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We evaluated the prognostic accuracy of established PET response
criteria in patients with liver metastases from pancreatic cancer after
treatment with °0Y microspheres. Methods: Seventeen patients
underwent 8F-FDG PET/CT before and 3 mo after radioembo-
lization for liver metastases from pancreatic cancer. Overall survival,
progression-free survival, and time to intrahepatic progression were
among other factors correlated with metabolic response as revealed
by PERCIST 1.0-defined declining SUVeax and total-lesion glycoly-
sis. Results: Metabolic response by change in SUVea (7/17) and
change in total-lesion glycolysis (7/17) was a predictor for overall
survival (P = 0.039; hazard ratio [HR], 0.24; 95% confidence interval
[Cl], 0.06-0.93), progression-free survival (P = 0.016; HR, 0.15; 95%
Cl, 0.03-0.69), and time to intrahepatic progression (P = 0.010; HR,
0.16; 95% CI, 0.04-0.65). A summed baseline CT diameter of less
than 8 cm for the 2 largest liver metastases predicted time to intra-
hepatic progression (P = 0.013; HR, 0.21; 95% ClI, 0.06-0.72) but did
not predict overall or progression-free survival. Patient outcome was
not predicted by other parameters, including baseline SUVcq, base-
line total-lesion glycolysis, or change in serum level of carcinoem-
bryonic antigen or carbohydrate antigen 19-9 from baseline to follow-
up (each, P > 0.05). Conclusion: Metabolic response by '8F-FDG
PET/CT predicts overall survival, progression-free survival, and time
to intrahepatic progression after radioembolization for liver metasta-
ses from pancreatic cancer.
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Pancreatic cancer remains one of the most aggressive types of
solid tumors, notorious for rapidly leading to death once metasta-
sized (I). Despite the advent of new chemotherapeutic regimens
such as FOLFIRINOX (oxaliplatin, irinotecan, and fluorouracil) or
gemcitabine/nab-paclitaxel for metastatic disease, median progression-
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free survival (PFS) remains less than 6 mo, and overall survival
(OS) is still less than a year (2,3). Liver represents the dominant
metastatic site of pancreatic cancer; radioembolization using
90Y microspheres has emerged as a new treatment option in patients
with unresectable liver disease, although experience with this ap-
proach is quite limited to date (4). In our recent analysis of radio-
embolization in 19 patients with liver metastases from pancreatic
cancer, we reported encouraging local response rates and manage-
able toxicities (5). However, the patients in this preliminary study
had shown considerable variation in PFS after radioembolization,
which ranged from only 1 mo to more than 1 y, indicating a need for
prediction of treatment response. Given the manifold options for
local or systemic treatment of metastatic pancreatic cancer, it is
crucial to identify those patients at high risk for tumor progression
in order to optimally adapt their consequent treatment. In several
studies of liver metastases from sources other than the pancreas,
changes in tumor glycolytic rate by PET with the glucose analog
I8F-FDG proved to be predictive of response to radioembolization
(6-10). Indeed, '8F-FDG PET provided accuracy superior to CT in
monitoring response and predicting survival in various solid tumors
(11,12). In particular, quantitation of '8F-FDG uptake using SUV
has become routine for determining tumor response to therapy.
Thus, a high pretreatment SUV ., has been associated with a short
PES, and a decrease in SUV .« between baseline and follow-up was
a predictor for PES and OS after concurrent chemoradiotherapy in
patients with locally advanced and metastatic pancreatic cancer
(13,14).

The present study aimed to investigate in more detail the role
of SUV-based parameters derived from '8F-FDG PET with
regard to prediction of response and survival after radioembo-
lization in patients with liver metastases from pancreatic can-
cer. Evaluations were performed according to PERCIST 1.0
(15). We hypothesized that a significant decrease in glucose
metabolism after radioembolization is associated with longer
survival.

