flavored, noncaloric barium
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sip during the FDG uptake phase. Neutral oral
contrast such as water can also be used before
imaging pancreatic lesions. Metformin can result
in high FDG activity throughout the bowel, making
it difficult to identify underlying lesions. Having pa-
tients discontinue metformin for 24 to 48 hours
before FDG-PET/CT scanning can decrease this
artifact,1 but is usually not practical owing to the
risk of hyperglycemia.

Intravenous contrast can also be beneficial for
anatomic localization and diagnosis, especially
for FDG-PET/CT evaluation of the liver and
pancreas. Newer generation multidetector PET/
CT scanners are capable of providing thin-slice
multiphase CT scans in the arterial and portal
venous phases of enhancement. If contrast-
enhanced CT is not performed concurrently as
part of the FDG-PET/CT study, it is important to
correlate the FDG-PET findings with a separate
contrast-enhanced CT or MR scan.
ESOPHAGEAL CANCER
Initial Staging

Esophageal cancer comprises squamous cell car-
cinoma (in the proximal two-thirds esophagus) and
artment of Radiology, Duke University Medical Cen-
10, USA

ra
di
ol
og
ic
.th

ec
li
ni
cs

ity from ClinicalKey.com by Elsevier on August 19, 2021. 
ion. Copyright ©2021. Elsevier Inc. All rights reserved.

mailto:brandon.howard@duke.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rcl.2021.06.001&domain=pdf
https://doi.org/10.1016/j.rcl.2021.06.001
http://radiologic.theclinics.com


Howard & Wong738
adenocarcinoma (distal third and esophagogastric
junction [EGJ]). Its incidence has been increasing,
owing to the greater frequency of adenocarcinoma
arising in the squamous metaplasia of Barrett’s
esophagus, with an estimated 19,260 new cases
and 15,530 deaths in the United States in 2021.2

Except for cervical esophageal cancer, for which
definitive chemoradiation is used, surgical resec-
tion with lymphadenectomy is the best curative
therapy in patients without distant metastases.
However, morbidity is high, and imaging is critical
to help select only those patients who will benefit
from esophagectomy. With conventional imaging,
metastatic disease is found during surgery in as
many as 60% of patients, and more accurate stag-
ing with advanced imaging is needed.
Although pathologic staging best correlates with

survival, FDG-PET/CT scans, endoscopic ultra-
sound (EUS) examination, and CT scans have
improved the accuracy of clinical staging.3 FDG-
PET/CT scanning from the skull base to the mid-
thighs is currently recommended for initial staging
of esophageal and EGJ cancers unless there is
known metastatic disease.4 FDG-PET/CT scan-
ning is more sensitive than CT alone for detecting
metastasis and therefore allows better patient se-
lection for surgical resection.5 In a prospective
multicenter trial, FDG-PET/CT scanning found me-
tastases in 41% and changed management in
38% of cases.6 Limitations of FDG-PET/CT scan-
ning include a decreased sensitivity for detection
of liver metastases if the CT component is without
intravenous contrast and potential false-positive
findings.7–10

FDG-PET/CT scanning has limited ability to
differentiate between clinical (c)T1, T2, and T3 tu-
mors5,11 and plays no role in T staging, except
for possibly determining mediastinal invasion.12

FDG-PET scanning has less usefulness in early
stage (cT1) tumors because of a low prevalence
of metastatic disease and risk of false-positive
findings.7,8 FDG-PET/CT scanning sensitivity
compared with endoscopy in a screening setting
was found to be 4% and it is not useful for this pur-
pose.13 Although focal FDG avidity in the esoph-
agus is most often malignant, uptake in
esophageal papilloma may be a false positive
finding.14 FDG-PET/CT scanning is helpful in delin-
eating the target volume before radiation therapy;
a small study determined that respiratory-gated
CT scanning underestimated the size of the target
volume by 20% when compared with FDG-PET/
CT scanning.15 The metabolic tumor volume
(MTV) on a baseline FDG-PET/CT scan before
neoadjuvant chemotherapy correlated with patho-
logic response in 61 patients with squamous cell
and adenocarcinoma of the esophagus.16
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For nodal staging, EUS examination is superior
for assessment, having an 85% sensitivity,17 with
additional fine needle aspiration improving cN
staging sensitivity and accuracy.18 CT scan sensi-
tivity is 30% to 60% using a node long axis of
greater than 1 cm.19,20 In a large meta-analysis
of studies originating in Asia, the pooled sensitivity
and specificity for the detection of regional lymph
node metastasis was 66% and 96%, respec-
tively.21 In a retrospective review of 148 patients
with esophageal cancer, FDG-PET scanning did
not alter nodal staging in any patient who had un-
dergone complete EUS–fine needle aspiration.22

In esophageal squamous cell carcinoma, FDG-
PET/CT scanning performs similarly to EUS exam-
ination in discriminating N0 from N1 disease, while
being slightly more sensitive but otherwise similar
to EUS for distinguishing T1a or less disease from
other tumors.23 The most commonly involved
lymph nodes in upper esophageal cancer are
supraclavicular, retrotracheal, and paratracheal,
whereas the most common in lower esophageal
cancer are paraesophageal and gastrohepatic
nodes.24 FDG-PET/CT scanning is useful before
endoscopy, helping to delineate nodal distribution
before fine needle aspiration.4

In a novel study of 20 patients with mostly squa-
mous cell histology, FDG-PET imaging was per-
formed on the same day before surgical
resection with lymph node dissection. Radioac-
tivity in the harvested lymph nodes was measured
using a well counter and correlated with pathol-
ogy. Lymph node analysis from PET images
yielded sensitivity, specificity, positive predictive
value, and negative predictive value of 29%,
97%, 44%, and 94%, respectively. Ex vivo counts
were more accurate, yielding 95%, 79%, 14%,
and 99.8%, for these respective parameters. The
authors suggested that FDG uptake in nodes
may be helpful in navigation surgery for esopha-
geal cancer.25

Mining PET data to find radiomic signatures pre-
dictive of outcomes is a burgeoning area of
research in esophageal cancer. Yip and col-
leagues26 found that PET-based textural features
(entropy and run–length matrix) correlated with
outcome after neoadjuvant chemotherapy, better
than the standardized uptake value (SUV). Convo-
lutional neural network analysis of FDG-PET/CT
scans was used to predict lymphovascular inva-
sion and perineural invasion in 798 patients with
esophageal squamous carcinoma.27 In 65 patients
with esophageal cancer treated with chemoradia-
tion and followed for 3 years, pretreatment FDG-
PET scans and medical records were analyzed us-
ing a random forest machine learning approach;
 ClinicalKey.com by Elsevier on August 19, 2021. 
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the MTVwas found to be the strongest predictor of
response and survival.28

With the rapid technological changes in PET/CT
scanners (time-of-flight resolution and advanced
reconstruction techniques), previous assumptions
regarding PET quantitation vis-à-vis the maximum
(SUVmax), and data in older literature, will need to
be reassessed. In particular, SUV has limitations,
such as body composition, glucose level, uptake
time, and reconstruction parameters, and some-
times can be misleading; there has been greater
interest in qualitative scoring paradigms across a
range of tumor types, and esophageal cancer is
no exception.

Huang and colleagues29 applied a qualitative 4-
point scale to FDG-PET analysis: 1, no focal up-
take; 2, focal uptake greater than surrounding
tissue or blood pool but equal or less than the liver;
3, diffuse uptake greater than blood pool up to
marginally greater than liver; and 4, focal uptake
much greater than liver. Scores of 1 to 3 were
viewed as negative and a score of 4 was positive.
Taking into account multiple parameters derived
from the postchemoradiation FDG-PET scan,
including above and below the median values of
the SUVmax, the percent change in SUVmax, and
MTV, only the American Joint Commission on
Cancer stage and qualitative 4-point scale to
FDG-PET analysis score significantly correlated
with overall survival on multivariable Cox regres-
sion analysis.29 In a retrospective study of 128 pa-
tients with esophageal squamous cell cancer by
Wang and colleagues30 it was found that a
tumor-to-liver SUV ratio was superior to SUVmax

and tumor-to-blood pool ratio by receiver oper-
ating characteristic analysis in predicting tumor
response and survival after chemoradiation.

Interim assessment
Several keys studies have revealed a potential role
for FDG-PET/CT scans in identifying responders
early (ie, 14 days) during neoadjuvant chemo-
therapy, thereby sparing nonresponding patients
a toxic therapy without clinical benefit and allowing
them to be resected sooner.31,32 MUNICON II, a
prospective trial of 56 patients with EGJ adenocar-
cinoma showed that event-free and overall sur-
vival was significantly shorter in metabolic
nonresponders compared with metabolic re-
sponders, with a metabolic response defined as
a 35% or greater decrease in the SUV on
FDG-PET scanning 2 weeks into neoadjuvant
chemotherapy. Metabolic responders continued
neoadjuvant chemotherapy for up to 12 weeks,
and nonresponders received salvage radiochemo-
therapy before resection.33 In a study of 134 pa-
tients with squamous cell cancer by Li and
Downloaded for Anonymous User (n/a) at Duke Univers
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colleagues,34 where FDG-PET was performed
before and during neoadjuvant chemoradiation,
SUVmax was found to be an independent prog-
nostic factor for OS by Cox regression analysis,
complementary to length of tumor and TNM stage.
Other studies have shown similar results.35–37

In the ongoing phase II CALGB 8083 trial, pa-
tients with resectable esophageal and EGJ adeno-
carcinoma (n 5 257) had their chemotherapy
during neoadjuvant chemoradiation changed
based on a greater or less than 35% decrease in
SUV on FDG-PET scanning. Preliminary data indi-
cate that this led to improved pathologic complete
response rates in metabolic responders compared
with nonresponders.38
Preoperative Assessment

Preoperative chemoradiation is a category 1
recommendation for locally advanced squamous
cell carcinoma or adenocarcinoma of the thoracic
esophagus or EGJ by the National Comprehensive
Cancer Network (NCCN). FDG-PET/CT scanning
from the skull base to mid-thigh is recommended
in the NCCN guidelines for assessment after neo-
adjuvant or definitive chemoradiation in both
squamous cell carcinoma and adenocarcinoma,
in part to exclude the development of metastatic
disease.4 Many studies have shown that
decreased uptake of FDG is predictive of survival
in patients with locally advanced esophageal or
EGJ cancer who undergo neoadjuvant
treatment.39,40 However, the exact cutoff values
for absolute decrease and percent change in
SUV between pretreatment and post-treatment
scans varied widely between studies. In a report
by Cerfolio and colleagues, 41 a decrease in SUV
of more than 64% correlated with a complete
pathologic response. Smith and colleagues42

found that a decrease in SUV of more than 50%
conferred a 12-month disease-free survival advan-
tage over those patients who had a decrease in
SUV of less than 50% (93% vs 43%). Kukar and
colleagues,43 in a retrospective study of 77 pa-
tients with adenocarcinoma who underwent PET
scanning before and after neoadjuvant chemora-
diation, found that pretherapy SUV, and change
in SUV were significantly higher in patients who
achieved complete pathologic response. A
change in SUV of less than 45% was associated
with residual disease. Fig. 1 shows an EGJ adeno-
carcinoma with celiac nodal metastases that
responded to neoadjuvant chemoradiation and
correlated with a complete pathologic response.
In many of these studies, the PET response did
not correlate well with the pathologic response,
with microscopic disease still present in metabolic
ity from ClinicalKey.com by Elsevier on August 19, 2021. 
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responders. Accordingly, surgery is still recom-
mended even if a strong postneoadjuvant therapy
metabolic response is observed on PET.
Elevated FDG uptake in lymph nodes after neo-