MATERIALS AND METHODS

Patients

Between May 2004 and January 2015, 17 consecutive patients un-
derwent radioembolization for liver metastases from pancreatic cancer
with baseline and follow-up '8F-FDG PET/CT in the Department of
Nuclear Medicine of Ludwig-Maximilians-University Munich. The
inclusion criteria for radioembolization were similar to those reported
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in our previous studies (8,/6): an age of at least 18 y; unresectable,
progressive liver metastases from pancreatic cancer refractory to sys-
temic therapy; no evidence of a second malignancy of a different
origin at the time of radioembolization; preserved liver function (de-
fined by serum total bilirubin = 2.0 mg/dL); a Karnofsky index of at
least 60% (17); an estimated preradioembolization life expectancy of
at least 3 mo; and fitness to undergo preradioembolization examina-
tions (angiography, scintigraphy, and '8F-FDG PET/CT). Patients with
limited extrahepatic metastases were admitted to radioembolization if
the hepatic metastases were deemed to be predominant and presum-
ably life-limiting. Exclusion criteria were liver failure (defined by
bilirubin > 2.0 mg/dL or by the presence of ascites); uncorrectable
blood flow from the hepatic artery to gastrointestinal organs, as ob-
served on preradioembolization examinations; a pulmonary shunt of
more than 20%, as measured with preradioembolization *°™Tc-labeled
macroaggregated albumin scintigraphy; or complete portal venous
occlusion (/8,19). Thirteen of the 17 patients were included in our
previous study on the efficacy and safety of radioembolization in liver
metastases from pancreatic cancer (5). All patients gave written con-
sent to undergo radioembolization. The ethical committee of Ludwig-
Maximilians-University Munich approved this retrospective study, and
the requirement to obtain informed consent for inclusion in the present
analysis was waived.

Radioembolization

SIR-Spheres (Sirtex Medical) are resin microspheres contain-
ing °°Y, a B-emitting radionuclide with a 64.2-h half-life. Thir-
teen patients received radioembolization of the whole-liver in a
single session, and 4 patients were treated with lobar radioembo-
lization in 2 separate sessions 4 wk apart. Microspheres were
applied directly into the right and left hepatic arteries. The ad-
ministered °°Y activity was calculated in 14 patients on the basis
of percentage involvement of liver volume and body surface area
as follows:

Activity = (body surface area — 0.2)
+ (liver involvement(%)/100).

In the first 3 cases, activity was determined by an empiric algorithm:
2.0 GBq for less than 25% involvement of the liver or 2.5 GBq for more
than 25% involvement.

PET/CT Imaging

Whole-body '8F-FDG PET/CT images were acquired using a
Biograph 64 TruePoint PET/CT scanner (n = 28 [82%]; Siemens
Medical Solutions) or a Gemini scanner (n = 6 [18%]; Philips). In
none of the patients were the baseline and follow-up examinations
performed on different PET instruments. The patients fasted at
least 6 h to achieve a blood glucose level of no more than 150
mg/dL at the time of '8F-FDG injection. Emission scans were
initiated 60 min after almost simultaneous intravenous administra-
tion of 20 mg of furosemide, 10 mg of butylscopolamine, and 300
MBq of '8F-FDG. Diagnostic CT scans of the neck, thorax, abdo-
men, and pelvis (100190 mAs, depending on the scanned organ
region; 120 kV) were acquired after intravenous injection of an
iodine-containing contrast agent (Ultravist 300 [Schering] or
Imeron 300 [Bracco], 2.5 mL/s) at a dose adjusted to body weight.
Initiation of the CT acquisition was delayed 50 s after injection of
the contrast agent to depict the portal venous phase. Studies based
on standard phantom NU 2-2001 of the National Electrical Manu-
facturers Association were conducted on the two instruments, and
SUV conversion factors were calculated to allow valid pooling of
the results (7,20).

356

Response Assessment

All patients underwent '8F-FDG PET/CT and tumor marker testing
before and 3 mo after radioembolization. Metabolic response was deter-
mined separately for changes in SUV .4 or total-lesion glycolysis (TLG)
in accordance with PERCIST (/5). In a slight modification of the
PERCIST standard, we adjusted SUV (g/cm?) to body weight rather than
to body surface area. This difference is unlikely to present a significant
confounder because percentage SUV difference from baseline to follow-
up was the primary readout for treatment response. TLG was calculated as
grams. SUV ., was measured in the single liver lesion with the highest
uptake on baseline and follow-up PET. In view of the high average tumor
burden of the liver, up to 5 liver lesions with the highest uptake were
identified for TLG measurement at baseline and follow-up PET. Metabolic
tumor volume was delineated on the basis of an SUV exceeding the mean
SUV of healthy liver by at least 3 SDs. This approach is in accordance
with PERCIST as defined on page 143S of a review by Wahl et al. (15).
Mean healthy-liver SUV was defined as SUVyeq, in @ 15 cm? spheric
volume of interest positioned in a nondiseased area of the right hepatic
lobe. The sum of the product (SUV ., X metabolic tumor volume) from
each of the 5 lesions was calculated as TLGs. Progressive disease (PD)
was defined as an increase in either baseline PET parameter by more than
30% between baseline and follow-up or by the appearance of a new '8F-
FDG-avid lesion. Partial response (PR) was defined as any decrease of
more than 30% in either baseline PET parameter. Complete response (CR)
was defined as complete resolution of abnormal '8F-FDG uptake within
measurable target lesions, such that uptake equaled or fell below mean
healthy-liver activity on the follow-up examination. Stable disease was
defined as non-PD, non-PR, and non-CR. The summation of the largest
diameters of the 2 largest lesions (LD,, in cm) was measured on the
baseline CT image in accordance with RECIST 1.1 (21). PET/CT mea-
surements using image fusion software (Hybrid Viewer; Hermes Medical
Solutions) were performed by one interpreter with more than 5 y of
experience in clinical and scientific interpretation of 'F-FDG PET/CT
scans for tumor staging. Any decrease in carbohydrate antigen 19-9
(CA19-9) or carcinoembryonic antigen (CEA) serum level between base-
line and follow-up was taken as a tumor marker response.