adjuvant chemotherapy is highly specific (99%)
but not sensitive (12%) in identifying nodal metasta-
ses.44 As discussed elsewhere in this article,
textural features of PET data are an emerging
area of research45 and may be predictive of out-
comes in esophageal cancer. In a retrospective
study by Simoni and colleagues,46 54 patients
with adenocarcinoma and squamous cell carci-
noma underwent FDG-PET/CT scanning before
and after induction therapy, and then again after
neoadjuvant chemoradiation and surgery. In addi-
tion to MTV and TLG, 3 radiomic features extracted
from the pre-induction PET scan were correlated
significantly with a pathologic response.
Although other studies have indicated limited

usefulness of FDG-PET for the assessment of
response to neoadjuvant therapy in esophageal
cancer, many of these were likely confounded by
false-positive PET findings, with FDG-PET scan-
ning performed during or soon after preoperative
therapy.47,48 Radiation and chemoradiation may
cause local inflammation in the esophagus,
limiting the usefulness of FDG-PET scans in early
response assessment of esophageal cancer.
Accordingly, the NCCN guidelines recommend
that FDG-PET/CT scanning should be performed
Fig. 1. A 50-year-old man with invasive moderately differe
CT scan, fused images). Metastatic gastrohepatic and celia
after chemoradiation (bottom row) shows decrease in size
activity (physiologic range). Esophagogastrectomy reveale
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at least 5 to 8 weeks after the completion of neo-
adjuvant chemoradiation.4

Post-treatment Follow-up

For patients with esophageal cancer who recur
locoregionally and are treated with esophagec-
tomy and/or chemoradiation, a CT scan is recom-
mended as follow-up, but not an FDG-PET/CT
scan, unless distant disease is suspected. For sur-
veillance, a CT scan is recommended.4 Although
not recommended in the NCCN, FDG-PET/CT
scanning may still be useful in follow-up: a meta-
analysis by Goense and colleagues49 of 486 pa-
tients with esophageal cancer after treatment
with curative intent found FDG-PET/CT to detect
recurrence with a pooled sensitivity and specificity
of 96% and 78%, respectively.

GASTRIC CANCER
Initial Staging

Approximately 26,560 new cases of gastric can-
cer are estimated for 2021 in the United States,
with 11,180 deaths.2 The 5-year survival rate is
70% for localized tumors, 32% once spread
locoregionally, and 6% with distant metastases.2

Of gastric cancers, 95% are adenocarcinomas
and classified as either proximal (about the car-
dia) or distal, and either diffuse or intestinal in his-
tologic type. The diffuse type, typified by tumor
cells scattered within a fibrous stroma, is mostly
ntiated adenocarcinoma at the EGJ (top row: FDG-PET,
c nodes were also noted (not shown). FDG-PET/CT scan
of the primary mass and significant decrease in FDG

d no residual tumor at pathology.
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associated with low-risk areas and gene muta-
tions. Intestinal type is found in high-risk areas
and is associated with Helicobacter pylori infec-
tion, smoking, and dietary factors including heavy
alcohol intake. Tumors having an epicenter
located more than 2 cm into proximal stomach
are staged as gastric carcinomas, whereas those
involving the EGJ with the epicenter less than
2 cm into the proximal stomach are staged as
esophageal cancers.

Tumors in the lower two-thirds stomach are
treated with subtotal gastrectomy; otherwise, total
gastrectomy is recommended. For small, early
gastric cancer confined to the mucosa, endo-
scopic resection is appropriate. Once it has
invaded the submucosa (T1b), radical gastrec-
tomy and lymphadenectomy are required. Locally
advanced gastric cancer without distant metasta-
ses may be treated with surgical resection and
perioperative chemotherapy. Despite advances
in imaging and treatment, the 5-year survival is
25% to 30%, with EGJ (cardia) and diffuse-type
noncardia gastric cancer having the worst
prognosis.50

The current NCCN guidelines recommend CT
scans of the chest, abdomen, and pelvis with
oral and intravenous contrast as the primary mo-
dality for initial staging of gastric cancer, with
FDG-PET/CT scans used for confirmation if there
is no evidence of M1 disease.51 EUS examination
is used for assessing early stage disease, particu-
larly depth of tumor invasion and local nodal
involvement, although its accuracy is limited
(46% and 67%, for these respective parameters).
CT scanning is 43% to 83% accurate for T stag-
ing.51 In a retrospective study of 229 patients
with early stage gastric cancers by Yoon and as-
sociates,52 FDG uptake was detected in only
18% of patients and found to depend on location
(distal stomach with higher uptake), size, and
depth of invasion. Diffuse and mucinous tumor
types often demonstrate low FDG uptake, contrib-
uting to lower accuracy of FDG-PET scans
compared with CT scans.48,53 In a retrospective
review of 105 patients with gastric cancer who un-
derwent preoperative staging, 14% of tumors
were not metabolically active, and intestinal sub-
type correlated with s higher SUVmax than nonin-
testinal, and FDG-PET scanning upstaged 19%
of patients, with the majority a result of hitherto un-
known distant metastases.54

The SUVmax of FDG in the primary tumor was
found to be associated with the degree of differen-
tiation, with the signet ring histology often being
negative.55 This finding is likely secondary to a
decreased expression of GLUT1 in the signet
ring cell subtype.52 In a study of 341 patients
Downloaded for Anonymous User (n/a) at Duke Univers
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with gastric cancer, FDG uptake was greatest in
medullary and tubular subtypes, and lowest in sig-
net ring, although when high uptake by SUVmax

was observed in signet ring cell carcinoma, a
greater likelihood of regional and distant metasta-
tic disease was found.56 The PET scan detection
rates range from 40% to 90%, owing to this vari-
able histology.53,57,58 Accordingly, FDG-PET
scanning may not be appropriate as initial evalua-
tion for T1 disease.51 FDG-PET scanning is less
sensitive, but more specific compared with CT
scans for local nodal involvement, and FDG-PET/
CT scanning is more accurate in preoperative
staging (68%) than PET scanning (47%) or CT
scanning (53%) alone.59