Outcome Assessment

The primary endpoint was OS, which was defined as the interval
between the date of radioembolization and the last date of contact (as
censored observation) or the date of disease-related death (as the event of
interest). Secondary endpoints were PFS as defined by the U.S. Food and
Drug Administration (22) and time to intrahepatic progression (TTP),
which was defined as the time from radioembolization to objective pro-
gression of liver disease. Follow-up examinations were performed every
3 mo or at shorter intervals as clinically indicated. Objective progression
was defined as PD according to RECIST 1.1 on follow-up CT or MRI
(21). The observation period ended July 1, 2015.

Statistical Analysis

All data were analyzed retrospectively. Quantitative data are presented
as number or median. The optimal cutoff for baseline tumor size (LD,),
SUV e, and TLGs was defined as the point on the receiver-operating-
characteristic curve that was farthest from the line of equality (Youden
index). Kaplan—Meier analysis of survival was based on the interval be-
tween the start of radioembolization and the last date of contact or the
event of interest. Quantitative survival data are given as median and
interquartile range (IQR), in months. A log rank test was used for statis-
tical comparison of survival rates between independent subgroups. Uni-
variate survival analysis was performed using Cox proportional hazards
regression. Corresponding estimates for hazard ratio (HR) and 95% con-
fidence interval (CI) were calculated. Significance was set at a P value of
less than 0.05 for rejection of the null hypothesis. The SPSS software
package (version 15.0; IBM) was used for all statistical analyses.
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TABLE 1
Characteristics of Study Cohort at Baseline (n = 17)

Characteristic Data

Age (y) 64.0 (IQR, 13.0)
Sex
Male 9 (53%)
Female 8 (47%)
Primary tumor site
Head and papilla 10 (59%)
Body and tail 7 (41%)
Tumor sites at time of radioembolization
Liver only 9 (53%)
Extrahepatic disease 8 (47%)
Hepatic tumor burden (%) 20.0 (IQR, 12.5)
Radioactivity delivered (GBq) 1.7 (IQR, 0.5)
Pretreatment
Surgery
Whipple 8 (47%)
Left-sided pancreatic resection 3 (18%)
Partial liver resection 1 (6%)
Radiation therapy targeting
Pancreas 2 (12%)
Liver 1(6%)
Palliative chemotherapy
Gemcitabine 12 (71%)
Gemcitabine and erlotinib 4 (24%)
Other 1 (6%)
PET/CT parameters
LD, (cm) 7.2 (IQR, 7.2)
TLGs (9) 156.0 (IQR, 394.2)
SUVpeak (@/cm?d) 9.4 (IQR, 5.2)

Data are total number followed by percentage, or median
followed by IQR.

RESULTS

Characteristics of Study Cohort and Survival

Patient characteristics are presented in Table 1. Eight patients
(47%) presented with extrahepatic metastases. Before radioemboliza-
tion, palliative chemotherapy with gemcitabine was given to 12 pa-
tients (71%), four of whom received it in combination with erlotinib;
11 patients had pancreatic surgery; and 1 patient each had partial liver
resection or radiation therapy targeting the liver. The median OS, PES,
and TTP were 8.8 mo (IQR, 7.2 mo), 2.9 mo (IQR, 3.3 mo), and 3.5 mo
(IQR, 5.8 mo), respectively, for the entire cohort. Two patients were
still alive and 4 patients had no liver progression at the end of the
observation period. There was no censored event for PFS.