When FDG avidity is observed, it is prognosti-
cally significant. In a large meta-analysis of 1,080
patients by Wu and coworkers,60 high pretreat-
ment SUV was prognostic, with hazard ratios of
1.7 for overall and recurrence-free survival. A
high SUVmax and high MTV correlated with a
higher risk of recurrence in advanced gastric can-
cer before curative surgery.61 In a large study of
566 patients with gastric cancer by Song,62 a
nomogram was developed and found that tumor
SUVmax and nodal SUVmax on preoperative PET/
CT scans were independent predictors for lymph
node metastases, with a further improvement in
prediction found when albumin and carbohydrate
antigen 19-9 were also used. In a study of 168 pa-
tients, Kwon and colleagues63 found that FDG
avidity of lymph nodes (defined as focal uptake
on visual inspection and by MTV) was an indepen-
dent predictor of recurrence-free survival,
although avidity of the primary tumor was not—
possibly reflecting confounding heterogeneous
histology and background gastric wall uptake.

A pitfall of FDG-PET interpretation is inflamma-
tory gastric activity, which can be focal as well
as diffuse. Indeed, 1 study of 88 patients, per-
formed in a Japanese PET/CT cancer screening
program, found FDG uptake useful in predicting
H pylori infection and subsequent atrophic
gastritis (a risk factor for cancer). Uptake was
higher in the gastric fundus than other areas of
the stomach, but not significantly correlated with
pathology.64 Interestingly, of the 4 early gastric
cancers detected, none had increased FDG up-
take. Less common false positives include IgG4-
related disease65 and myofibroblastic sarcoma of
the gastric cardia.66
Subsequent Treatment Strategy

In patients who cannot undergo surgery and
receive primary chemotherapy or radiation, post-
treatment assessment is usually performed with
ity from ClinicalKey.com by Elsevier on August 19, 2021. 
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CT scans, although FDG-PET/CT scanning is
recommended in patients who have renal insuffi-
ciency or are allergic to iodinated contrast. FDG-
PET/CT scanning may be used in follow-up for
pathologic stage II to III disease or stage I to III dis-
ease after neoadjuvant or adjuvant therapy,
although CT scanning every 6 to 12 months for
the first 2 years, then every year for 5 years, is
standard practice at many institutions.51 EUS ex-
amination performed better than PET/CT scanning
in gastric cancer restaging (89% vs 69%accuracy)
before resection in a group of patients, 80 of whom
then had neoadjuvant chemotherapy and 100 who
proceeded directly to surgery.67

FDG-PET/CT scanning likely has value in the
assessment of response after perioperative chemo-
therapy or preoperative chemoradiation (which is
used in cT2 or higher, any N,M0 disease). In a study
of 21 patients, the percent change in the SUV was
the best-performing PET parameter after neoadju-
vant therapy in distal esophageal and gastric ade-
nocarcinomas; however, the pathologic response
by histologic grading was still found to be a better
predictor of survival than FDG uptake.68 In a retro-
spective study by Schneider and colleagues69 of 72
patients with gastric cancer or EGJ or gastric cardia
(Siewert II or III) cancers, patients were enrolled
who underwent FDG-PET before, and 14 days after
the first of 3 cycles of neoadjuvant chemotherapy.
Metabolic response was defined as a 35% or
greater decrease in the SUVmax. The presence of
a metabolic response did not correlate with patho-
logic response (ie, one-half had a major and one-
half had minor pathologic regression), whereas in
metabolic nonresponders, 90% had minor and
10% had major regression.
These results suggest that FDG-PET scans may

identify patients who should immediately go to
surgery or receive multimodality therapy.69 In a
prospective study of 20 patients with gastric can-
cer by Won and colleagues,70 the authors demon-
strated that a response similar to metabolic
responders could be recovered in metabolic non-
responders if chemotherapy were switched after
the postcycle 1 PET scan showing no metabolic
response. Upon tumor recurrence, high FDG up-
take by SUVmax on PET/CT scanning was found
to correlate with worse 3-year postrecurrence sur-
vival in work by Kim and colleagues.71
HEPATOCELLULAR CARCINOMA

Hepatocellular carcinoma (HCC) is the sixth most
common cancer in the world, with 42,220 new
cases and 30,200 deaths in the United States in
2018.72,73 The diagnosis of HCC is made when
certain CT scan or MR imaging features (Liver
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Reporting & Data System 5) are encountered in
high-risk patients (eg, cirrhosis, chronic hepatitis
B, or prior HCC). For equivocal findings (Liver
Reporting & Data System 2–4), a biopsy or addi-
tional imaging may be used.
FDG-PET/CT scanning is not recommended for

routine initial imaging owing to its limited sensi-
tivity, which likely results from lower tumor
GLUT1 expression and a high concentration of
glucose-6-phosphatase in normal liver, leading to
rapid clearance of FDG and decreased contrast
between normal parenchyma and well-
differentiated HCC.74 In a prospective study by
Park and colleagues75 of 99 patients with HCC,
sensitivity for detection of HCC was only 61%,
although it increased with tumor size andmultiplic-
ity and poorly differentiated histology, and the
overall survival rate was lower in FDG-positive pa-
tients. FDG positivity in HCC has been reported
between 38% and 70% with an overall sensitivity
of 60%.76

FDG-PET scanning does have high specificity in
HCC, and may be used to evaluate an equivocal
imaging finding. An HCC detected by CT scan-
ning/MR imaging with high FDG uptake by SUV
likely is more biologically aggressive and less likely
to respond to locoregional therapies.77 A meta-
analysis of 1,721 patients showed that FDG-PET/
CT scanning may be useful in predicting overall
and disease-free survival rates, but is of low sensi-
tivity for HCC detection.78

FDG-PET has high sensitivity for detection of
extrahepatic metastases, approaching 100%,79

and detects recurrences earlier than conventional
imaging.80,81 In a small study of 34 patients with
HCC who underwent FDG-PET/CT scanning
before Y-90 radioembolization, FDG avidity in
HCC was associated with a shorter time to pro-
gression within treated lesions and within more
distant lesions in the liver, as well as a shorter
progression-free survival rate after Y-90
radioembolization.82

An emerging role for FDG-PET/CT scanning in
HCC is the workup for liver transplantation,83

which is the ideal therapy for HCC because it
can remove both the HCC and the underlying
tumor-generating cirrhosis. The selection of pa-
tients with HCC for liver transplant has traditionally
been performed by the Milan criteria, which
require (1) 1 lesion smaller than 5 cm or up to 3 le-
sions smaller than 3 cm, (2) no extrahepatic dis-
ease, and (3) no vascular invasion. However, the
Milan criteria are restrictive and do not include
other factors that reflect tumor biology.
Although HCC vascular invasion is a major

determinant of post-liver transplant outcomes, its
detection requires invasive tissue sampling, which
 ClinicalKey.com by Elsevier on August 19, 2021. 
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carries a higher risk in these patients. Several
studies have shown that tumor differentiation inde-
pendently predicts recurrence and survival after
transplantation. FDG uptake is a sensitive and
specific indicator for poorly differentiated tumors
and has been found to be predictive of vascular in-
vasion in HCC.84,85

A large Japanese multicenter study of 182 liver
transplant recipients found that those patients
who did not conform to the Milan criteria recurred
at a much higher rate at 5 years relative to those
who were within Milan criteria (38% vs 7%,
respectively); however, there was a subgroup of
patients outside of Milan criteria with a negative
PET/CT scan and low alpha fetoprotein who did
just as well as recipients who were within the Milan
criteria. Many studies have shown FDG negativity
in HCC before transplantation to be strongly pre-
dictive of high disease-free survival rates.86–89

Consequently, there has been recent development
of expanded liver transplant criteria that incorpo-
rate FDG-PET metabolic information, for example,
the National Cancer Center Korea criteria.90 FDG-
PET/CT scanning is not routinely recommended
for post-treatment assessment in HCC.91
BILIARY TRACT CANCERS
Gallbladder Cancer

Gallbladder cancer is a rare cancer, with approxi-
mately 9700 cases per year in the United States.
The 5-year survival rate is 50% for stage 1 disease,
and less than 10% for stage III and above.92 It
grows rapidly, invading the liver and spreading to
lymph nodes, hematogenously, and intraperitone-
ally, and is often detected at a late stage. Com-
plete resection is possible for early disease (T1–
2, N0), and distant metastasis and N2 disease
are contraindications to surgery. Management in-
cludes cholecystectomy with partial hepatectomy,
chemotherapy, radiation therapy, and endoscopic
stenting.92

FDG-PET/CT imaging of gallbladder cancer is
not commonly performed, with ultrasound exami-
nation, CT scanning, and MR imaging being the
mainstays for evaluation. A meta-analysis exam-
ining the diagnostic accuracy of FDG-PET/CT
scanning for gallbladder cancer reported sensi-
tivity of 87% (95% confidence interval, 82%–
92%) and specificity of 78% (95% confidence in-
terval, 68%–86%), with an area under the curve
of 0.88. Recent retrospective studies indicate
that FDG-PET scanning may be useful for detect-
ing regional nodal or distant metastatic disease,
which is occult on CT scanning in patients who
would otherwise be resectable.93–96 Leung and
colleagues97 studied 100 patients with 63
Downloaded for Anonymous User (n/a) at Duke Univers
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gallbladder cancers and found the sensitivity and
specificity of FDG-PET scanning to be 56% and
94%, respectively. FDG-PET scanning found ma-
lignancy not seen on CT scanning in 3 patients,
and confirmed benignity in 2 patients with suspi-
cious CT findings. The impact was greater in pa-
tients without prior cholecystectomy and when
evaluating findings suspicious for nodal disease
on CT scanning.97 Gallbladder inflammation and
infection are potential false positives.98,99
Cholangiocarcinoma

Cholangiocarcinoma is the second most common
primary hepatic cancer; most tumors arise at the
liver hilum (Klatskin tumor), and the others arise
in the distal common bile duct or intrahepatic
ducts of the liver (intrahepatic cholangiocarci-
noma). The 5-year survival rate for resectable dis-
ease ranges from 22% to 44%. Survival is related
to size and number of tumors, lymph node metas-
tasis, and invasion of the vasculature. Peritoneal
spread is present in 10% to 20%of patients at pre-
sentation and precludes surgical resection.100

Lee and associates retrospectively reviewed the
diagnostic and prognostic role of FDG-PET/CT
scans in 76 patients with intrahepatic cholangio-
carcinoma. FDG-PET/CT scanning was more sen-
sitive for detecting nodal metastasis than CT
scanning or MR imaging (74.5% vs 61.8%) and
identified distant metastases occult on other mo-
dalities in 6 patients. Higher measures of FDG up-
take (SUVmax, MTV, TLG) were correlated with
significantly reduced survival.101 Other retrospec-
tive studies indicate that PET scans may be useful
for detecting regional nodal or distant metastatic
disease, which is occult on CT scans, in patients
who would have otherwise resectable dis-
ease.93–95,102,103 FDG uptake on preoperative
PET scan by MTV is associated with K-ras
mutation.104