PERCIST Response and Baseline Parameters

Median tumoral SUV e, was 9.4 (IQR, 5.2) (range, 2.2-27.6) at
baseline and 4.2 (IQR, 3.4) (range, 2.6-23.2) at follow-up. Median
change in SUV ..« between baseline and follow-up was —47%
(IQR, 75%) (range, —86%—152%). In 6 of 17 patients (35%), the

SUVpeux increased from baseline to follow-up by a median of 117%
(IQR, 92%) (range, 3%—152%). Median tumoral TLGs was 156.0
(IQR, 394.2) (range, 1.0-1,795.0) at baseline and 54.0 (IQR, 400.0)
(range, 0.0-6,482.0) at follow-up. Median change in TLGs between
baseline and follow-up was —90% (IQR, 259%) (range, —100%—
39,900%). Independent analysis of PET parameters resulted in the
same response category for each patient: 6 of 17 patients (35%) had
CR, one patient (6%) had PR, and 10 patients (59%) had PD accord-
ing t0 SUV g~ or TLGs-based PERCIST. Median baseline LD, was
7.2 cm (IQR, 7.2 cm).

Survival Analysis

Receiver-operating-characteristic analysis resulted in optimal cut-
offs of 7.9 cm for baseline LD,, 5.1 for baseline SUV ..., and 55 for
baseline TLGs. The results for univariate analysis of changes in
SUVpear, TLGs, CEA, CA19-9, and baseline parameters are presented
in Table 2 for OS and Table 3 for PFS and TTP. Figure 1 shows the
corresponding Kaplan—Maier survival curves.

Response by changes in either SUV .y or TLGs based on PERCIST
was significantly associated with favorable OS, PFS, and TTP. Patients
with any response (PR or CR) according to PERCIST (n = 7) had a
4.2-fold decreased risk of death (P = 0.039; HR, 0.24; 95% CI, 0.06—
0.93), a 6.7-fold decreased risk of overall progression (P = 0.016; HR,
0.15; 95% CI, 0.03-0.69), and a 6.3-fold decreased risk of liver pro-
gression (P = 0.010; HR, 0.16; 95% CI, 0.04-0.65). Outcome in
patients with PR or CR (n = 7) versus PD (n = 10) according to
PERCIST was 14.6 mo (IQR, 20.9 mo) versus 5.2 mo (IQR, 5.6 mo) for
0S, 5.9 mo (IQR, 4.7 mo) versus 2.8 mo (IQR, 0.5 mo) for PFS, and
8.5 mo (IQR, 12.7 mo) versus 2.8 mo (IQR, 0.7 mo) for TTP. Figure 2
shows images from a representative patient with PR according to
PERCIST, and Figure 3 shows the corresponding images from a patient
with PD. A baseline LD, of 7.9 cm or less was significantly associated
with prolonged TTP. Figure 4 shows the corresponding Kaplan—-Maier
survival curves. Patients with an LD, of 7.9 cm or less had a 4.8-fold
decreased risk for liver progression (P = 0.013; HR, 0.21; 95% CI,
0.06-0.72), whereas none of the other baseline PET/CT parameters
were significant predictors of patient outcome (each, P > 0.05).

In 7 of 17 patients (41%), plasma CEA levels decreased by a
median of 64% (IQR, 27%) (range, —98 to —8%) between baseline

TABLE 2
Regression Analysis for OS
0os
Variable Subcategory n P HR 95% ClI
Changes in CR or PR 7 0.039* 0.24 0.06-0.93
SUVpeak
Changes in CR or PR 7 0.039* 0.24 0.06-0.93
TLGs
LD, =7.9cm 9 0.090 0.38 0.12-1.16
SUVpeax =51 3 0.209 0.38 0.08-1.73
TLGs =55 5 0559 1.41 0.44-4.51
Changes in Any decrease 7 0.138 0.40 0.12-1.34
CEA
Changes in Any decrease 10 0.691 0.81 0.28-2.34
CA19-9
*P < 0.05.
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TABLE 3
Regression Analysis for PFS and TTP