Extrahepatic cholangiocarcinoma includes
common bile duct cancer and Klatskin tumor,
and carries a high mortality. Surgical resection
and lymph node dissection can confer long-term
survival; however, this is only possible with accu-
rate staging. FDG-PET/CT scanning is not
routinely recommended for evaluation; however,
recent reviews have demonstrated diagnostic
and prognostic usefulness. In a retrospective re-
view of 234 patients with extrahepatic cholangio-
carcinoma by Kim and coworkers, FDG-PET/CT
scanning was compared with contrast-enhanced
CT scanning and MR imaging. FDG-PET/CT scan-
ning was performed to characterize indeterminate
primary tumor lesions or findings equivocal for
nodal and distant metastases on other imaging.
ity from ClinicalKey.com by Elsevier on August 19, 2021. 
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The PET sensitivity for detection of primary tumor
was inferior to CT scanning or MR imaging
(78.6% vs 95.0%–97.0%), as it was for detection
of nodal metastasis (44% vs 75%–78%). By multi-
variate analysis, the SUVmax of the primary tumor
and metastatic disease was associated with
poorer overall survival (hazard ratios of 1.75 and
8.1, respectively). When focusing on the periductal
infiltrating subtype of extrahepatic cholangiocarci-
noma, an SUVmax of greater than 5 in the primary
tumor was associated with an increased risk of
nodal and distant metastasis (odds ratios of 1.6
and 101, respectively) and a hazard ratio of 1.8
of poor overall survival.105
PANCREATIC CANCER
Initial Staging

Pancreatic ductal adenocarcinoma (PDAC) is the
second most common GI cancer after colorectal
cancer in the United States, with approximately
60,430 new diagnoses and 48,220 deaths ex-
pected in 2021.2 It has remained one of the most
lethal cancers in the world, with a dismal 5-year
survival of 5%, primarily owing to advanced stage
at presentation. The standard of care for resect-
able tumors is surgery followed by adjuvant
chemotherapy; however, less than 20% are
resectable at diagnosis. Selected patients at risk
for positive margins will now undergo neoadjuvant
therapy, which may downstage tumors so that
they may be resected. In stage 1 disease, the tu-
mor is confined to the pancreas; in stage 2, the tu-
mor extends outside the pancreas but without
vascular involvement; in stage 3 disease, there is
vascular involvement; and in stage 4, there is
distant metastatic disease.106

Multidetector, contrast-enhanced pancreas
protocol CT scanning is the preferred initial imag-
ing modality for PDAC. Typically, arterial and
parenchymal phase images are acquired with
thin slices and multiplanar reconstruction to define
vascular anatomy that is critical for surgical plan-
ning. However, FDG-PET/CT scanning should be
considered in high-risk patients to detect metasta-
tic disease outside the pancreas. High-risk indica-
tors include borderline resectable disease, marked
elevation of carbohydrate antigen 19-9, large pri-
mary tumors, large regional lymph nodes, and se-
vere clinical symptoms.107

At diagnosis, FDG-PET scanning can distin-
guish between benign and malignant pancreatic
lesions, especially when combined with EUS ex-
amination, although inflammatory disease is a
source of false positives.108 A prospective study
by Buchs and colleagues109 of 45 patients showed
96% sensitivity but 67% specificity for detection
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with contrast-enhanced PET/contrast-enhanced
CT scanning , which decreased to 72% and 33%
when PET/CT scanning was performed without
intravenous contrast. Fig. 2 shows an example of
a small ampullary adenocarcinoma on FDG-PET/
CT scanning and the importance of contrast
enhancement. In a prospective study of 108
PDAC patient PET scans, the accuracy rate was
80% for local invasion, 94% for distant metastasis,
and 42% for lymph node spread.110

The benefit of FDG-PET/CT scanning in upstag-
ing patients with PDAC has been shown in 1 study
as an increased detection rate of metastatic dis-
ease with PET/CT scanning compared with CT
scanning and PET scanning alone, with a sensi-
tivity of 87% for PET/CT scanning and a change
in clinical management of 11%.111 However, the
role of FDG-PET/CT scanning in this setting is still
evolving. In a 2014 meta-analysis by Rijkers and
colleagues112 of 35 studies, PET/CT scanning
yielded 90% sensitivity, 76% specificity, 89% pos-
itive predictive value, 78% negative predictive
value, and 86% accuracy. FDG-PET scanning
could differentiate between PDAC and chronic
pancreatitis with 90% and 84% sensitivity and
specificity, respectively.112 In another large meta-
analysis by Wang and associates,113 pooled
sensitivity and specificity of FDG-PET scanning
were 91% and 81% for the primary tumor, 64%
and 81% for nodal metastases, and 67% and
96% for liver metastases, respectively. A higher
SUV was associated with lower overall survival
(hazard ratio, 2.4). In a study of 105 patients with
early stage (I–II) PDAC by Pimiento and col-
leagues,114 FDG uptake before surgical resection
when stratified into high or low based on the me-
dian SUVmax correlated with pathologic stage,
overall survival, and recurrence-free survival.
Although conventional PET parameters such as

SUVmax, MTV, and TLG show usefulness, given the
unchanged poor survival of PDAC over the last
2 decades, new tools are needed. PET-based
radiomic biomarkers may improve patient risk
stratification, by better representing tumor biology
and cellular heterogeneity, and revealing prog-
nostic textural features in the images. Toyama
and colleagues retrospectively reviewed pretreat-
ment FDG-PET/CT scanning in 161 patients with
PDAC and extracted 42 PET radiomic features us-
ing freely available software.115,116 Of 10 PET fea-
tures found to be predictive of overall survival in
univariate Cox regression analysis, only gray-
level zone length matrix gray-level nonuniformity,
a marker of lesion heterogeneity, was a significant
predictor by multivariate analysis. Applying a
random forest machine learning approach to these
features, gray-level zone length matrix gray-level
 ClinicalKey.com by Elsevier on August 19, 2021. 
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Fig. 2. Initial staging of a 58-year-old man with a pancreatic head mass. FDG-PET/contrast-enhanced CT scan
shows 2 small foci of hypermetabolic activity (red arrows) suspicious for malignancy with adjacent nonavid
cystic/necrotic component. Patient underwent Whipple procedure with pathology revealing poorly differenti-
ated adenocarcinoma at the ampulla. Note the importance of oral and intravenous contrast for defining this
lesion.
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nonuniformity and TLG were able to stratify pa-
tients into 3 groups according to prognosis.116