PFS TTP
Variable Subcategory n P HR 95% CI P HR 95% ClI
Changes in SUVeax CR or PR 7 0.016* 0.15 0.03-0.69 0.010* 0.16 0.04-0.65
Changes in TLGs CR or PR 7 0.016* 0.15 0.03-0.69 0.010* 0.16 0.04-0.65
LD, =79 cm 9 0.270 0.56 0.20-1.56 0.013* 0.21 0.06-0.72
SUVpea =5.1 3 0.399 0.58 0.16-2.07 0.678 0.72 0.16-3.33
TLGs =55 5 0.410 1.63 0.51-5.18 0.507 0.64 0.17-2.38
Changes in CEA Any decrease 7 0.131 0.42 0.14-1.30 0.059 0.28 0.07-1.05
Changes in CA19-9 Any decrease 10 0.967 0.98 0.35-2.73 0.125 0.40 0.13-1.29

*P < 0.05.

and follow-up. In 10 of 17 patients (59%), plasma CA19-9 levels de-
creased by a median of 46% (IQR, 55%) (range, —99 to —9%) be-
tween baseline and follow-up. However, responses by changes in CEA
or CA19-9 were not significantly associated with patient outcome.

DISCUSSION

The aim of the present study was to evaluate the value of several
I8F.FDG PET parameters for prediction of survival in patients
with liver metastases from pancreatic cancer receiving *°Y micro-
sphere radioembolization. For this purpose, we applied PERCIST to
objectively assess treatment response based on changes in tumoral
SUVpeax or TLG (15).

The present analysis indicated that radioembolization has satis-
factory efficacy for treatment of liver metastases from pancreatic
cancer. Even though we applied radioembolization as a salvage
treatment, median PFS was 2.9 mo and OS was 8.8 mo; the fact that
these findings are similar to survival rates from large, prospective
trials investigating first-line chemotherapy for hepatic metastasis
(2,3) implies a possible improvement in OS by radioembolization.
The present results add to the small amount of literature on the sig-
nificance of '8F-FDG PET/CT for staging and monitoring the treat-
ment of pancreatic cancer. In an earlier report, '3F-FDG PET/CT
showed advantages over CT in the detection of distant metasta-
sis in resectable and locally advanced stages of pancreatic cancer
(23). Furthermore, pretreatment SUV ,,,, in metastatic pancreatic
cancer has already been shown to be an independent predictor of
PFS (13), and posttreatment changes in SUV ;. have been found

to be significantly associated with outcome after concurrent che-
moradiotherapy (/4). On the basis of the criteria of the European
Organization for Research and Treatment of Cancer (EORTC)
PET Study Group, the SUV of the hottest tumor voxel (SUV .x)
has traditionally been considered a hallmark of tumor vitality,
useful for predicting metabolic response to treatment (24). Indeed,
several studies have reported that SUV ., is more accurate than
tumor size for prediction of outcome after radioembolization for
unresectable liver metastases of different origins (6,7,25). However, a
consensus group developed PERCIST to overcome certain limita-
tions of the EORTC criteria and thus to serve as an improved
framework for '8F-FDG PET response assessment (15). PERCIST
defines SUV .y as the primary surrogate for tumor vitality, this
index being less susceptible than SUV ., to noise, especially in
modern, high-resolution PET scanners (26). The consensus includes
TLG of a predefined tumor volume as a secondary readout for
tumor vitality. However, to our knowledge, before this report the
prognostic value of metabolic response by PERCIST after local
treatment of liver metastases from pancreatic or other origin had
not been investigated. We found in our 17 patients that the median
SUV e Of the single liver lesion with the highest 3F-FDG uptake
decreased from 9.4 at baseline to 4.2 at follow-up after radioem-
bolization. The median summed tumoral TLGs dropped from 156
at baseline to 54 at follow-up. Six of 17 patients (35%) had CR,
one patient had PR, and 10 patients (59%) had PD according to
SUVeak- or TLGs-based PERCIST. As hypothesized, PERCIST
responders had a significantly longer OS (HR, 0.24; P = 0.039),
PFS (HR, 0.15; P = 0.016), and TTP (HR, 0.16; P = 0.010) than
nonresponders did (Fig. 1; Tables 2 and 3).
These results are consistent with recently

published findings on colorectal cancer, he-
patocellular carcinoma, cholangiocellular
carcinoma, and breast cancer (6-8,27,28)
showing that changes in SUV or TLG be-
tween baseline and follow-up are generally
predictive of OS after radioembolization.
The fact that the present independent analy-

sis of changes in SUV,.,x and TLGs as-
signed the same response category for each

1.0 PERCIST 10 1.0
-~ PRorCR
0.8 ) ‘SBHZL'?Q% 08 08
. event = >
Zos Zos o6
© [v] ©
=] e} o
004 ©04 004
= = =
o o o
02 02 02
ool P <0.027* a0 P <0.006" da P < 0.005*
1] 20 40 60 [] 2 4 6 B 10 12 0 20 30 40 50
QOverall survival (mo) Progression-free survival (mo) Time to intrahep. progression (mo)
FIGURE 1. Kaplan—-Meier survival curves for OS, PFS, and TTP in responders and nonre-

sponders according to changes in SUVeqk or TLGs. *Log rank test P < 0.05. SD = stable

disease.
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of our 17 patients further underlines the con-
sistency of the definition of response as estab-
lished in PERCIST (75).
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FIGURE 2. A 60-y-old man with partial metabolic response. Axial 18F-
FDG PET/CT (A and C) and PET (B and D) images before and 3 mo after
radioembolization are shown. SUVpea was 4.9 at baseline and 2.6 at
follow-up (-47%; PR according to PERCIST). Residual uptake was
recorded in one lesion (arrow) on follow-up. TLGs was 586 at baseline
and 61 at follow-up (-90%; PR according to PERCIST). Patient had OS
of 30.7 mo, PFS of 9.8 mo, and TTP of 30.7 mo, as compared with re-
spective medians of 8.8, 2.9, and 3.5 mo for entire cohort. RE = radio-
embolization.

Pretreatment PET/CT parameters including LD,, SUV ¢, and
TLGs also correlated with treatment response in the liver (TTP)
and with survival. In accordance with RECIST 1.1, we calculated
LD, on baseline CT (21). A baseline LD, of 7.9 cm or less proved
to be significantly associated with prolonged TTP, although we
saw no such correlation with PFS or OS (Fig. 4). Our findings
demonstrate that small liver metastases are associated with a better
treatment response than large ones, implying that radioemboliza-
tion may be more effective when applied earlier in the course of
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FIGURE 3. A 77-y-old man with progressive metabolic disease. Axial
18F-FDG PET/CT (A and C) and PET (B and D) images before and 3 mo
after radioembolization are shown. SUVea« Was 8.0 at baseline and
17.7 at follow-up (+121%). New liver lesions were seen on follow-up
(arrow; PD according to PERCIST). TLGs was 179 at baseline and 1,714
at follow-up (+858%; PD according to PERCIST). Patient had OS of
5.2 mo, PFS of 2.9 mo, and TTP of 2.9 mo, as compared with respective
medians of 8.8, 2.9, and 3.5 mo for entire cohort.
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FIGURE 4. Kaplan-Meier survival curves for TTP in patients with
baseline LD, = 7.9 cm vs. > 7.9 cm. *Log rank test P < 0.05.

disease. Surprisingly, we saw no correlation between baseline
SUVpeak or TLGs and any endpoint (Tables 2 and 3). Although
baseline SUV .« is presumed to be an indicator of tumor vitality
and thus aggressiveness in many types of cancer (29,30), and
given that a high baseline SUV,,,, has been described as an in-
dependent prognostic factor for progression of pancreatic cancer
(13), we did not find baseline SUV ¢, or TLGs to be of value in
predicting survival in our series of pancreatic cancer patients with
liver metastases. Though the baseline level of CA19-9 demon-
strated prognostic value in our previous study (5), response by
CA19-9 and CEA failed to show a significant association with
outcome in the present investigation. There is substantial evidence
that baseline CA19-9 and CA19-9 kinetics can serve as useful
surrogates for tumor progression in advanced and metastatic pan-
creatic cancer (31/-33). The present discrepancy from the earlier
literature may be due to the small number of patients included in
our study or may reflect confounds arising from the treatment
history of our patients.

The present study was limited by its retrospective single-center
design in a small patient cohort with different metastatic patterns
(Table 1). About half our patients presented with extrahepatic disease,
which is known to be associated with short survival after radioembo-
lization in patients with various types of cancer (34,35). Indeed, the
presence of extrahepatic metastases, which are not targeted by radio-
embolization, might have presented a strong confounder for OS in
our patient cohort. Although these limitations confer a preliminary
character to the present data, the patient and tumor characteristics
were nevertheless representative of metastatic pancreatic cancer in
the palliative setting, and adequate follow-up data were available for
most patients.

CONCLUSION

Metabolic response by PERCIST predicts OS, PFS, and TTP after
radioembolization for liver metastases from pancreatic cancer. Our
findings underline the feasibility of 'F-FDG PET/CT with PERCIST-
based response prediction for local treatment of liver metastases from
pancreatic cancer and may also generalize to liver metastases of non-
pancreatic origin.
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