Subsequent Treatment Strategy

FDG-PET/CT scanning is not routinely recommen-
ded in the post-treatment assessment of PDAC
and its potential clinical benefit in post-therapy
assessment is being investigated. Korn and col-
leagues prospectively studied 52 patients with
metastatic PDAC who underwent PET scanning
at baseline, 6 weeks, and 12 weeks after chemo-
therapy. Patients with a complete metabolic
response lived significantly longer than those
with a partial metabolic response.117

In the neoadjuvant setting, FDG-PET response
by PET Response Criteria in Solid Tumors (PER-
CIST) after preoperative chemotherapy correlated
with pathologic response better than RECIST in a
study of 42 patients with PDAC. A decrease in
MTV of less than 50% independently predicted
relapse-free survival (hazard ratio, 3.9) and overall
survival (hazard ratio, 14).118 Wang and co-
workers119 retrospectively reviewed 32 patients
who underwent FDG-PET/CT scanning within
6 months after resection, and found that patients
with PET-positive findings in locoregional nodes
and distant sites had a significantly worse overall
survival.

COLON CANCER

It is estimated that 104,270 people in the United
States will be diagnosed with colon cancer in
2021, with 52,980 deaths.2 The incidence and
mortality of colon cancer has been declining over
the past several years, indicating the effectiveness
of screening.
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Initial Staging

Adenocarcinoma of the colon typically has high
metabolic activity on FDG-PET scans. Tumors
with mucinous features, however, may not have
significant FDG uptake (Fig. 3). Owing to the vari-
able and potentially high physiologic FDG activity
within the bowel, small primary tumors may be
difficult to identify on FDG-PET/CT scans. Oral
contrast can be helpful in characterizing these le-
sions. The NCCN guidelines do not recommend
FDG-PET/CT scanning as a first-line modality for
staging colon cancer.120 T staging is determined
by the tumor penetration into the muscularis mu-
cosa, muscularis propria, and adjacent surround-
ing tissues. This is best established with a CT
scan, and FDG-PET scanning does not contribute
to this assessment. N staging is related to the
number of metastatic nodes, primarily determined
by CT scan or MR imaging. The sensitivity and
specificity of nodal assessment is highly depen-
dent on the threshold size used in the evaluation.
In a study by Rollven and colleagues,121 a size
threshold of 1 cm resulted in high specificity
(90%) but low sensitivity (28%) for detecting met-
astatic nodes. Alternatively, using a threshold of
0.5 cm resulted in high sensitivity (90%) but low
specificity (31%). CT morphologic features such
as short/long axis ratio, enhancement, heteroge-
neity, border features, and clustering of nodes
have also been found to be important in deter-
mining if nodes are metastatic.122 The additional
information from FDG-PET scanning does not
improve the accuracy of nodal assessment over
a CT scan alone for colorectal cancer.123 This is
likely because both CT and FDG-PET scans have
a low sensitivity for small nodes.
ity from ClinicalKey.com by Elsevier on August 19, 2021. 
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Fig. 3. Moderately differentiated
mucinous adenocarcinoma in the
transverse colon (green arrow).
Although intensely hypermetabolic
on FDG-PET, low-density regions of
the primary tumor have low FDG up-
take, in keeping with mucinous histol-
ogy. The tumor invaded the visceral
peritoneum and contained one tumor
deposit on pathology. The adjacent
subcentimeter round node (yellow ar-
row) was not FDG-avid and 0/26 nodes
were involved at surgery.
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Although FDG-PET/CT scanning may not
contribute routinely to T and N staging for colo-
rectal cancer, it can provide added sensitivity for
detecting distant metastatic disease in patients
with advanced or high-risk tumors.124 FDG-PET/
CT scanning may be useful for clarifying equivocal
findings on CT scans or MR imaging (eg, lung nod-
ules, liver lesions) and can provide added assur-
ance that no unsuspected metastatic disease is
present before surgery. Although CT scanning re-
mains the modality of choice for primary staging of
colon cancer, the selective use of FDG-PET/CT
scanning can change patient management in
30% of cases.124 Given the potential impact that
FDG-PET/CT scanning can have on patients with
colon cancer and with the current advances in
PET/CT technology, it has recently been sug-
gested that additional applications be reconsid-
ered in future guidelines.125

Response to Therapy

Several studies have indicated that FDG-PET/CT
scanning obtained early in the course of chemo-
therapy may be useful for predicting response to
treatment.126,127 A review by de Geus-Oei and col-
leagues128 summarized the findings of several
small studies that showed promise for early
response assessment. However, the response
criteria and timing of the scans in these studies
were heterogeneous, and no standardized early
response algorithm has been tested in a large clin-
ical study. More research is needed in this area
before it can be applied in routine clinical practice.
After liver ablation procedures, FDG-PET/CT

scanning can be used to accurately detect resid-
ual disease soon after treatment, allowing retreat-
ment as needed.128,129 Neither contrast-enhanced
CT scanning nor MR imaging are effective in iden-
tifying residual tumor in this scenario.

Evaluation for Recurrence

Although FDG-PET/CT scanning is the most sen-
sitive imaging modality to detect recurrent colon
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cancer, it is not currently recommended as the
primary modality. The current NCCN guidelines
recommend follow-up with serum carcinoem-
bryonic antigen, colonoscopy, and contrast-
enhanced CT scan.120 If disease is suspected
by carcinoembryonic antigen, FDG-PET/CT scan-
ning can be used to follow-up if the CT scan is
negative. FDG-PET/CT scanning can also be
used in the event of metastatic disease, to deter-
mine resectability. Monteil and colleagues130 ran-
domized 376 patients with colorectal cancer to
FDG-PET/CT scanning every 6 months versus
conventional surveillance for 36 months after
curative surgery. Patients followed by FDG-PET/
CT scanning had earlier detection and treatment
of recurrent disease, but there was no difference
in overall survival between the 2 groups, and
follow-up by FDG-PET/CT scanning was more
expensive.130
RECTAL AND ANAL CANCERS
Initial Staging

Although often grouped together, rectal and anal
cancers are substantially different in terms of his-
tology, staging, and patterns of nodal spread
(Table 1). Anatomically, the rectum and anus
are separated by the dentate line, which is not
visible on a CT scan. Rectal staging is based
on depth of invasion and number of nodes,
similar to colon cancer. MR imaging is the
preferred imaging modality for initially staging
rectal cancer, and FDG-PET/CT scanning is not
usually indicated.131,132

In contrast, anal cancer staging is based on size
and the location of metastatic nodes, and FDG-
PET/CT scanning can be helpful in newly diag-
nosed patients.133 One of the most important dis-
tinguishing features is that, unlike rectal cancer,
anal cancer spreads regionally to the inguinal
and femoral nodes. It is particularly important to
recognize this distinction when evaluating patients
with anal cancer by FDG-PET/CT scanning,
because the presence of metastatic inguinal
 ClinicalKey.com by Elsevier on August 19, 2021. 
pyright ©2021. Elsevier Inc. All rights reserved.



Table 1
Differences in TNM staging between rectal and anal cancer, based on the American Joint Commission
on Cancer Staging, 8th edition

Rectal Cancer Anal Cancer

Typical histology Adenocarcinoma Squamous cell carcinoma

T staging Depth of invasion Size of tumor

N staging Number of nodes
Presence of tumor
deposits

Location of nodes

Regional nodes Rectal (superior, middle, inferior); Inferior
mesenteric; internal iliac; mesorectal;
presacral, lateral sacral, sacral promontory

Mesorectal; internal iliac;
external iliac; inguinal

M staging Distant metastases
With or without peritoneal carcinomatosis

Distant metastases

Data from Pedersen CK, Babu AS. Understanding the Lymphatics: Review of the N Category in the Updated TNM Staging
of Cancers of the Digestive System. AJR Am J Roentgenol. Jul 2020;215(1):58-68.
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nodes substantially alters treatment (radiation
treatment planning). Metastatic inguinal nodes
are considered regional for anal cancer, but
considered distant metastases for rectal cancer.
The evaluation of inguinal nodes by FDG-PET/CT
can be challenging, because this site is often
involved by inflammatory/reactive pathology. In
addition, HIV-positive patients are at higher risk
for anal cancer and can have nonspecific metabol-
ically active adenopathy. Patients with anal cancer
with inguinal nodemetastases have amuch poorer
prognosis. Because both size and FDG activity
can be nonspecific in inguinal nodes, additional
considerations (asymmetry with contralateral
nodes, roundness, CT morphology, enhancement,
and border characteristics) are often helpful for
assessing these nodes. An example of a patient
being staged for anal cancer is shown in Fig. 4.
In this case, a left inguinal node with moderate
FDG activity raises concern for inguinal metas-
tasis, and should be included in the radiation
Downloaded for Anonymous User (n/a) at Duke Univers
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treatment plan unless biopsied and proven to be
benign.

Evaluation for Recurrence

For patients suspected of having recurrent rectal
cancer (increasing carcinoembryonic antigen),
further evaluation includes a physical examination,
colonoscopy, and CT scanning. FDG-PET/CT
scanning, especially with a contrast-enhanced
CT scan, is the most sensitive imaging test for
detecting recurrent disease and may be per-
formed initially or as a follow-up to a negative CT
scan.131 In patients with knownmetastatic disease
and/or liver lesions, the additional information from
FDG-PET/CT scanning can help to determine sur-
gical options.

In patients with anal cancer, follow-up is based
on physical examination, anoscopy, and CT scan-
ning or MR imaging.133 FDG-PET/CT scanning
does not play a role, although it may be supportive
in assessing metastatic disease.
Fig. 4. Importance of inguinal nodes
in staging anal cancer. Moderately
differentiated invasive squamous cell
carcinoma of the anus (yellow arrow).
Left inguinal node has benign fea-
tures on CT scan but moderate FDG
activity on PET (green arrow). If meta-
static, this would reflect N1 disease
and would change the radiation ther-
apy treatment plan. Biopsy was nega-
tive for metastasis.

ity from ClinicalKey.com by Elsevier on August 19, 2021. 
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SUMMARY

GI malignancies affect a broad range of disease
sites, each with different treatment and manage-
ment issues. The role of FDG-PET/CT scanning
varies significantly by disease site, and it is impor-
tant for the interpreting physician to appreciate
these differences. In many cases, FDG-PET/CT
scanning is not the primary imaging modality for
evaluating patients with GI cancers, but when
used strategically and in combination with other
clinical modalities, FDG-PET/CT can have a sub-
stantial impact on patient care.
CLINICS CARE POINTS
� GI malignancies are a diverse group of dis-
eases, and the contributions of FDG-PET/CT
for diagnosing and guiding therapy vary
widely among the different disease sites.

� The combination of FDG-PET and CTwith oral
and intravenous contrast can be particularly
valuable for evaluating GI tumors.

� For many GI malignancies, combined FDG-
PET/CT is a sensitive imaging modality for de-
tecting recurrent disease.
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